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KEYWORDS Summary Since the early 1900s, human amnion has been applied to a wide variety of clinical
Human amnion; scenarios including burns, chronic ulcers, dural defects, intra-abdominal adhesions, peritoneal
Plastic surgery; reconstruction, genital reconstruction, hip arthroplasty, tendon repair, nerve repair, microvas-
Biological dressing cular reconstruction, corneal repair, intra-oral reconstruction and reconstruction of the nasal

lining and tympanic membrane. Amnion epithelial and mesenchymal cells have been shown to
contain a variety of regulatory mediators that result in the promotion of cellular proliferation,
differentiation and epithelialisation and the inhibition of fibrosis, immune rejection, inflam-
mation and bacterial invasion. The full repertoire of biological factors that these cells synthe-
sise, store and release and the mechanisms by which these factors exert their beneficial
effects are only now being fully appreciated. Although many commercially available biological
and synthetic alternatives to amnion exist, ethical, religious, and financial constraints may
limit the widespread utilisation of these products. Amnion is widely available, economical
and is easy to manipulate, process and store. Although many clinical applications are of histor-
ical interest only, amnion offers an alternative source of multi-potent or pluripotent stem cells
and therefore may yet have a great deal to offer the plastic surgery and regenerative medicine
community. It is the purpose of this article to review the clinical applications of human amnion
relevant to plastic surgery.

© 2014 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.

Introduction and history

Prior to the realisation of its medical and surgical applica-
tions, human amnion was the focus of myth and supersti-
tion. Being born with the fetal membranes or “caul” intact
General Hospital, Harvard Medical School, 78 Winter Street, Cam- was considered extremely lucky. Children were gifted with
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the caul were not confined to the original bearer and could
be transferred by inheritance or legitimate sale. As a result,
the trade of caul amulets became extremely popular,
particularly between seafaring men during the 1800s at the
time of the Napoleonic War."

In 1910, Davis reported on early experience with fetal
membranes in skin transplantation.? Over the last century,
the beneficial effects of amnion have been applied to
burns, chronic vascular and diabetic ulcers, dural defects,
intra-abdominal adhesions, peritoneal reconstruction,
genital reconstruction, hip arthroplasty, tendon repair,
nerve repair, microvascular grafts, corneal repair, intra-
oral reconstruction and reconstruction of the nasal lining
and tympanic membrane. More recently amnion has been
shown to be a viable source of stem cells with a potentially
exciting future in tissue engineering and regenerative
medicine. Although many of these roles are of historical
interest only, an awareness of this history is an important
pre-requisite for future development and innovation. It is
the purpose of this article to review past and present ap-
plications of human amnion relevant to plastic surgery and
how it may contribute to our future.

Anatomy and physiology

Amnion forms during the transition of the morula into the
blastocyst at approximately 7-days following fertilisation.>
Amnion is between 0.02 and 0.05 mm thick and consists
of five distinct layers: (1) epithelium, (2) basement mem-
brane, (3) compact layer, (4) fibroblast layer, (5) spongy
layer (see Figure 1). The innermost epithelium consists of a
single layer of cells in direct contact with amniotic fluid.
Microvilli at the apical surface of these cells play an
important role in amniotic fluid homeostasis.

The basement membrane border of the cells contains
blunt projections that inter-digitate with similar processes
in the basement membrane, forming a densely adherent
bond. The basement membrane is a thin layer composed of
reticular fibers. The compact, fibroblast and spongy layers
are referred to as the amniotic mesenchyme and originate

Figure 1

from the primary extra-embryonic mesoderm of the blas-
tocyst. The mesenchyme contains collagen |-VIlI and non-
collagenous proteins such as elastin, laminin, fibronectin
and vitronectin. The compact layer is composed of a dense
network of fibers and is almost entirely free from cells.
Abundant type |, Il and Ill collagen and elastin within this
layer endow amnion with tensile strength and elasticity.”
These properties help protect the fetus from mechanical
stress and desiccation. The fibroblast layer is the thickest
layer and is composed of a loose fibroblast network within a
matrix of reticulin. The outermost spongy layer represents
the transitional layer between amnion and chorion and is
composed of bundles of reticulin within a background of
mucin. The two layers are loosely adherent, allowing a
degree of gliding during gestation and easy separation by
blunt dissection during harvest.’

In spite of being devoid of vascularity, nerves, muscles
and lymphatics, amnion is highly metabolically active.’
Oxygen and nutrients are obtained by diffusion from am-
niotic fluid and chorionic vasculature. The epithelial layer
is a source of prostaglandins, particularly prostaglandin-E2,
and is thought to play an important role in the initiation and
maintenance of uterine contractions.® The epithelium also
contains human chorionic gonadotrophin receptors that
regulate prostaglandin production and activity. Epithelial
cells manufacture multiple vasoactive peptides, growth
factors, cytokines and extracellular matrix (ECM) proteins.’
These biological factors may reside in the epithelium or
may be transported and accumulated in the mesenchyme
where they act as a reservoir from which the amnion exerts
its therapeutic effects following transplantation.

Mechanism of therapeutic effect

As a barrier and analgesic

The application of amnion to a wound bed prevents desic-
cation and excessive fluid loss and provides an analgesic
effect by protecting exposed nerve ends from the
environment.

< Amniotic Fluid
<«—— Epithelium
<——— Basement Membrane

<«——— Compact Layer

<«—— Fibroblast Layer

<«——— Chorion

Schematic of amnion structure.
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As a non-immunogenic material

Several investigators have concluded that amniotic
epithelial and mesenchymal cells lack HLA class A, B, DR
and co-stimulatory molecules CD-40, CD-80 and CD-86.7 In
contrast, others have shown the presence of class-1 and
class-1b antigens in epithelial cells, mesenchymal cells and
fibroblasts.® Radiobiological studies suggest that although
amnion cells retain the ability to synthesise HLA, they do
not express HLA-A, B, C or DR antigens of (-2 microglobulin
on the cell surface.’ Mesenchymal stromal cells may inhibit
the maturation of peripheral blood monocytes into antigen-
presenting dendritic cells.

As a promoter of epithelialisation and an inhibitor
of fibrosis and scar

Amniotic epithelial and mesenchymal cells contain
epidermal growth factor (EGF), keratinocyte growth factor
(KGF), keratinocyte growth factor receptor (KGFR), hepa-
tocyte growth factor (HGF), and hepatocyte growth factor
receptor (HGFR). These growth factors are responsible for
proliferation, migration and differentiation of epithelial
cells and the promotion of epithelialisation.'® Basic fibro-
blast growth factor (bFGF), and transforming growth factor
(TGF) -B1, B2, B3 have also been demonstrated in amnion
cells. bFGF is a pro-angiogenic factor and plays a role in the
formation of granulation tissue through the proliferation of
fibroblasts. The TGF-B family is responsible for the syn-
thesis and deposition of ECM proteins and the regulation
and transformation of fibroblasts into myofibroblasts. "
Mesenchymal hyaluronic acid may inhibit TGF-B and the
generation of excessive fibrosis and scar.'® This may explain
the beneficial effect amnion has on scar formation and why
fetal wound healing is essentially scarless.

As an anti-inflammatory and anti-bacterial

Amniotic epithelial cells contain interleukin 10 (IL-10) that
down-regulates the expression of Th1 cytokines, major
histocompatibility complex (MHC) class Il antigens and co-
stimulatory molecules on macrophages.'? IL-10 also en-
hances B-cell survival, proliferation and antibody produc-
tion and has been shown to inhibit the production of pro-
inflammatory cytokines such as interferon-y, IL-2, IL-3,
tumour necrosis factor-o (TNF-a), and granulocyte macro-
phage colony stimulating factor (GM-CSF). Other anti-
inflammatory mediators such as IL-1 receptor antagonist
and tissue inhibitors of metalloproteinase-1, 2, 3, 4 (TIMPs)
have also been found in amniotic cells.

Amniotic fluid contains lysozymes and immunoglobulins.'*
In vitro experiments confirm reduced viability of group-A and
group-B Streptococcus, Staphylococcus aureus and Staphylo-
coccus saprophyticus in the presence of amnion.’* Amnion has
also been shown to produce human-beta-3-defensin. These
antimicrobial peptides are implicated in the resistance of
epithelial surfaces to microbial colonisation and have been
shown to be upregulated in inflamed amnion.’> Amnion
epithelial cells can be induced to express intercellular adhe-
sion molecule-1 (ICAM-1) by pro-inflammatory cytokines such
as tumour necrosis factor-o. (TNF-o.) and IL-1B."¢ ICAM-1 has a

role in the attraction and adhesion of leukocytes and may also
have a role in signal transduction in pro-inflammatory path-
ways resulting in the recruitment of inflammatory mediators
such as macrophages and granulocytes. '’

As a regulator of angiogenesis

The angiogenic influence of amnion is uncertain. The
presence of platelet derived growth factor (PDGF) and
vascular endothelial derived growth factor (VEGF) are
suggestive of a pro-angiogenic role.'® bFGF may have an
even greater pro-angiogenic influence than PDGF and VEGF.
However, a large amount of ophthalmological research
contends that it is the ability of amnion to suppress
angiogenesis that renders it useful in corneal healing. The
expression of tissue inhibitors of metalloproteinase (TIMP-
1, 2, 3, 4), thromboplastin-1 and endostatin in amniotic
cells supports these claims.'?

Amnion collection and processing

Elective cesarean section donors undergo rigorous serolog-
ical screening for human immunodeficiency virus-1/2,
Hepatitis B, Hepatitis C, human T-cell lymphotrophic
virus, syphilis, cytomegalovirus, and tuberculosis.
Following delivery, amnion is separated from the placenta
by blunt dissection (see Figure 2). Once gross contaminants
are removed, amnion is usually de-epithelialised to limit
immunogenicity, sterilised to reduce risks of disease
transmission, and preserved to improve longevity and con-
venience for storage. Improvements in processing have
focused on preserving membrane architecture and growth
factor content in order to optimise therapeutic effect.
De-epithelialisation can be performed by mechanical
scraping or exposure to chemicals.'? It is uncertain how these
protocols affect the levels of growth factors and ECM pro-
teins. Koizumi et al. showed that, although amnion denuded
of its epithelium contained EGF, TGF-a,, KGF, HGF, bFGF, TGF-
B1, and TGF-B2, protein levels were reduced in comparison to
samples with intact epithelium.'® Whether this is clinically
significant is uncertain. Neurotransmitters, neurotrophic
factors and neuropeptides are concentrated in the epithe-
lium and therefore amnion with intact epithelium may be

.

ZL_;;__ Placenta
¥/

Amnion being bluntly dissected from human

Figure 2
placenta.
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superior when applied to neural injury.?° In contrast,
denuded amnion results in superior cell adhesion, migration
and proliferation and therefore may be preferable when
applied to acute and chronic wounds.?" As the majority of
clinical applications concern wound healing, the use of
denuded amnion has greater representation in the literature.
Developed in the late 1980s, cryopreservation in glycerol
is the most widely used preservation technique. Anti-
bacterials and anti-fungals are often added before freezing
at —80 °C. Cells are devitalised although not sterilised.?*
Viable bacteria and viruses can be present following
several months of storage.”* The effect on biological prop-
erties is uncertain. Thomasen et al. reported no detrimental
impact on sterility, histological integrity or the availability of
biological mediators. Amnion cryopreserved in 50% glycerol/
DMEM at —80° for 1-month contained EGF, TGF-a, KGF, HGF,
bFGF, TGF-B1, -B2, B3, KGFR and HGFR.?? Cryopreservation
requires expensive equipment that may be unavailable for
some institutions, particularly in developing nations.
Lyophilisation is an alternative technique allowing
storage of amnion at room temperature, obviating the
requirement for deep freeze facilities and increasing
surgeon convenience. Lyophilised membranes are
commonly sterilised with gamma irradiation. Concerns
exist regarding detrimental changes to membrane archi-
tecture and growth factor levels. Nakamura et al. re-
ported no significant difference in tensile properties,
tissue structure or ECM composition between lyophilised,
gamma-irradiated and cryopreserved membrane.?® Lim
et al. showed that lyophilisation reduced the levels of

several growth factors and ECM proteins although there
was no appreciable difference in clinical performance
when compared with cryopreserved samples.?® Other
methods of preservation and sterilisation exist although
these are less well accepted.

The variation in processing within the literature makes it
difficult to draw definitive conclusions on the optimal
method. Variation also exists amongst commercially avail-
able products (Table 1). Independent of processing tech-
nique, several donor specific factors can influence the
biochemical composition of amniotic membrane. Lopez-
Valladares et al. showed that in fresh, cryopreserved and
lyophilised amnion, levels of bFGF, HGF, KGF and TGF-$1
were significantly lower in those membranes of greater
chronological and gestational age.?” Velez et al. found sig-
nificant differences in cytokine profiles between African
Americans and Caucasians.’® Membrane architecture and
growth factor profile can also vary depending on what area of
amnion a specimen originates from.?’ As a result, stand-
ardisation of collection and processing may be essential if
consistent therapeutic results are to be achieved. If consis-
tent relationships between donor variables and biochemical
profile exist, it may become possible to select certain vari-
eties of amnion for specific clinical situations.

Applications relevant to plastic surgery

Broadly speaking, amnion has been applied as an alter-
native biological dressing or has in some way augmented
reconstruction. Table 2 provides examples of

Table 1 Commercially available human amnion products.
Manufacturer Product Membrane Indications for use Processing technique
thickness
MiMedx AmnioFix 50—100 microns Dural reconstruction, spinal Proprietary Purion process
(Marietta, Georgia) membrane surgical barrier (dehydration and sterilization)
AmnioFix 50—100 microns  Tendon and soft tissue As above
Wrap inflammatory conditions
AmnioFix N/A Nerve and tendon repair As above
Injectable
EpiFix 50—100 microns Chronic and acute partial and  As above
full thickness wounds
Bio-Tissue Inc Prokera 50—100 microns Corneal erosion, infectious Proprietary CryoTek process
(Miami, Florida) corneal and inflammatory keratitis, (cryopreservation)
bandage herpes, superficial
epithelial defects
AmnioGraft 50—100 microns Chemical burns, Pterygium, As above
corneal defects, leaking
glaucoma blebs, Stevens-
Johnson syndrome, Strabismus
AmnioGuard  300—400 microns Coverage of glaucoma As above
drainage devices
AcelaGraft Cellular AcelaGraft 50—100 microns General wound dressing Deoxycholic acid, gel drying,

Therapeutics
(Cedar Knolls,
New Jersey)

and ophthalmic wounds

electron beam irradiation




Table 2 Summary of evidence on the applications of human amnion relevant to plastic surgery.

Clinical Scenario

Author

Study design

Application

Amnion Prep

Summary of outcomes

Biological dressing
Burns

Lin et al., 1985*

Subrahmanyan, 1995°"

Sawhney, 1989°?

Ramakrishnan
et al., 1997°3

Branski et al., 20073

Singh et al., 2007*°

Fraser et al., 20093¢

Mostaque et al., 2011%’

0CcC (n = 1)
CS (n = 22)

0CC (n = 90)
0CC (n = 350)

P-RCT (n = 102)

OCC (n = 50)

Animal (n = 21)

P-RCT (n = 102)

Overlay on autograft

Overlay on micro-skin
grafts

PT burns

PT burns

PT burns

PT burns

PT burns

PT burns

Fresh

Fresh

Processed

Processed

Processed

Processed

Processed

Processed

Amnion compared to conventional dressings.
Good adherence, not rejected by patient,
reduced pain, infection, bleeding, number of
dressing changes and time to healing in amnion
group

Epithelialisation within 7—10 days in 16
patients. Superior wound healing due to
occlusive, growth promoting effect of amnion
Amnion vs conventional silver dressings.
Superficial, mid-dermal and full thickness
burns. Amnion reduced wound exudate,
expedited epithelialisation and reduced
granulation tissue and scar formation in all
groups. In mid-dermal burns, amnion degraded
and required regular replacement. Amnion
applied to FT burns once eschar separated
Amnion compared to conventional dressings.
Amnion had superior adherence, porosity
allowing egress of exudate, transparency
allowing wound monitoring, reduction in pain,
healing times demands on nursing staff and
cost

Amnion vs topical antimicrobials. Significantly
less dressing changes with amnion. Time to
healing, length of stay and incidence of
hypertrophic scarring were not significantly
different between groups

Gamma irradiated amnion compared with
glycerol preserved amnion. Radiation sterilised
amnion easier to apply that glycerol sterilized.
No significant difference in time to healing,
infection, scarring

Symmetrical lower limb deep dermal burns.
Amnion vs paraffin gauze. Histopathological
and immunohistochemical analysis showed
significantly reduced scar tissue formation in
amnion group.

Paediatric burns. Amnion vs silver sulfadiazine
dressings. Amnion resulted in: significantly
reduced mean hospital stay, dressings changes,
mean time to epithelialisation, reduced pain,
increased mobility. Patient and surgeon
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Acute wounds

Chronic wounds

Adly et al., 2010%

Mohammadi et al., 2013°°

Seashore et al., 1975%°

Tekin et al., 2007*'

Troensegaard-Hansen

et al., 1950*

Faulk et al., 1980'®

Ward et al., 1984*

Ward et al. 1989*

Singh et al., 2004*

Gajiwala et al., 2003

P-RCT (n = 46)
P-RCT (n = 38)
CS (n = 16)

CS (n = UNK)
CS(n=7)

CS (n = 15)

CS (n = 28)

CS (n = 27)

CS (n = 50)
CS (n = 8)

PT + FT burns

Symmetric upper and
lower limb burns

Omphalocele and
gastroschiasis

Coverage of

exposed viscera

Chronic leg ulcers

Chronic leg ulcers

Chronic leg ulcers

Chronic leg ulcers

Chronic leg ulcers

Pressure sore

Processed

Fresh

Fresh

Fresh

Processed

Fresh

Fresh

Various

Processed

Processed

satisfaction high.
Amniotic membrane group compared to
Tegaderm dressings. Amnion resulted in
significantly faster healing, lower rates of
infection, lower pain scores and lower levels of
electrolyte and albumin loss.
Right limb autograft + amnion overlay vs left
limb autograft + conventional dressing. Graft
success assessed after 21 days. Mean graft take
in right limbs was significantly higher than left
(90% vs 67%)
Fresh amnion compared to porcine xenograft
and silastic sheeting; mean time to healing 55
days; amnion superior due to ready availability,
reduced bacterial counts, rapid
epithelialisation
Amnion applied as a cover in place of Bogota
bag every 48 h; reduction in serosal erosions
and adhesions between bowel loops; visceral
and abdominal wall oedema reduced
Amnion used in case patients compared with 1
control treated with conventional dressings.
Chronic ulceration duration 4—15 years. All
amnion patients healed within 10 weeks. No
healing in control patient. No wound
breakdown during follow-up
Amnion vs regular dressings. Samples for
histology + immunohistochemistry before and
after 5-days amnion. New vessel
formation + granulation tissue superior in
amnion group.
Amnion applied for 5-days after which ulcer
was autografted. 50% recurrence at 1-year
(defined as ulceration >1 cm)
Healing compared amongst groups treated with
fresh, frozen, tissue cultured maintained or
lyophilized amnion. No statistically significant
difference between groups. Lyophilised judged
to be easiest to use and store
Successful pain relief and healing of ulcers of
varying aetiologies
Superficial sores treated with lyophilized,
irradiated human amnion. Easy to handle and
apply, analgesic, reduction in exudate,
accelerated epithelialisation. Complete
healing with single application

(continued on next page)

uoluwe uewny Jo suolyedndde jesiund ayy

£99


https://www.researchgate.net/publication/20486261_The_healing_of_chronic_venous_leg_ulcers_with_prepared_human_amnion?el=1_x_8&enrichId=rgreq-f9ad448f-0e6c-4450-b4a0-423a6dcd7eaa&enrichSource=Y292ZXJQYWdlOzI2MDA0MjUzODtBUzoxOTAxODEyMjMxODIzMzZAMTQyMjM1NDE0NTA4Ng==
https://www.researchgate.net/publication/16826661_The_Long-Term_Results_of_the_Use_of_Human_Amnion_in_the_Treatment_of_Leg_Ulcers?el=1_x_8&enrichId=rgreq-f9ad448f-0e6c-4450-b4a0-423a6dcd7eaa&enrichSource=Y292ZXJQYWdlOzI2MDA0MjUzODtBUzoxOTAxODEyMjMxODIzMzZAMTQyMjM1NDE0NTA4Ng==
https://www.researchgate.net/publication/17029895_Human_amnion_as_an_adjunct_in_wound_healing?el=1_x_8&enrichId=rgreq-f9ad448f-0e6c-4450-b4a0-423a6dcd7eaa&enrichSource=Y292ZXJQYWdlOzI2MDA0MjUzODtBUzoxOTAxODEyMjMxODIzMzZAMTQyMjM1NDE0NTA4Ng==
https://www.researchgate.net/publication/8452450_Use_of_Banked_Tissue_in_Plastic_Surgery?el=1_x_8&enrichId=rgreq-f9ad448f-0e6c-4450-b4a0-423a6dcd7eaa&enrichSource=Y292ZXJQYWdlOzI2MDA0MjUzODtBUzoxOTAxODEyMjMxODIzMzZAMTQyMjM1NDE0NTA4Ng==
https://www.researchgate.net/publication/40681921_Assessment_of_amniotic_and_polyurethane_membrane_dressings_in_the_treatment_of_burns?el=1_x_8&enrichId=rgreq-f9ad448f-0e6c-4450-b4a0-423a6dcd7eaa&enrichSource=Y292ZXJQYWdlOzI2MDA0MjUzODtBUzoxOTAxODEyMjMxODIzMzZAMTQyMjM1NDE0NTA4Ng==

Table 2 (continued)

Clinical Scenario

Author

Study design

Application

Amnion Prep

Summary of outcomes

Reconstruction
Dura

Oral cavity

Genitalia

Flap and microvascular

Insausti et al. 20107

Tomita et al., 20128

Hasegawa et al., 2004*°

De Weerd et al., 2013°°

Lawson, 1985°2

Samandari et al., 2004°°

Kothari et al., 2012°¢

Tancer et al., 1979

Ashworth et al., 1986

Ozkaya et al., 2012°7

CS (n = 2)

CS (n = 10)

CR(n=1)

CR (n

1)

CS (n = 12)

CS(n=7)

CS (n = 10)

CS (n = 4)

CS (n = 15)

Animal (n = 32)

Large post-traumatic
wounds

Skull base

Myelomeningocele

Myelomeningocele

Pectoralis major flap

oral mucosal lining

Mandibular vestibuloplasty

Mandibular vestibuloplasty

Vaginal reconstruction

Vaginal reconstruction

Random pattern skin flaps

Processed

Processed

Fresh
autograft

Fresh, autograft

Fresh

Fresh

Processed

Fresh

Fresh

Fresh

Amnion applied to large, deep wounds.
Accelerated epithelialisation. Up-regulation of
c-Jun expression and modification of
keratinocyte migration

No CSF leakage or adverse outcome directly
related to amnion were observed

Autologous onlay graft; no rejection;
prevention of infection following wound
dehiscence; graft epithelialised; absence of
excessive scar tissue formation; rapid, water-
tight solution; neurotrophic factors from
amnion promoted neural healing

No rejection; absence of excessive scar tissue
formation; graft epithelialised; rapid, water-
tight solution; neurotrophic factors from
amnion promoted neural healing

Amnion provided scaffolding function. Flaps
formed granulation tissue and epithelialised
twice as fast untreated flaps. Wound
contracture reduced.

No infection or graft rejection. Amnion present
for 3 weeks and led to rapid granulation tissue
formation, mucosalisation and maintenance of
post-operative buccal vestibular height.
Prosthodontic surgery possible at 1-month

No infection or graft rejection. Amnion present
for 3 weeks and led to rapid granulation tissue
formation, mucosalisation and maintenance of
post-operative buccal vestibular height.
Prosthodontic surgery possible at 1-month
Amnion applied over obturator; no rejection or
infective complications; epithelialisation
complete in all 4 cases by 8 weeks

No rejection; purulent discharge between
obturator changes although no overt infection;
excellent results in partial or complete vaginal
agenesis reconstruction; improvement in
vaginal strictures; epithelialisation by 4 weeks
Amnion applied to undersurface of flaps;
greater survival of treated flaps. Significant
reduction in polymorphonuclear leukocyte
number; significant increase in capillary
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Gray et al., 1987°%

Tendon and nerve Ozboluk et al., 2010°°

Meng et al.®°

Henry et al., 2009°"

O’Neill et al., 2009°?

Mohammad et al., 2000°

O’Neill et al., 2009%*

Animal (n

Animal (n

Animal (n

Animal (n

Animal (n

Animal (n

Animal (n

= 120) Vascular interpositional
grafts

= 42) Flexor tendon repair

= 36) Nerve wrap

= 24) Nerve wrap

= 48) Nerve wrap

= 66) Nerve conduit

= 24) Nerve conduit

Processed

Fresh

Processed

Processed

Processed

Processed

Processed

proliferation and density

Grafts soft, pliable; no collapse of graft walls;
transparent wall helped to prevent back wall
suturing; easier to suture than alternative
synthetic (PTFE) grafts; No rejection. Patency
after 3 months comparable to other synthetic
grafts but inferior to control autogenous vein
grafts

Adhesion formation reduced in amnion treated
group compared with untreated control group
after 6 weeks follow-up

Significant improvements in functional
recovery and nerve histomorphometric
outcomes at early time points; no significant
difference after 12 weeks; significantly less
perineural scar tissue formation in amnion
group

Photochemical sealing of amnion wrap to
neurorrhaphy site resulted in significant
improvement of electrophysiological and
histomorphometric outcomes and reduction in
axonal escape

Photochemical sealing of amnion wrap to
neurorrhaphy site showed significantly
improved functional and histomorphometric
outcomes and reduction in extraneural
adhesions

Amnion conduits vs silicone conduits vs
standard autograft over 1 cm defect.
Regeneration through amnion conduit
comparable to autograft and superior to
silicone conduit. Functional recovery
statistically better at early time points in
amnion group. Amnion degraded by 4-months.
Amnion conduits secured with either
photochemical tissue bonding (PTB) or suture
and compared to autograft. Functional
outcomes, muscle mass retention and
histomorphometry in amnion conduit + PTB
comparable to autograft

PT = partial thickness; FT = full thickness; OCC
UNK = unknown.

= observational

case controlled trial; CS = case series; CR = case report; P-RCT = prospective randomised controlled trial;
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experimental and clinical evidence supporting therapeutic
benefit according to these categories. In spite of the large
evidence base, there is a paucity of well-designed, rand-
omised controlled trials testing amnion performance
against gold standard alternatives. A list of ongoing human
clinical trials, as listed by ClinicalTrials.gov, is provided in
Table 3. The following discussion makes reference to this
evidence and aims to provide a more cohesive under-
standing. A summary of the advantages and disadvantages
of amnion according to application are listed in Table 4.
The applications amnion has for tissue engineering and
regenerative medicine is also discussed.

Biological wound dressing
Burns

The history of amnion use for the management of burns is
extensive. The use of amnion for corneal burns and other
ophthalmological epithelial defects is commonplace and
has led to the development of several commercially avail-
able products (Table 1). Membranes have been used as
overlay following standard autografting and microskin
grafting and also in place of conventional dressings
following superficial and mid-dermal burns, including
cadaveric allograft and porcine xenograft.*°>°

Acute wounds

Amnion has been used as an alternative temporary biolog-
ical dressing to protect exposed viscera in cases of
congenital abdominal wall defects such as omphalocele and
gastroschiasis and also full thickness defects secondary to

major trauma, infection or oncological resection.“> Amnion
provides an alternative to the Bogota bag and can form part
of a staged abdominal wall reconstruction with or without
negative pressure therapy (NPT).*!

Chronic wounds

Chronic wounds represent a major financial burden on
healthcare services worldwide. Multiple studies have re-
ported superior wound healing following the application of
amnion to chronic leg ulcers of varying aetiology'®“*~*°
Areas of pressure necrosis have also been treated
although the suitability of amnion in these complex and
often extensive wounds is most likely limited to only the
most early and superficial cases.*® Amnion has also been
applied to areas of stalled healing following large traumatic
soft tissue loss in patients unfit for complex reconstruc-
tion.*” In each of these situations, amnion can be applied in
conjunction with NPT.

Reconstruction

Dural repair

Amnion has been used to reconstruct dural defects in the
skull base and in cases of myelomeningocele.*®~>° Water
tight closure in these situations is essential in order to
prevent CSF leak and potentially life threatening infection.
Although synthetic materials are available in these situa-
tions, autologous solutions are preferred. In congenital
anomalies such as myelomeningocele, amnion can be
applied as an autograft immediately or as a delayed pro-
cedure following storage. When soft tissue defects are
large, amnion can form part of a layered closure under
loco-regional or free tissue transfer.”>°° Amnion may

Table 3  Summary of registered clinical trials using human amnion.

Description Design Trial identifier  Institution Status

The treatment of partial thickness burns:  Phase 2/3 RCT NCT00674999 University of Texas, Recruiting
treated amnion versus currently in Galveston
use topical medication

Evaluation of the cryopreserved amniotic  Phase 2 single group  NCT00820274 University Hospital, Limoges Recruiting
membranes in the care of resistant interventional Etablissement Francais du
vascular ulcers Sang

An Evaluation of the Effect of the Phase 2/3 NCT01357187 UNKNOWN Not yet
AmnioFix™ Amniotic Membrane Observational recruiting
Allograft on Scar Tissue and Adhesions  case controlled
in Patients Undergoing Posterior
Instrumentation Removal

The role of AMT (amniotic membrane Phase 2/3 RCT NCT00370812 Shaheed Beheshti Medical Recruiting

transplantation) in treating epithelial
defects and symbelpharon,
preventing corneal opacification,
decreasing pain, improving visual
acuity and treating acute chemical
burns

University

RCT = Randomised controlled trial.


http://ClinicalTrials.gov

The clinical applications of human amnion

671

Table 4 Advantages and disadvantages of human amnion for different clinical application.

Amniotic membrane for clinical application

Application

Advantages

Disadvantages

General

Biological dressing

Burns

Acute wounds

Chronic wounds

Reconstructive
Dural repair

Oral cavity and
vaginal vault

Flap and
microvascular

Nerve and tendon

Abundant supply; no donor morbidity; inexpensive;
easy processing and storage; off-the-shelf
availability; high tensile strength; non-immunogenic;
anti-bacterial, anti-inflammatory, anti-fibrotic,
regulator of angiogenesis; reduced social, cultural,
religious obstacles compared with allograft and
xenograft products

Readily adherent; transparent allowing wound
monitoring; reduction in exudate and infection;
accelerated epithelialisation; analgesic; reduction in
dressing changes, analgesia requirements, demand
on nursing staff; reduced cost; reduced scarring

As above; allows temporary coverage of exposed
abdominal viscera; autograft possible in omphalocele
and gastroschiasis;

Conformable to deep, irregular wounds; permeable
allowing egress of exudates; reduced requirement for
autografting, time to autografting and graft failure;
reduced scarring; use with NPT

Water tight barrier; neurotrophic factors support
neural tissue; autografting possible
(myelomeningocele)

Rapid epithelialisation removing need for autograft;
bone coverage possible

Angiogenic effect; inhibits neutrophils and free
radicals; allows manufacture of vascular grafts;
amnion scaffold permits growth factor and stem cell
seeding

Wrap reduces scar tissue/adhesions; prevents
leakage of growth factors; provides neurotrophic
support; allows manufacture of conduits; amnion
scaffold permits growth factor and stem cell seeding

Donor screening; risk of disease transmission;
optimal processing method uncertain;
problematic handling and suturing; variable
biological properties depending on sample
location, donor and gestational age and race;
proteolytic degradation

Handling and suturing may be difficult; Membrane
architecture and growth factor content varies
with location, gestational age, donor age and
race; Degradation may require reapplication; no
adherence in full thickness burns

As above

As above

As above

As above

As above; degradation may interfere with vascular
graft success

As above; empty nerve conduits limited to short
distances; degradation may interfere with conduit
support

support underlying neurological tissue through the pro-
duction of neurotrophic factors such as nerve growth factor
(NGF), brain derived neurotrophic factor (BDNF) and brain
natriuretic peptide (BNP).'*>"

Mucosal lining

Amnion has been used to expedite epithelialisation of
muscle flaps following intra-oral and vaginal vault
reconstruction.®>>* In the absence of a cutaneous paddle,
these surfaces can be reconstructed with split and full thick-
ness skin grafts, buccal mucosa grafts, intestinal mucosa,
peritoneum or commercially available collagen based prod-
ucts. Skin grafts are perhaps the most widely practiced tech-
nique although they are associated with complications such as
donor site wound, colour and texture mismatches, dryness,
desquamation, hair growth, poor mobility and contracture.
Commercial products are expensive and require complex
processing that can reduce their clinical efficacy. Amnion has
also been used to successfully cover bone following excision of
gingival leukoplakia and vestibuloplasty.®*>®

Flap and microvascular

Partial or complete flap necrosis is a dreaded complication
when performing tissue transfer. Amnion applied to the
undersurface of random pattern skin flaps has been shown
to significantly increase capillary proliferation, reduce
infiltrating neutrophils and improve flap survival.’” Local
factors liberated by amnion may reduce leukocyte activa-
tion and free radical formation, limiting endothelial injury,
thrombosis and flap necrosis.

The survival of free tissue transfer relies on successful
microvascular anastomosis. In major trauma or complex
elective reconstruction, this can require interpositional
grafting. Autogenous vein remains the gold standard graft
material although the associated donor morbidity is
unsavoury. Alternative biological or synthetic materials
with equivalent patency and functional outcomes are
desirable. Amnion has been rolled into interpositional
grafts and, in a rat model, resulted in re-
endothelialisation at equal time points compared with
vein autografts.”®
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Tendon and nerve

Successful functional recovery, particularly in the hand and
upper limb, is dependent on accurate reconstruction of
tendons and nerves. Wrapping tenorrhaphy and neuro-
rrhaphy sites with amnion can reduce adhesions and
improve functional recovery.®®®® Reducing suture burden
at the repair site can also reduce scar tissue formation.
Amnion wraps have been sealed around neurorrhaphy sites
with a novel, sutureless, photochemical tissue bonding
technique, resulting in improved functional and histological
outcomes.®"®? Amnion scaffolds may act as a reservoir of
neurotrophic factors. Sealing the regenerative milieu may
prevent the elution of these and other endogenous neuro-
regenerative factors into the surrounding tissue.

As with vessel injury, loss of nerve tissue may require
bridging techniques. Autogenous nerve grafts remain the
gold standard technique although in situations of major
trauma, demand for autogenous material can exceed sup-
ply. Processed allografts and biological and synthetic nerve
conduits are options although all are associated with limi-
tations. Amnion provides an alternative material for the
construction of nerve conduits.®®®* As with any hollow
conduit, applications remain limited to short deficits.

Tissue engineering and regenerative medicine

Amnion as a scaffold

Biological scaffolds require the presence of extracellular
matrix proteins such as collagen, laminin and fibronectin.
Adhesion molecules specific to these proteins facilitate cell
adhesion, transmembrane receptor activation and intra-
cellular signalling cascades that regulate cell migration,
proliferation, differentiation and apoptosis.®® Ideal scaf-
folds are biocompatible, mechanically stable, flexible,
resorbable at a rate consistent with repair and allow the
incorporation of growth factors and genetic materials.®®
Amnion basement membrane contains collagen Ill, IV and
other glycoproteins such as laminin and fibronectin. Amnion
scaffolds have been used to cultivate epithelial cells
in vitro before in vivo transplantation. This has been used
to reconstruct corneal surfaces following chemical burns,
limbal stem cell deficiency and other related pathology.®’
Amnion scaffolds seeded with human keratinocytes have
generated living skin equivalents and have been success-
fully transplanted into an animal model.® Denuded amnion
has been used as a carrier matrix for chondrocytes and
cartilage regeneration.®® Amnion seeded with human um-
bilical vein endothelial cells and human vascular smooth
muscle cells has been rolled into a cell dense, mechanically
stable, multi-layered blood vessel conduit.”’ Although
growth factor levels in denuded amnion may be reduced,
several studies have suggested scaffolding function is more
effective in the absence of epithelium. Due to the inter-
ference of hemidesmosome formation, amniotic epithelium
may hinder uniform cell expansion.”"

Amnion as an alternative source of stem cells

The use of pluripotent embryonic stem cells (ESCs) is hin-
dered by ethical controversy. Mesenchymal stem cells
(MSCs) are a less controversial, non-embryonic source of
multipotent cells. Bone marrow mesenchymal stem cells

(BM-MSCs) are perhaps the gold standard adult multipotent
cell. However, due to the invasive and painful nature of
harvest, alternatives such as adipose derived mesenchymal
stem cells (AD-MSCs) have become popular. Adipose tissue
is abundant, readily accessible with low morbidity, provides
cell numbers and stem cell fractions that greatly exceed
that of BM-MSCs, and have superior proliferation capacity
and differentiation potential in vitro.”> Adipose derived
stem cells can also be induced into pluripotent cells. These
cells are reprogrammed into pluripotency by inducing the
expression of transcription factors characteristic of undif-
ferentiated embryonic stem cells.”>

Several limitations of AD-MSCs exist. Cell populations are
not homogenous. Considerable variations in phenotype,
proliferative capacity and differentiation potential exist
between and within individuals. Proliferative capacity and
differentiation potential may decrease with donor age, a
characteristic shared by all adult derived MSCs.”* The
secretion of tumour promoting factors such as IL-6 and the
pro-angiogenic effect of these cells have also raised con-
cerns regarding malignant transformation.”> With regards
to induced pluripotency, the persistence of source cell
epigenetic memory may render these cells unstable and
unpredictable.”®

Amnion has advantages over all adult derived MSCs.
Amnion supply is unlimited and is arguably more conve-
nient to obtain than adipose tissue. Total cell number and
stem cell fraction from amnion is thought to greatly
exceed both BM-MSCs and AD-MSCs.”” In addition to
amnion, placental tissue provides chorionic membrane,
chorionic villi, maternal decidua, umbilical cord, umbili-
cal cord blood and Whartons jelly. These provide addi-
tional MSCs and also embryonic populations such as
endothelial and haematopoietic stem cells.”” Proliferative
capacity and differentiation potential of amnion derived
cells is thought to exceed that of adipose tissue. De-
rivatives from all three germ layers such as adipogenic,
osteogenic, chondrogenic, hepatic, pancreatic, cardiac,
vascular and neural cells have been cultured and shown to
possess reparative and functional capabilities. Placental
cells of fetal origin (amnion, chorion, chrionic villi) may
have greater differentiation potential than those of
maternal origin (decidua).’® Fetal origins may also prevent
age related reductions in proliferative and differentiation
potential characteristic of adult cells. Due to a maximum
gestational age of 9—10 months, it is also likely that
amnion provides a population of cells that have accumu-
lated less genetic damage than adult sources.

It is currently uncertain whether amnion cells are truly
pluripotent or whether multiple sub-populations of mutli-
potent stem cells exist. The existence of multiple sub-
populations is potentially problematic. Not unlike growth
factor level, the proliferative and differentiation charac-
teristics of these cells may vary according to membrane
location, gestational and donor age, race and processing
technique. In addition, different methods of culture,
isolation and expansion may artificially select certain sub-
populations and obscure true biological activity. Pluripo-
tency is supported by the identification in amniotic cells of
multiple molecular markers typically found on embryonic
stem cells, such as octamer-4 (OCT-4), NANOG, sex-
determining Y-box-2 (SOX-2), Lefty-A, FGF-4, REX-1 and
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Table 5 Comparison between amnion, adipose tissue and
bone marrow as alternative sources of mesenchymal stem
cells.

Variable Tissue

Amnion Adipose Bone
marrow

Invasiveness of procurement + + +

Ethical issues - — -

Availability of tissue aFAFAF AR AR aF

Stem cell fraction 5-50 1-5 0.01-0.05
(% of total cells)

Proliferation capacity

+++ ++ +

in vitro
Senescence with passage + 3 4F 4F 4F 4F
Differentiation potential aF9F AF AR AR 4F
Reduction in differentiation — + +
potential with donor age
Age and environmental - + +

acquired DNA damage

Cryogenic storage of cells 4F = =
for future use following
birth

teratocarcinoma derived growth factor-1 (TDGF-1).”° OCT-4
is responsible for the maintenance of pluripotency and it
has been shown that the level of this marker decreases with
increasing cellular differentiation. Embryonic stem cells
are derived from the inner cell mass of the blastocyst,
which in turn gives rise to the epiblast. The epiblast, from
which the amnion is derived, gives rise to all 3 germ cell
layers. It is therefore possible that amniotic cells retain
epiblastic pluripotency. In addition, gastrulation plays an
important role in the differentiation and determination of
cell fate. Amnion forms prior to this phase and it is there-
fore possible that these cells are pluripotent.?’ Table 5
provides a comparison of the salient characteristics of
bone marrow, adipose tissue and amnion as sources of stem
cells.

Conclusion

Human amnion provides the plastic surgeon with an
incredibly versatile material. It is economical, widely
available, easy to harvest and store and has no ethical
constraints. Amnion contains a plethora of biological me-
diators and is a well-established alternative wound dres-
sing. It is biocompatible, highly conformable, thin, and yet
retains considerable tensile strength. Amnion can me-
chanically support and improve survival of transferred tis-
sue and, through the manufacture of vessel and nerve
conduits, may also directly contribute to neurovascular
reconstruction. Amnion has provided a vehicle for the
development of a novel photochemical tissue bonding
technique that has proved efficacious for the sutureless
repair of skin, tendon, nerve and vessel. Amnion may prove
useful as a biological scaffold for tissue engineering and is
emerging as an alternative source of multipotent and even
pluripotent stem cells. After more than a century of clinical

use, the application of human amnion in plastic and
reconstructive surgery continues to evolve.
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