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Abstract Amniotic membrane, the inner layer of the
placenta, has biological properties (e.g. promotes
epithelization, reduces fibrosis, secretes antimicrobial
products and inhibits immune responses) which make
it a useful option for several ophthalmologic proce-
dures, especially those involving the ocular surface. Its
use in eye surgery has been reported by other authors.
To our knowledge, there is a lack of descriptive studies
on surgical indications using amniotic membrane in
Mexican population. Here we describe the eight years
Amniotic Membrane Bank experience in Mexico,
including a detailed protocol of the donors selection,
tissue harvesting, preparation, storage and distribution
of amniotic membrane since its establishment in 2007.
Moreover, we describe the Ophthalmological indica-
tions of amniotic membrane transplantation of the
total of 1686 amniotic membranes fragments used
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during eight years. The five most common indications
for amniotic membrane transplantation were ptery-
gium (46 %), corneal ulcers (12.6 %), conjunctival
surface repair (11.1 %), neoplasms (7.4 %), and
persistent epithelial defects (7.3 %). In addition, we
compared the indications of amniotic membrane use in
two different types of Institutions: general hospitals
and ophthalmologic reference hospitals. We found
interesting differences between the indications and use
rates between these institutions, although pterygium
was the most frequent pathology that amniotic mem-
brane fragments were used in both institutions, there
was up to a five-fold increase in the use of amniotic
membrane for correction of persistent epithelial
defects in reference hospitals which could be
explained due to the more complex and severe
ophthalmological pathologies admitted in reference
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hospitals. In conclusion, Amniotic Membrane is used
in a numerous ocular pathologies and especially on
pterygium in our Mexican population.

Keywords Amniotic Membrane Bank - Ophthalmic
indications - Mexico - Pterygium

Introduction

Amniotic membrane is the inner layer of the placenta,
which is in contact to the amniotic fluid and the foetus,
this tissue comprises a single layer of ectodermally
derived columnar epithelial cells adhered to a base-
ment membrane that contains large amounts of
proteogylcans, which in turn is attached to an under-
lying layer of connective tissue. Mesenchymal fibrob-
last-like cells are immersed in the zona spongiosa with
abundant content of glycoproteins and proteoglycans,
this layer is in contact with the chorion (Mamede et al.
2012). It has been proposed that AM has multiple
mechanisms of action: promoting epithelization
(Mariappan et al. 2010), reducing fibrosis (Sant’ Anna
et al. 2011), secreting antimicrobial products (Stock
et al. 2007) and inhibiting the immune responses
(Dominguez-Lopez et al. 2014; Garfias et al. 2011).
Amniotic membrane tissue is immediately obtained
from elective caesareans in consented women; after
decontaminating the tissue by using a solution
enriched with broad-spectrum antibiotics solution for
24 h at 4 °C, the membrane is cut into 2 X 2 cm
pieces, placed on a nitrocellulose support and stored at
—80 °C until use (Madhavan et al. 2002). The
legislature of most of the countries requires serolog-
ical testing to identify active infections of the donor at
the time of donation, and in some cases a serological
re-testing to assure an appropriate “window period”
for certain microorganisms; consequently, AM is
mostly used preserved rather than fresh (Rahman
etal. 2009). For preserving AM, two methods are well-
accepted and comprise cryopreservation with glycerol
and freeze-drying (Riau et al. 2010). It has been
reported that cryopreservation using 50 % glycerol
effectively preserves the epithelium and basement
membrane, as well as it maintains the AM biological
properties (Thomasen et al. 2011). As AM is obtained
from a living donor and at least two serological tests
have to be performed to deliver the tissue for its use in
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the clinic, a bank of amniotic membrane is mandatory
in vision related institutions.

Although the use of AM in ophthalmology was first
reported in 1940, it was not until 1992 that its use
formally re-appeared as a significant tool in ocular cell
surface therapy (Dua et al. 2004); since then, it has
been extensively used. The AM can be employed as a
graft or as a patch to cover and repair cell surface
defects and surgical incisions performed during
surgery (Burman et al. 2004). When using as a graft,
AM is intended to be a scaffold for epithelial cells to
grow; while used as a patch, AM is considered to be a
biological bandage (Rahman et al. 2009). Currently,
there are many surgical indications of AM in ophthal-
mology, such as Stevens-Johnson syndrome, chemical
or thermal burns and ocular cicatricial pemphigoid,
bullous keratopathy, persistent corneal epithelial
defects, perforations, pterygium, tumours and sym-
blepharon amongst others (Rahman et al. 2009).

To our knowledge, there is a lack of descriptive
studies of the surgical indications using amniotic
membrane in Mexican population. The aim of the
present study was to describe the Amniotic Membrane
Bank function as well as to describe the AM ophthalmic
surgical indications of the Amniotic Membrane Bank
from the Institute of Ophthalmology “Conde de Valen-
ciana” from January 2007 to December 2014.

Materials and methods

The Ministry of Health granted the Amniotic Mem-
brane Bank of the Institute of Ophthalmology “Conde
de Valenciana” Registration number: 14-TR-09-015-
0006. Harvesting, preparation, storage, distribution
and follow-up of AM have been coordinated by the
Amniotic Membrane Bank of the Institute. A detailed
review of the Amniotic Membrane Bank records for
data validation was performed. Data including patient
age, sex, diagnosis and surgical indications were
collected from January 2007 to December 2014. From
1714 records, 1686 (98 %) were complete and
included for analysis.

Amniotic Membrane Bank protocol

1. Selection criteria. Women who underwent an
elective caesarean were invited to participate as
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possible donors. A strict clinical history as well as
a standardized behavioural risk assessment ques-
tionnaire on each possible donor was performed.
Pregnant women older than 18 years with 36 to
38 weeks of gestation were included. After a
careful explanation of donation, signed of a
written informed consent was obtained from all
possible donors. Women going into labour were
excluded. All women were asked to also donate
blood samples to perform serological tests at the
time of the surgery.

2. Amnion harvesting. Right after delivery, each
placenta was macroscopically examined and
roughly cleaned, foetal membranes such as
amnion and chorion were dissected from the
placenta, and located into a sterile recipient
containing balanced salt solution with antibiotics
and antimicotics, this procedure was performed at
the surgical room. The foetal membranes were
transported from the obstetrics hospital to the
amniotic membrane bank at 4-8 °C and were
maintained at that temperature for additional 24 h
in the same solution for decontamination.

3. Amnion preparation. Under a biosafety class 11
cabinet in a clean room, the amnion was carefully
and manually separated from the chorion, which
was discarded. The amniotic membrane was
placed on a nitrocellulose membrane with the
epithelium facing up and was cutin 2.5 x 2.5 cm
pieces, which were situated in borosilicate glass

recipients containing 10 ml of preservation media
(RPMI-glycerol) without antibiotics. Immediately
after, the membranes were frozen and maintained
at —80 °C until use. Representative samples of
amniotic membranes were randomly selected to
perform histopathological studies. Single layer of
columnar epithelial cells adhered on a basement
membrane and no leucocytes infiltrate were the
main histological characteristics of acceptance of
an amnion to be used into the clinic (Fig. 1).
During each critical procedure, such as collection,
transportation and preparation of amnion, at least
three samples were randomly obtained to perform
microbial cultures. All cultures must be negative
for an amnion acceptance to be used into the
clinic.

Amnion storage. Each amnion piece clearly
identified was placed on an ultra-freezer at
—80 °C. For at least 3 months. At the third month
after amnion harvesting, a second blood sample
was obtained from the donor to perform serolog-
ical tests. Table 1 summarizes serological tests
and acceptance values criteria.

Amnion distribution. When amnion was required,
a written solicitation was made to the Amniotic
Membrane Bank specifying the surgical indica-
tions, patient’s demographical data, among many
other data. All amnion pieces were sent on dry ice
in order to maintain the tissue frozen. For
distribution purposes, amniotic membranes were

Fig. 1 Amniotic membrane. Light microscopy photograph of
an amniotic membrane. A columnar epithelial cell layer is
attached to a basement membrane, which in turn is adhered to a
layer of connective tissue. Fibroblast-like cells are immersed in

g

the zona spongiosa which is in contact with the chorion (not
shown). Hematoxilin and eosin stained sample. Note the
absence of inflammatory infiltrate. Magnification at 63 x
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Table 1 Selection criteria
of serological tests results
for amniotic membrane
transplantation

Appropriate Rejected
Toxoplasma gondii
IeM Negative Positive or indeterminate
IeG Negative or Positive  —
Rubella
IgM  Negative Positive or indeterminate
IgG Negative or Positive = —
Cytomegalovirus
IgM  Negative Positive or indeterminate
IgG Negative or Positive — —
Herpes virus simplex 1
IeM Negative Positive or indeterminate
IgG Negative or Positive  —
Herpes virus simplex 2
IgM  Negative Positive or indeterminate
IgG Negative or Positive — —
Hepatitis B surface antigen Negative Positive or indeterminate
Hepatitis C Negative Positive or indeterminate
Hepatitis A IeM Negative Positive or indeterminate
IgG Negative or Positive  —

Human immunodeficiency virus 1
Humen immunodeficiency virus 2

Tripanosoma cruzi

Brucella
VDRL

Negative Positive or indeterminate
Negative Positive or indeterminate
Negative Positive or indeterminate
Negative Positive or indeterminate
Negative Positive or indeterminate

delivered either to reference hospitals (ophthal-
mological hospitals) or to general hospitals.

Quality control assessments: In all the above
processes rigorous quality control validations are
performed. For the selection criteria, it is needed
that a gynaecologist carefully selects the donor
paying special attention in the personal antece-
dents and in the absence of labour. In the hospital
there is a donor coordinator, who is in charged for
obtaining the consent of each patient; the Ministry
of Health authorizes this coordinator for such
activity. On amnion harvesting process there are
strict microbiology controls. Representative sam-
ples from the amniotic liquid and the placenta are
obtained in Stuart medium, which is then trans-
ferred to TSA (trypticase soy agar). For amnion
preparation representative samples for all solu-
tions are cultured on TSA. The gloves for each
participant on the preparation are exposed to TSA
petri dishes. At the final stage of the preparation,
representative samples of the solutions are
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cultured on TSA. In order to certificate that the
clean room as well as the Class II Biosafety hood
are adequate to prepare amnion, representative
parts of the clean room as well as the hood are
randomly selected to be cultured on TSA medium,
monthly. All the cultures are performed at 37 °C
in a microbiological hood for 48 h in which all
have to be negative for acceptance; meanwhile the
clean room as well as the hood presenting
<10 CFU/5 min are accepted. In the case of
fungi, all the samples are treated similarly, except
the medium is SDA (Sabouraud Dextrose Agar)
and the plates are incubated at 28 °C for 7 days,
the results have to be negative for acceptance.

Statistical analysis

Mean and standard deviation (SD) for age of the donor
and receptor, time in which AM was obtained and
delivered, and the number of AM by year was
calculated. Frequency and percentages of diagnoses
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and indications of the use of AM for the all sample and
by type of hospital (reference hospitals or general
hospitals) were calculated. Analysis was performed
using STATA/MP 13.1 (Stata Corporation, College
Station, TX, USA.).

Results
Amniotic membrane procuration

From July 2006 to December 2013, 46 amniotic
membranes were procured, processed and stored.
Seven of them were discarded because the selection
criteria of the serological results were not suitable for
transplantation (Table 1); meanwhile, 10 amniotic
membranes were designated for research purposes.
Therefore, 29 amniotic membranes were used for
clinical purposes. In total, 1914 (2.5 x 2.5 cm)
amniotic membrane fragments were appropriate for
ophthalmological surgeries. The mean number of
pieces obtained from each amniotic membrane was 66
(£5). The average age of the donor women was
31 years old (£6.3). (Fig. 2) Cephalopelvic dispro-
portion was the indication of the caesarean surgery in
all of the cases. The average time in which amniotic

46 collected amniotic
membranes

7 discarded amniotic
membranes unsuitable for
clinical purposes

10 amniotic membranes for
research purposes

29 amniotic membranes
suitable for use in humans

1914 AM fragments
delivered for
ophthalmologic purposes

1686 AM fragments
analyzed in the present
report

Fig. 2 Flowchart of the amniotic membrane selection on the
Amniotic Membrane Bank. From the total (46) collected
amniotic membranes, seven were discarded after strict selection
criteria, since the serological tests results were unsuitable for use
as a human transplant; meanwhile, ten of the total were
designated for research purposes. Twenty-nine amniotic mem-
branes were accepted for human transplantation. One thousand
nine-hundred and fourteen amniotic membrane fragments were
obtained, from which, 1686 are analyzed in this report

membrane was collected, processed and delivered was
three months.

Ophthalmological indications of amniotic
membrane transplantation

A total of 1686 amniotic membranes fragments were
used during a period of time of eight years. The
number of amniotic membranes used per year ranged
from 103 to 459. The mean age of patients was
48.9 years (£19.4) from which 822 (48.7 %) were
women and 863 (51.3 %) were men. The majority of
the patients 1035 (61.4 %) were from reference
hospitals, meanwhile 651 (38.6 %) patients were from
general hospitals distributed all over the country.
Considering the total of patients, the five most
common indications for amniotic membrane trans-
plantation were pterygium (46 %), corneal ulcers
(12.6 %), conjunctival surface repair (11.1 %), neo-
plasms (7.4 %), and persistent epithelial defects
(7.3 %). (Table 2) The distribution of main causes of
indications for AM transplantation between reference
and general hospitals was different. Although in both
types of institutions pterygium was the most indicated
pathology in which amniotic membrane was used,
around 60 % was distributed to general hospitals,
while 37 % of the amniotic membrane fragments were
used in patients in the reference hospitals for this
common pathology. In contrast to pterygium, amniotic
membrane was used in similar frequency for corneal
ulcers treatment, around 12 % of amniotic membrane
fragments were utilized in both kinds of institutions.

Table 2 Diagnoses and indications for amniotic membrane
transplants in Mexico from January 2007 to December 2014

Indication No. of cases Percentage
Pterygium 776 46.0
Corneal ulcer 212 12.6
Conjunctival surface repair 187 11.1
Neoplasm 124 74
Persistent epithelial defect 123 7.3
Burn 117 6.9
Thinning/perforation/Dellen 102 6.0
Corneal edema 15 0.9
Haze 5 0.3
Non specified 25 1.5
Total 1686 100
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The behavior of the amniotic membrane use in
conjunctival surface repair was slightly different in
both types of institutions, 12 and 9 % in reference
hospitals and general hospitals, respectively. Interest-
ingly, in the case of neoplasms, 9 % of the amniotic
membrane fragments were used in reference hospitals,
while only around 5 % of the pieces were indicated in
general hospitals. Similarly, in persistent epithelial
defects, amniotic membrane pieces were used four
times more frequently in reference hospitals (10.5 %)
than in general hospitals (2.2 %) (Table 3).

Discussion

In the present study we have described the function of
our Amniotic Membrane Bank. In this context, the
selection criteria of donor women as well as the
amniotic membrane preparation are similar to those
proposed by other authors (Cirman et al. 2014; Paolin
et al. 2015). Principal differences are found in the
preservation procedure, for example, Paolin et al.,
perform the cryopreservation process with a pro-
grammable cryogenic freezer and maintain the amni-
otic membrane fragments at —180 °C in vapour phase
liquid nitrogen, in contrast and similar to our tech-
nique, Cirman et al., preserve the fragments of amnion
at —80 °C. Interestingly, Laurent et al. (2014) deter-
mined that cryopreservation at —80 °C is an appro-
priate temperature for preserving at least 40 % of cell
viability. Whether differences on temperature affect

final clinical results is still a matter for further studies.
Another critical issue is the execution of a second
serological test from the donor, in order to identify
possible pathogens in a “window period”. In our
Amniotic Membrane Bank we routinely perform a
second serological test for each donor (Table 1);
however, the implementation of the use of nucleic acid
amplification test (NAT) as it is currently performed in
other amniotic membrane banks (Cirman et al. 2014),
will significantly narrow the window period (Busch
et al. 2005; Weusten et al. 2011). In our protocol of
amniotic membrane preparation we have considered
mandatory to perform histological description,
because it has been clearly determined that leukocytes
infiltrating the amnion indicate an intrauterine infec-
tion (Holzman et al. 2013), risking the receptor health.
Moreover, labour is one of our exclusion criteria; this
is supported because it has been demonstrated that
uterine labour is an inflammatory process consisting of
leukocytes and pro-inflammatory cytokines presence
on amnion tissue (Osman et al. 2003). Therefore, when
histological analysis is performed, all observations
have to be negative for leukocyte infiltrate into the
amniotic membrane. For preservation purposes, the
AM fragments are commonly stored no more than two
years at —80 °C (Cirman et al. 2014), however in our
study, three months was the average conservation
time, this could be due to a high utilization amniotic
membrane rate amongst reference and general hospi-
tals and a low amniotic membrane procuration rate in
our Tissue Bank. Although the use of amniotic

Table 3 Comparison of Diagnoses and indications for amniotic membrane between institutions

Indication Reference hospitals General hospitals Total no.
no. of cases (%) no. of cases (%) of cases
Pterygium 384 (37.1) 392 (60.2) 776
Corneal ulcer 131 (12.7) 81 (12.4) 212
Conjunctival surface repair 127 (12.3) 60 (9.2) 187
Neoplasm 93 (9.0) 31 (4.8) 124
Persistent epithelial defect 109 (10.5) 14 (2.2) 123
Burn 84 (8.1) 33 (5.1) 117
Thinning/perforation/Dellen 76 (7.3) 26 (4.0) 102
Corneal edema 12 (1.2) 3(0.5) 15
Haze 5 (0.5) 0 (0.0) 5
Non specified 14 (1.4) 11 (1.7) 25
Total 1035 (100) 651 (100) 1686
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membrane in ophthalmology has been reported since
1992 (Dua et al. 2004), it was not until 2014, that
Mexican Health Legislation considered for the first
time the existence of Amniotic Membrane Banks in
Mexico to be used for transplantation purposes. In
2003 the first Amnion Bank was described in Mexico
in which radiosterilization is included on the preser-
vation technique, however, no further information
about its activity has been published (Esther Martinez-
Pardo and Lourdes Reyes-Frias 2003). Our Amniotic
Membrane Bank was established as a research project
with a Federal Grant support from the National
Council of Science and Technology (CONACYT-
SALUD-CO01-076) on 2004, and started activities at
the beginning of 2007. Currently, we have two
agreements to obtain Amniotic Membrane Tissue,
one is with the Mexican City Government and the
other is with a Private General Hospital. It is important
to mention that function protocol was adapted from the
Banque de Tissus Humains at the Saint Louis Hospital
in Paris, France.

Our results show that pterygium is the most
frequent ocular surface pathology (46 %) in which
amniotic membrane is used. These results are in
accordance to those recently described by Yang et al.,
who reported 48 % of pterygium cases treated with
amniotic membrane (Yang et al. 2014). It has been
reported that pterygium is a frequent disease in
population living close to the equator, thus the
common factor appears to be the latitude, since
pterygia primary occur within the peri-equatorial
“pterygium belt” which is located within latitudes
37° north and south of the equator and Mexico is
situated in this “pterygium belt” (Nava-Castaneda
et al. 2015). This could explain the high frequency
indication of amniotic membrane in pterygium in our
population. In general hospitals the frequency of use of
amniotic membranes for pterygia treatment was 60 %,
in comparison to 37 % in reference hospitals, a
possible explanation of this difference is because
there is an increase in more rare ocular surface
pathologies in reference hospitals than in general
hospitals; for example, amniotic membrane is used
almost five more times on persistent epithelial defects
in reference hospitals than in general hospitals,
similarly occurs when analysis is made on neoplasms,
amniotic membrane is used almost two times more in
reference hospitals than in general hospitals. Yang
et al., who reported the indications of amniotic

membrane grafts in Ontario, present similar results,
except that the use of amniotic membrane on neo-
plasms precedes persistent epithelial defects (Yang
et al. 2014); although it is not explicitly referred on the
text that the surgeries were performed on reference
hospitals, there is evidence that 97 % of all the
reported surgeries were performed by ophthalmologic
subspecialties surgeons. These results suggest that
reference hospitals are in charged to treat more rare
and complicated cases of diseases. Interestingly, the
use frequency of amniotic membrane on corneal ulcers
was similar on both general and reference hospitals
(12 %), ranking the second place of our list after
pterygium (46 %). In contrast, corneal ulceration is
the most frequent condition treated by amniotic
membrane transplantation with up to 45 % of the
total treated patients in an Italian report (Paolin et al.
2015). This discrepancy on the uses of Amniotic
Membranes suggests the different diseased population
on which Amniotic Membrane is being used depend-
ing on the region.
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