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ABSTRACT

Amniotic membrane (AM), the most internal placental membrane, has unique
properties including antiadhesive effects, bacteriostatic, wound protection and
pain-reduction properties, as well as epithelialization initialization capacities.
Furthermore, AM is widely available and less costly than other bioengineered
skin substitutes. In a prospective pilot study, we evaluated the safety, feasibility,
and the effects on healing of AM graft in 15 patients with chronic venous leg
ulcers. AM grafts were prepared from placentas harvested during cesarean sec-
tion. All grafted AM had adhered to the wound bed 7 days after being applied
with a 100% engraftment rate. The percentage of granulation tissue increased
significantly (from 17% on day 0 to 69% on day 14, p < 0.0001), along with a
significant decrease of fibrinous slough (from 36% at day 0 to 16% at day 14,
p < 0.001). A significant clinical response occurred in 12 patients (80%) includ-
ing complete healing (20%) in three during the 3-month follow-up period. The
ulcer surface area decreased significantly from a mean value (� standard devia-
tion) of 4.59� 2.49 cm2 at baseline to 2.91� 2.01 cm2 on day 30 (p < 0.001). All
patients experienced a significant reduction of ulcer-related pain rapidly after
AM transplantation. No adverse events were recorded. AM transplantation
seems to function as a safe substrate, promoting proper epithelialization while
suppressing excessive fibrosis. Further advantages of biotherapy with AM are its
easy and low-cost production, and that it can be applied as an ambulatory treat-
ment without immobilization. AM transplantation may thus be considered to be
an alternative method for treating chronic leg ulcers.

Healing of chronic leg ulcers constitutes a major clinical
challenge not only because of their high prevalence, re-
fractory nature, impact on patients’ quality of life, mor-
bidity, and mortality but also because of their economic
consequences on the health care system.1 For these recal-
citrant leg ulcers, the current invasive treatment of choice
is autologous skin graft (meshed split-thickness or pinch
grafts). Despite possible ambulatory application, this usu-
ally requires hospitalization for several days and has risks
of morbidity at the donor site.2 Allogeneic and autologous
skin substitutes have been successfully tested and ap-
proved by the US Food and Drug Administration.3 How-
ever, the costs of treatment with these skin substitutes
remain too high for routine clinical use.

Fetal membranes are tissues of particular interest for
several reasons, including their role in preventing rejection
of the fetus and their early embryologic origin. These re-
sults may be explained by the peculiar immunologic char-
acteristics and mesenchymal stem cell-like phenotype of

these cells. Amnion and chorion cells may represent an ad-
vantageous source of progenitor cells, with potential ap-
plications in a variety of cell therapy and transplantation
procedures.4 The amniotic membrane (AM), the most in-
ternal placental membrane, is collected upon delivery by
elective cesarian section and can be cryopreserved until its
use as a biological bandage or as a substrate for epithelial
growth in the management of various ocular surface con-
ditions.5 AM may thus be considered as a biotherapeutic
product composed of a single layer of epithelial cells that
lie on a basement membrane, and of a nonvascular col-
lagenous stroma. These three components give AM its
beneficial properties, including antiadhesive effects, bacte-
riostatic properties, wound protection, pain reduction,
epithelialization effects, and seems not to induce immuno-
logical reactions.5–8

Based on the efficiency observed in ophthalmology,5–8 we
wished to evaluate the use of AM as a wound dressing in
chronic leg ulcers. We thus performed a prospective pilot
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feasibility study on 15 patients with chronic leg ulcers to
evaluate the effects and the safety of AM transplantation.

MATERIALS AND METHODS

Patients

With the approval of our local ethics committees (Be-
sançon University Hospital, France) and a written in-
formed consent from the patients, 15 patients (five males
and 10 females with a mean age of 79 years [range 74–82
years]) presenting with a venous leg ulcer were included in
a prospective uncontrolled study. Inclusion criteria includ-
ed: age 18 years or older; the presence of at least one ve-
nous ulcer with a reference surface of 5–25 cm2; no
tendency for healing in the past 3 months despite conven-
tional medical treatment; established venous insufficiency
confirmed by venous duplex ultrasound; and the absence
of significant arterial insufficiency assessed at clinical ex-
amination and by the presence of a systolic homolateral
ankle-brachial index >0.85.9 Two patients with moderate
arterial disease who had an ABPI of 0.85 were included.
All the remaining patients had an ABPI >0.9. Patients
were excluded if they had an unstable study ulcer (>30%
reduction change in the wound area in the last month).
Exclusion criteria were also inflammatory angiopathy and
severe neuropathy in the reference leg, tendon, or bone ex-
posure in the reference ulcer, abnormal hematologic pa-
rameters or severe systemic disease. The primary objective
of our study was to evaluate the take rate of AM. The sec-
ondary objectives were the evaluation of the effect on
different healing parameters (ulcer assessment), and the
effects on ulcer-related symptoms.

AMs

AM grafts were prepared from placentas harvested during
Cesarean section. Eligible mothers were accepted for AM
donation after a medical interview and a written informed
consent. Under sterile conditions, the amnion was sepa-
rated from the chorion by blunt dissection and washed and
stored for a minimum of 12 hours with a saline solution
containing gentamicin 0.32mg/mL (Panpharma, Fou-
gères, France). The tissues were processed inside the clean
room of the Cell, Tissue and Gene Therapy Unit (Etablis-
sement Français du Sang, Besançon, France). Under a
laminar air hood, the amnion was flattened onto sterile
nitrocellulose paper (Schleider and Schuell microscience,
Dassel, Germany), with the basement membrane surface
up. The paper with the adherent membrane was then cut
into 5 cm�5 cm segments and stored at �80 1C in a sterile
vial containing glycerol and modified Dulbecco’s modified
Eagle’s medium (Cambrex, Verviers, Belgium), Penicilin/
Streptomycin 1% (Cambrex, Verviers, Belgium), and
dimethyl sulfoxide (DMSO) 10% (BraunMedical, Ludres,
France). The risk of infectious disease transmission by the
use of amnios membrane is considered to be similar as to
blood products. However, due to processing in an ‘‘open’’
system from the recovery at maternity to the end of pro-
cessing before delivery to the transplant center, three bac-
teriology tests were performed: one on the transport
medium used to recover and ship the tissue, the washing

medium used before processing, and the conditioning me-
dium used for cryopreservation. Quality controls included
microbiological tests on all liquid media entering in con-
tact with the tissue, histology analysis, testing maternal
blood samples for infectious markers (HIV, HCV, HBV,
HTLV, syphilis) and the presence of immunoglobulin
G (IgG) and IgM antibodies against toxoplasmosis, Ep-
stein-Barr virus (EBV), and cytomegalovirus (CMV), on
the day of birth and after a quarantine period of at least
60 days.

Treatment procedure

Patients were treated as outpatients at the Wound Care
Clinic (SCR, University Hospital, Besançon, France). The
ulcer was cleaned and irrigated with saline. No debride-
ment was performed. For the transplantation, AM was
placed epithelium on the top and the basal membrane fac-
ing the surface of the ulcer (downward on the ulcer bed).
The graft was then covered with a lipidocolloid dressing,
Urgotul (Laboratoires Urgo, France). Compression ban-
dages or compression stockings of level II or III were re-
placed after each application. Dressings were changed
once weekly until either complete healing (full
epithelialization) or 12 weeks of treatment. The study pe-
riod duration was 3 months.

Ulcer assessment

The take rate of AMwas documented 7 days after grafting
by counting the number of AM adhering to the wound
bed. Ulcer evaluation was performed at the time of trans-
plantation and days 7, 14, 21, 30, 60, and 90 after AM
transplantation. The parameters recorded during each vis-
it included: diameters of the ulcer, percentages of granula-
tion tissue and fibrinous slough on the ulcer bed, and
aspect of the surrounding skin. Surface evaluation was
calculated using Visitrakn (Smith and Nephew, Hull, UK)
digital planimetry at each evaluation.10

Ulcer-related symptom assessment

Local pain score was assessed using a 101-point (0–100)
visual analogue scale, with 0 indicating no pain and 100
the worst pain imaginable. In addition, analgesic drugs re-
quired were recorded and classed into three levels accord-
ing to the WHO analgesic ladder.11 Any adverse reactions
were also recorded. Swabs for bacterial cultures were tak-
en during each dressing change. Detection of serum anti-
body against class I human leukocyte antigen (HLA)
antigen was performed monthly during the 3-month study
period.

Statistical analysis

Because of the low number of patients (n515) and the lack
of normal distribution of values, we used a nonparametric
ranking test, i.e., Friedman’s test (paired data at each time
point). A value of p < 0.05 was considered to be statisti-
cally significant (Statistican software: www.statsoft.fr).
The error bars in the graphs represent the standard
deviation.
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RESULTS

Effect of AM on healing

In total, 15 AM were applied on 15 chronic venous leg ul-
cers. All these AM had adhered to the wound bed by 7
days after transplantation and the take rate of AM was
100% (Figure 1). All patients were followed up for 90 days
after AM transplantation. The percentage of fibrinous tis-
sue (mean � standard deviation) decreased significantly
and rapidly (from 36� 28% on day 0 to 25� 22% by day
30, p < 0.001), and then increased to 37� 28% by day 90
(Figure 2A). Simultaneously, the percentage of granula-
tion tissue increased significantly (from 16� 24% on day 0
to 56� 33% on day 30, p < 0.0001), and then decreased to
25� 24% by day 90 (Figure 2B). No significant effect was
seen at day 7, but the greatest effect was observed at day 14
for both parameters (16� 18 and 69� 28%, respectively).
The percentages of fibrinous and granulation tissues at
days 60 and 90 did not significantly differ from the
baseline values. A significant clinical response, defined
as at least a 50% reduction of the baseline ulcer surface
area, occurred in 12 patients (80%), including three
complete healing (20%) during the 3-month follow-up pe-
riod. Treatment failure defined as an increase in ulcer size
during the study period was observed in three patients
(20%). The ulcer surface area decreased significantly
from a mean value of 4.59� 2.49 cm2 at baseline to
2.91� 2.01 cm2 on day 30 (p < 0.001). Reepithelialization
occurred from the wound margins, the so-called edge
effect. In addition, despite an increase of fibrinous tissue
along with a decrease of granulation tissue observed after
day 30, the effect on healing stabilized, and there were no
significant changes in ulcer dimensions from day 30 to 90
(Figure 2C).

Ulcer-related symptoms

After AM transplantation, the reduction in the level of
pain (Figure 3A) was significant (p < 0.0001) from day
0 to 90 (36� 22.9 to 10� 13.6) as the level of analgesia

required by the patients (1.6–0.8) (Figure 3B). Pain relief
was rapid and maximal at day 7 and then stabilized.

Safety of AM

No adverse events were recorded. AM was well tolerated
and the surrounding skin did not show any irritative der-
matitis in all patients. Bacterial colonization was not mod-
ified during the study and no wound infection was
observed during the study period. Antibody to class I
HLA antigen was detected in one patient (day 30) but was
found to be negative 1 month later.

DISCUSSION

To our knowledge, there is no reported prospective study
evaluating the potential of the AM in the treatment of
chronic venous leg ulcers. However, the role of AM in the
healing of ulcers of different origin has already been dem-
onstrated.12 Our study was designed as a proof-of-concept
study with the intentions of testing the safety and the effect
on healing of AM. Although the design of our study is not
appropriate to conclude on the efficacy of AM, we dem-
onstrate that AM transplantation can be useful and safe to
promote epithelial healing of chronic venous leg ulcers.
Indeed, compression bandages or compression stockings
were applied after each AM application and it is well
known that these procedures are effective in ulcer healing.
The only conclusion that can be drawn is that AM graft is
not deleterious in terms of promoting ulcer healing. As
observed previously with other allogeneic skin substitut-
es,13,14 AM transplantation on the ulcer bed markedly and
rapidly reduced fibrinous slough without any other debri-
dement, promoted the formation of granulation tissue,
and reepithelialization from the wound edges.15

In our study, a significant reduction (defined as at least
50%)16 of the baseline ulcer surface area occurred in 80%
of the patients, including 20% of complete healing during
the 3-month follow-up period. However, nine patients still
had ulcers at the end of the study. In three patients, treat-
ment failure could be related to a lack of observance of
compression bandages or ulcer chronicity (duration >2
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Figure 1. Use of amniotic membrane (AM)

on leg ulcers: (A) patient 2, (B) patient 8.

D-1, before AM transplantation; D0, imme-

diately after AM transplantation.
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years) and/or associated arterial disease. However, as
shown previously,17 all patients experienced a rapid sig-
nificant reduction of ulcer-related pain after AM trans-
plantation.

During the 3-month follow-up, it was remarkable to
note that the beneficial effect of AM on all the above pa-
rameters was maximal between days 14 and 30 after trans-

plantation and did not improve afterward. In addition,
despite an increase of fibrinous tissue along with a decrease
of granulation tissue after day 30, the reduction of the
ulcer surface persisted. We do not have any clear
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Figure 3. Pain-related assessment. The difference between

the baseline values and values at days 7, 14, 21, 30, 60, and

90 was statistically significant (p < 0. 001 by analysis of Fried-

man’s test). (A) level of pain; (B) level of analgesia according to

the WHO ladder.8 The error bars in the graphs represent the

standard deviation.
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Figure 2. Evaluation criteria before and after amniotic mem-

brane transplantation (n515) in the period of 90 days. (A) fibrin-

ous tissue; (B) granulation tissue; (C) ulcer area. The difference

between the baseline values and values at days 14, 21, and 30

was statistically significant (p < 0. 001 by analysis of Fried-

man’s test), but not with values at days 7, 60, and 90. As

shown, despite an increase of fibrinous tissue along with a de-

crease of granulation tissue observed after day 30, the reduc-

tion of ulcer surface persisted. This suggested the initiation of a

persistent wound-healing process induced by an amniotic

membrane graft. The error bars in the graphs represent the

standard deviation.
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explanation for this observation but we can hypothesize
that allogeneic AM does not survive in chronic wounds
after 2–4 weeks. The longevity of another allogeneic skin
substitute in venous leg ulcers has been investigated previ-
ously.18 Allogeneic DNAwas detected 1 month after graft-
ing but did not persist at 2 months. Altogether, these
results indicate that allogeneic skin substitutes may bene-
fit chronic leg ulcers as a temporary wound coverage or as
a stimulus for wound healing.18 The fact that the healing
benefit still persists after 4 weeks suggests the initiation of
a persistent wound-healing process induced by an AM
graft. The stimulatory effect on epithelialization from the
ulcer bed and /or the wound edge is considered to be me-
diated by growth factors and progenitor cells released by
AM.4,19 The lack of long-term persistence of AM in chron-
ic leg ulcers might be mostly in relation to the highly
inflammatory environment of the leg ulcer, although im-
mune-mediated rejection could also be contributory. De-
spite a transient class-I HLA antibody response detected in
one patient and strong class I expression observed in the
amniotic epithelium, mesenchymal cells, and fibroblasts in
cryopreserved AM,20 AM seems to be an immune-privi-
leged tissue and to contain immunoregulatory factors, in-
cluding HLA-G and Fas ligands which may account for
the fact that immunological rejection after AM transplan-
tation has not yet been observed in an immune-privileged
site: the eye6,20 vs. the skin here.

In conclusion, AM transplantation seems to function as
a safe substrate, promoting proper epithelialization while
suppressing excessive fibrosis. Further advantages of bio-
therapy with AM are its easy and low-cost production, and
that it can be applied as an ambulatory treatment without
immobilization. The cost of each 25 cm2 AM was 120
Euros including processing, microbiological testing, and
storing (i.e., 4.8 Euros/cm2). The market price of either
autologous or allogeneic epidermal sheets graft varies
from 5 to 15 Euros/cm2 as compared with 0.03 Euros/cm2

for hydrocolloid or alginate dressings. In addition, the
longevity of AM is supposed to be about 3 weeks as com-
pared with 5 days for conventional dressings. AM trans-
plantation may thus be considered as an alternative
method for treating chronic leg ulcers. However, because
of the lack of long-term persistence of AM in the ulcer bed,
it would be worth testing repeated applications of AM ev-
ery 2–4 weeks as there is no associated morbidity. Alto-
gether, the advantages and the wide availability of AM
should allow cost-effective and efficient management of
chronic leg ulcers. After treatment optimization (i.e., eval-
uation of repeated applications), a randomized study com-
paring AM with alternative allogeneic or autologous skin
substitutes will be warranted to firmly establish the thera-
peutic potential associated with the use of AM to treat leg
ulcers.
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