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Objective: To compare the healing process of pressure ulcers treated with cryopreserved human amniotic
membrane allograft and routine pressure ulcer care in our hospital.

Methods: From January 2012 to December 2013, in a prospective randomized clinical trial
(IRCT201612041335N2), 24 patients with second and third stage of pressure ulcers were enrolled in this
study. All patients needed split thickness skin grafts for pressure ulcer-wound coverage. Selected patients had
symmetric ulcers on both upper and lower extremities. The patients were randomly divided into two groups:
amnion and control. In the amnion group, the ulcer was covered with cryopreserved amniotic membrane and
in the control group it was treated with local Dilantin powder application. The duration and success rate of
complete healing was compared between the two groups.

Results: The study group was composed of 24 pressure ulcers in 24 patients (19 males and 5 females) with
a mean age of 44+12.70 years. The demographic characteristics, ulcer area, and underlying diseases were
similar in both groups. The early sign of response, such as decrease in wound discharge, was detected 12-14
days after biological dressing. Complete pressure ulcer healing occurred only in the amnion group (p<0.001).
Partial healing was significantly higher in the amnion group (p<0.03). Healing time in this group was faster
than that the control group (20 days versus 54 days). No major complication was recorded with amniotic
membrane dressing.

Conclusion: Cryopreserved amniotic membrane is an effective biologic dressing that promotes re-
epithelialization in pressure ulcers.
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Introduction

Pressure ulcer is a localized injury to the skin
and/or underlying tissue and usually develops
over a bony prominence, as a result of pressure,
shear and/or friction. The sacrum and the heel are
especially prone to development of pressure ulcers
[1, 2]. Patients with impaired mobility such as stroke,
unconsciousness, or spinal cord injury are most
vulnerable to pressure ulcers. The overall prevalence
of pressure ulcers was 27% in long term [1-3]. Other
factors such as old age, poor nutrition, poor sensation,
urinary and fecal incontinence, and individuals with
dementia or other cognitive disorders are susceptible
to pressure ulcer [2-4]. Wounds usually heal in three
phases including inflammatory phase, a proliferative
phase with migration of fibroblasts and deposition of
extracellular matrix, and a remodeling phase with
cross-linking and reorganization of the collagen
matrix [1, 5]. In pressure ulcers, the above processes
are often locked into a state of chronic inflammation
and no healing occurs [1, 5]. Pressure ulcers need
frequent hospitalization. For example, in pressure
ulcer with stage III or IV, complete healing may
take as long as 6 months [1]. The cost of healing in
pressure ulcer is high and also it affects the quality
of life. This event has a four-fold increased risk of
death, especially among the elderly patients [3, 6, 7].

Current practice for treatment of pressure ulcers
includes cleansing with normal saline solution,
debridement to remove the necrotic tissues and
dressings to provide a moist wound environment
[8, 9]. Treatment of the underlying cause, correcting
the nutritional deficiencies and frequent position
changing of patients to provide pressure relief are
other important points that accelerate the process
of healing [9, 10].

Traditional dressings include gauze moistened with
saline or paraffin impregnated gauze.

Other types of dressing such as hydrocolloid,
polyurethane foam, hydropolymer, hydrocellular, and
alginate are also used with different advantages and
disadvantages [11-13]. Conventional dressings require
frequent changes which can be painful and may
even require anesthesia. Additionally, superimposed
infection may also develop in this setting [1, 11].
Human Amniotic Membranes (AM) is a natural
biological scaffold with many documented clinical
applications for more than one century [14, 15].

The first documented use of amniotic membranes
as a surgical dressing in skin transplantation was
reported by Davis in 1910. They reported that this
biological material had better results in wound
healing when compared with xenograft or cadaveric
coverings [16]. After that, AM has been frequently
used in burned and ulcerated skin surfaces to
facilitate the epithelial ell migration and promote
healing [17].

Another popular application of the AM is in
ophthalmology [15]. It has been used in conjunctival
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reconstruction [18] glaucoma [19], burn [20],
pterygium [21] and bullous keratopathy [22]. AM
has also been successfully applied in different
clinical conditions such as vaginal reconstruction
[23], abdominal surgery with an enterocutaneus
fistula, gastroschisis and omphalocele in infants [24].
Several medical reports have described the amnion
tissue as a biological dressing in treatment skin loss
in Stevens-Johnsons diseases [25], replacement of
normal nasal mucosa in Rendu-Osler-Weber diseases
[26], periodontal surgery [27, 28], and management
of conjunctival defects [29, 30].

Amnion has also been used in chronic varicose
ulcers, decubitus ulcers and open infected wounds
with good outcome [31, 32]. Excellent results have
been obtained in treatment of second and third
degree burns and open infected wounds [32, 33].

The AM contains many growth factors that
participate in wound healing, including platelet-
derived growth factor, basic fibroblast growth
factor (bFGF), transforming growth factor beta
1 (TGF-B1), epidermal growth factor (EGF), and
placental growth factor [34, 35]. Other cytokines
like interleukins (IL-1Ra, IL-4 and IL-10) and the
Tissue Inhibitors of Metalloproteinase (TIMP-1,
TIMP-2, TIMP-4, TIMP-b) are also present in the
amniotic membrane [34, 35]. TIMPs are involved
in degradation of the extracellular matrix and may
play a key role in the release of pressure ulcers. The
purpose of this study was to compare the duration
and success rate of complete healing in pressure
ulcer with and without using amniotic membrane.

Materials and Methods

Preparation of Amniotic Membrane

Amnion from elective cesarean sections was used
with no history of premature rupture membranes,
endometritis or meconeum ileus. The informed
consent was obtained from pregnant women for
donation and use of AM. The mothers’ blood was
tested for Hepatitis B (HBS Ag, anti HBe Ab)
and C (anti HCV Ab), Rapid Plasma Reagin for
Syphilis, and Human Immunodeficiency Virus 1
and 2 (anti HIV- Ab 1&2). In sterile condition, under
lamellar flow hood, the placenta with adherent fetal
membranes was washed with Phosphate Buffer
Saline (PBS) containing 50 pg/ml penicillin, 50
ug/ml streptomycin, and 2.5 ug/ml amphotericin B.

The amnion was easily separated from the chorion
by blunt dissection and washed several times with
PBS. Then, it was flattened onto a nitrocellulose
membrane (Whatman, Schleicher and Schuell
optitaran BA-S 85) with the epithelial surface up.
The membrane with the filter was washed with PBS
and 5x5 and 10x10 cm pieces were made. Each of
them was subsequently immersed in 4%, 8% and
12% Dimethyl Sulphoxide (DMSO) phosphate
buffered saline for 5 minutes and finally placed in a
sterile vial containing 12% DMSO medium (Sigma).
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DMSO is a standard cryopreservative substance.
One placenta can provide four to five AM fragments
5x5 cm in diameter or 2 fragment of 10x10 cm. Vials
were frozen at -80°C in our “Amnion Bank” [36,
37]. The microbiology culture was used in order to
ensure the sterility of the membrane. The membrane
was easily defrosted before use by warming in room
temperature, and rinsed two times in normal saline
and after that it was used to cover the patient’s ulcer.
For evaluation of cell viability, Fluorescein Di acetate
(FDA) (Sigma, Germany) was used to detect the
viable cell. After thawing in room temperature and
2 times washing with normal saline, the membrane
was incubated with FDA at room temperature for
5 minutes in the darkness. Staining solution was
removed and washed with PBS. The sample was
analyzed with fluorescent microscopy (Olympus,
Japan). There were few scattered viable cells. When
compared with a fresh sample before freezing, the
number of viable cells was not different

Patient Screening, Eligibility, and Randomization

This prospective, randomized, controlled trial
(IRCT 201612041335N2) was conducted in
hematology-oncology, neurology and trauma wards
in Nemazee Hospital, which is affiliated to Shiraz
University of Medical Sciences, from January 2012
to December 2013.

The study is registered at the Iranian Registry of
Clinical Trials (IRCT 201612041335N2).

All eligible patients who wished to participate
and meet the inclusion criteria were enrolled in this
study. The study design conformed to the ethical
guidelines of the 1975 Declaration of Helsinki, and
the Ethics committee of our university confirmed the
study design. The informed consent was obtained
from all participants.

In order to facilitate the complete and un-bias
reporting of trials findings, we followed the CONSORT
(Consolidated Standards of Reporting Trials) statement
which was updated in 2010. This is an evidence-based
minimum set of recommendations for reporting of
randomized clinical trials and consists of a checklist
and flow diagram. The CONSORT flow diagram of
the study is demonstrated in details (Figure 1).

Simple randomization was carried out using a block
randomization and no blinding was carried out.
Also, staging of pressure ulcer was done by using
the classification system made by National Pressure
Ulcer Advisory Panel (NPUAP) and EPUAP [38].

The inclusion criteria were patients with stage II
and III pressure ulcer; age >18 years; those able
and willing to participate in study procedures with
follow-up evaluations; and those with no clinical
signs of infection.

The exclusion criteria included known or suspected
malignancy of the current ulcer; stage I and IV
pressure ulcer; pregnant or breast feeding women,;
previous treatment with biomedical or topical growth
factor for wound healing; and participation in another
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clinical trial.

Study Treatment

Subjects who continued to meet the study
inclusion criteria were randomized to receive
either the amniotic membrane allograft (amnion
group) or routine regimen of wound care alone
(control group). The pressure ulcers were cleansed
with a sterile physiologic saline solution (rinsing,
swabbing or irrigating), followed by debridement of
the superficial dead skin with scalpel and encrusted
exudates by washing with a mild povidone—iodine
soap solution. Repeated changing position every 2-3
hours was done in all patients.

In the control group, the ulcer care was only
debridement of the necrotic parts with scalpel, washing
and cleaning with mild povidone —iodine soap solution,
and local therapy with Dilantin powder [13, 39].

Inthe amnion group, after debridement and washing,
the sterile AM was applied aseptically on the ulcer
bed to cover the entire area. The cryopreserved AM
was cut to size with a 15-blade scalpel, and placed
over the ulcer site, ensuring that the membrane was
consistently covering the entire wound surface. The
membrane was applied in a way that no air bobble
enclosures occured under the membrane.

It was left uncovered and undisturbed for a few
minutes and then covered by moist gauze dressing
until changing the next dressing. In the areas that
were likely to come in contact with the bed, like
the back, the ulcer area was protected with a gauze
dressing and balloon ring bandage.

Application of AM occurred every 2-3 days during
the study period until complete epithelialization
occurred, the patient was withdrawn, or the study
was completed.

The site of pressure ulcer for evaluation of infection
and healing was assessed by the residents and the
attending staff. Daily follow-up was done to detect
the ulcer size and healing rate. The recovery was
evaluated daily by the measurement of the wound
surface area. Ulcer measurement was done with a
graded centimeter ruler (length, width and depth) in
all patients. The wound area was also calculated by
multiplying the width (cm)xlength (cm). Any unusual
signs and symptoms of clinical infection or allergic
reactions were recorded. After wound measurement,
the entire wound was digitally photographed.

A scar assessment of the ulcer sites was performed
using the Modified Vancouver Scar Scale (MVSS).

The patients completed the study 8 weeks after
the first treatment visit. In patients whose ulcer
closed prior to this point were considered as having
completed the study. In every visit, the percentage
area reduction was calculated for the wound. Partial
healing means reduction in the ulcer area by 50%
or less. Wounds were defined healed if complete
(100%) epithelialization occurred without drainage
and need for dressing. Validation of healing was
confirmed by an independent panel of physicians,
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including a vascular surgeon, a plastic surgeons, and
a general surgeon.

Statistical Analysis

Sample sizes of 12 in each group were selected
to achieve at least 80% power and the level of
significance was 0=0.05 and f=20%. The study
primary endpoint was comparison of proportion
of wound healing at eight weeks between the two
treatment groups.

All the analyses were performed using the SPSS
statistical software, version 16 (SPSS Inc, Chicago,
[11, USA). The results are expressed as mean+SD. The
mean and standard deviation (SD) were calculated,
using the aforementioned software. The y* test was
used for comparing non-continuous variables (sex)
and T-test was applied for comparing the continuous
variables such as age and laboratory data. p<0.05
was considered statistically significant.

Results

Twenty four patients, 19 male and 5 female, with
a mean age of 44+£12.70 years with pressure ulcer
divided into the controls and amnion groups were
studied. The size of pressure ulcers ranged from
2x1.6 cm to 9x6 cm, and the area of ulcers in the
amnion group was 3.2 cm? to 54cm?. In the control
arm, the sizes of ulcers were from 1.5x2 cm to 7x8
cm and the areas of ulcers were 3 to 56 cm?. The
demographics, clinical and para-clinical data of the
patients are summarized in Tables 1 and 2.

The ulcer distribution was also similar in two
arms, with the most prevalent area being in the
sacrum. The underlying diseases were solid tumors,
multiple traumas, multiple sclerosis, cord injury and
diabetes. Six patients in both groups had symptoms

Table 1. Demographic features of enrolled patients

of infection and received intravenous antibiotic.

Complete ulcer healing only occurred in the amnion
group during 16 to 30 days (p<0.001) (Figures 2
and 3). In the control group, none of the patients
had complete healing, and only partial healing
was detected in three patients. Partial healing was
significantly higher in the amnion group (p<0.03). In
these cases, re-epithelialization occurred underneath
the membrane (Figure 4). Healing time in the amnion
group was faster than that in the control group (20
days versus 54 days); however, this difference was
not statistically significant.

The early response to the use of biological dressing
was decreased wound discharge during the first 2-3
days. The time required for decreasing the amount
of wound discharge was less in the amnion group
(2-3 days) in comparison to the control group (10-12
days). Only one patient in the control group showed
signs of local infection, and based on the result of
wound culture a systemic antibiotic was prescribed.

The number of amniotic membranes used in healed
pressure ulcers was 4 to 8§ membranes, which was
changed every 2-3 days (Table 2). Patients with
ulcer healing in the amnion group were evaluated
according to the number of amniotic membranes
used. Those with complete ulcer healing (9 patients)
used 6.11£1.75 pieces of amniotic membrane
(range=4-8) compared with the three patients with
partial wound healing that used 4.33£2.5 (range=2-7)
pieces (p=0.28). All cases were free from specific or
dangerous complications such as erythema, bleeding
and infection after using the biologic membrane.
In regular intervals, scar assessment score was
performed by a physician. The difference in MVSS
score was found to be statistically significant, with
the amnion group at a lower score than the control
group (p<0.03).

Patients Characteristics Amnion group (N=12) Control group (N=12) p-value
Age years , Mean+SD 44+£10.7 43+16.1 0.93
Range 30-75 27-60
Median 46.5 44.4
Male/Female Ratio 10/2 9/3 1.00
Anemia due to underlying disease (Hemoglobin level) 10 (9.8+0.83) 12 (9.8+2.30) 0.97
White blood cell count 6391+2760 6716.7+2360 0.73
Platelet count 218250.00+£100233 242333.33+117224 0.713
Systemic infection 6 (50%) 6 (50%) 0.68
Fever during hospital course 7 (58%) 8 (66%) 1.00
Nutritional status 10 (83%)/ 2(16%) 10 (83%)/ 2 (16%) 1.00
Oral feeding/ NG tube feeding
Antibiotic consumption 6 (50%)/5 (42%)/1 (8%) 6 (50%)/5 (42%)/1 (8%) 1.00
IV/PO/NOT
Underlying disease:
Cancer 5 (45%) 7 (59%)
Cord injury 1 (8%) 2 (17%) 1.00
Diabetes 1 (8%) 1 (8%)
Multiple sclerosis 1 (8%) 1 (8%)
Other complications® 3 (25%) 3 (25%) 1.00
Disease related mortality 3 (25%) 5 (42%) 0.67

*Other complications: renal failure, bleeding diathesis
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Table 2. Pressure Ulcer Characteristics

Amnion group Control group p-value
Number of Pressure Ulcer 12 12 1.00
Pressure Ulcer stage 2/3 11 (92%)/1 (8%) 10 (8%)/2 (17%) 1.00
Pressure Ulcer size range (cm ) 2x1.6 - 6X9 1.5%x2 - 7x8
(5.3£2.3) (4.94£3.2)
Pressure Ulcer surface areas (cm?) 3.2-54 3-56
39.3£20.5 31.5425.2
Pressure Ulcer Site
sacral 5 (41%) 7 (58%)
Occipital area 2 (16%) 1 (8%) 1.00
Greater trochanter 3 (25%) 3 (25%)
Chest wall 2 (16%) 11 (8%)
Lateral malleolus 1 (8%) 0
Complete healing (100% wound closure) 9 (75%) 0 <0.001
Partial healing® 9 (75%) 3 (25%) 0.03
Complete healing time (days) (Median) 16-30 (20.5+10) 0 (NSY) <0.001
Median duration of partial healing (days) 20 54 0.03
Decrease wound discharge time (days) 2-3 10-12 0.03
Granulation tissue formation time (days) 12-14 (13£1.5) 35-40 (38+4) 0.03
Number of used amniotic membrane (Median) 4-8 (6) 0 -
Sore infection 0 1 -
No response 3 (25%) 9 (75%) 0.01
Scar assessment by Modified Vancouver Scar Scale (MVSS) 4 (Range: 3-5) 8 (Range: 6-8) 0.03

“Partial healing means that <50% of sore area was healed; °NS: not seen after 8 weeks

Assessed for eligibility
(n=27)

Excluded (n=5)

Not meeting inclusion criteria
(n=5)

Refused to participate (n=0)

Other reasons (n=0)

Randomized (n=24)
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Allocated to amniotic
membrane group (n=12)

Received allocated
intervention (n=12)

Did not receive allocated
intervention (n=0)

Allocation

Lost follow up (n=0)
Discontinued intervention

(0=0)

Allocated to routine treatment

group (n=12)

Received allocated
intervention (n=12)

Did not receive allocated
intervention (n=0)

Follow
up

Lost follow up (n=0)
Discontinued intervention

(0=0)

Analyzed (n=12)
Excluded from analysis

(n=0)

Analysis

Analyzed (n=12)

Excluded from analysis

(n=0)

Fig. 1. CONSORT Flow diagram of trial participants
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Fig. 2: Patient with pressure ulcer on the buttocks. Clinical course of the ulcer from days 0 (A), 15 (B) and 30 (C) in the AM treated
group. The size of lesion was decreased (more than 50%) from day 0 to day 15.

Fig. 3: The ulcer was located on the greater trochanter. Clinical course of the ulcer from days 0 (A), 7 (B), 14 (C), 28 (D), 32 (E) to
50 (F) in the AM treated group. Note the complete re-epithelialization in Fig 2F on day 50.
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Fig. 4: Local application of allogenic amniotic membrane over the pressure ulcer located on the buttocks (A) and greater trochanter
(B). The membrane was applied in a way that no air bobble enclosures occurred under the membrane.

Discussion

Nowadays, pressure ulcer prevention and care
has improved significantly, but its occurrence is
inevitable in both hospital and community settings.
A cross-sectional study in Jordan showed that the
majority of nurses had inadequate knowledge of
pressure ulcer care [40]. The suboptimal clinical
practices are the most important factor for creating
pressure ulcer [40, 41].

Several underlying pathologies and risk factors
including severity of primary illness, co-morbidities,
nutritional status, and degree of social and
emotional support are considered for pressure ulcer
development [42, 43]. Other predicting factors for
ulcer development are anemia, weight, sex, height,
and the use of repositioning sheet [43].

In the treatment of pressure ulcers, some steps are
mandatory. The first step is to manage the tissue
load including pressure, shear, and friction, and the
second one is to clean and dress the wound bed.
Consumption of healthy diet and avoidance of
smoking are also important [44].

The usefulness of amniotic membrane as a biological
dressing was confirmed in the management of many
clinical situations such as diabetic foot ulcers, and
venous leg ulcers [45-50]. When this article was
written, more than 300 clinical trials evaluating AM
were registered on the NIH Clinical Trials website
(https://clinicaltrials.gov).

Amnion was able to adhere immediately to the ulcer,
reduce pain, decrease infection, and reduce fluid loss.
Paracrine mechanisms of the intact or decellularized
AM induces anti-inflammatory responses on both
innate and adaptive immunity system, promote re-
epithelialization, and also possess pro-angiogenic
properties; all these might explain the therapeutic
effects of this product. The intact AM is also used
as an intact basement membrane that promotes
re-epithelialization by enhancing cell migration,
differentiation, as well as decreased cell apoptosis.
Amniotic membrane is composed of collagen types
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1V, V and VII which facilitates the cellular growth
[18,19]. Different cytokines such as angiopoietin-2,
epidermal growth factor (EGF), basic fibroblast
growth factor (bFGF), heparin binding epidermal
growth factor (HB-EGF), HGF, TGFp, platelet-
derived growth factor BB (PDGF-BB), placental
growth factor (PIGF), and VEGF have been detected
in dehydrated human amnion/chorion membrane.
These factors might enhance the epithelial cell
proliferation [18, 19, 51-53].

No HLA matching is necessary for AM
transplantation. As previously mentioned by Hori
et al. , no expression of polymorphic HLA-A,
-B(Class [A), and HLA -DR (class II) antigens was
observed by amniotic epithelial cells, but expression
of non-polymorphic, non-classical human leukocyte
antigen (HLA-G) HLA-G was documented. HLA-G
is involved in the induction of immune tolerance
[54, 55]. Therefore, AM is considered as a low
immunogenic biological dressing.

The AM can be used both freshly or after processing
and sterilization for transplantation. The quality of
preserved AM is important. Different methods such
as freeze drying, y-sterilization, glycerol and DMSO
cryopreservation have been used [56]. However,
different preservation methods influence the viability
of amnion epithelial cells, mesenchymal stromal
cells, and growth factor content. The viability of
cells was more preserved in DMSO than glycerol
[55-57]. In comparison, the immunogenicity of
cryopreserved AM tissue was less than the freshly
prepared amnion [56].

Amnion epithelial cells were a major source of
growth factors and removal of these cells eliminates
many important growth factors [57, 58]. Amnion
epithelial cells have many characteristics similar to
stem cells such as expression of Oct-4 and Nanog as
pleuripotent stem cell-specific transcription factors
[59]. Its stem cell potential as well as rich cytokine
content and good extracellular matrix prepare an
excellent niche that promotes the healing process.
Therefore, amnion is a good candidate for dressing
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of pressure ulcer.

Besides the standard visual wound inspection
(photography), there are several non-invasive
methods to monitor the wound healing both in
research and practice. Using computer-assisted three-
dimensional quantification for evaluation of wound
volume [60], flexible pressure monitoring system for
monitoring of local pressure [61], high-resolution
ultrasound, and optical coherence tomography
(OCT) [62] are reported as non-invasive diagnostic
tools in monitoring of cutaneous wound healing.

However, tissue biopsy and histopathology provides
the best morphological assessment of wound healing.
In this way, the wound healing process can be
evaluated with 6 mm tissue punch biopsies on definite
post-treatment days. Tissue samples are investigated
histologically by hematoxylin/eosin (HE) staining
for general epidermal and dermal architecture.
Ancillary studies such as immunohistochemistry are
suitable for evaluation of neovascularization (CD31,
von Willebrand factor), or integrity evaluation of
newly formed basement membrane (laminin).

In our study, the pressure ulcers were covered with
cryopreserved AM. The exudates and inflammation
decreased and most of the patients were more
comfortable and experienced less pain. We
observed a higher and faster rate of wound healing
with lower MVSS score than the routine dressing
regimens. No significant complications such as pain,
infection, necrosis, allergic reaction and bleeding
were documented. Blood oozing from the ulcer was
controlled by amniotic membrane covering. Other
advantages of amniotic membrane are abundant
supply, inexpensiveness, easy processing and

storage, high tensile strength, and transparency that
allows wound healing monitoring and reduction in
fluid loss.

Limitations of our study include small sample size
and lack of blinding (patient and physician). This
study included different locations of pressure sores
and the sample size was not sufficient to stratify
them by location of ulcers. Another major weakness
of this study stands in the lack of proper and
scientific measurements for the cutaneous wound
healing such as skin biopsy and histopathologic
evaluation of healing process. Therefore, larger
studies are underway to determine the efficacy of
AM applications, in order to validate our results
in this initial RCT. In future studies, considering
histopathology is necessary. The cost effectiveness of
amniotic membrane by considering product handling
and storage must be evaluated. Improvement of
cryopreservation techniques is another promising
aspect for further clinical applications.

In conclusion, cryopreserved amniotic membrane
is an effective biologic dressing that promotes re-
epithelialization in pressure ulcers.

Ethical Statement

An informed consent was obtained from pregnant
women in order to collect the amnion and chorion.
All patients read and signed an informed consent.
The study design conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and the Ethics
committee of Shiraz University of Medical Science
approved the study design.
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