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1 | INTRODUCTION

The general term ‘chronic wounds’ envelopes a heteroge-
neous group of wounds exhibiting specific healing pro-
cess physiology different from the acute ones. They
typically require a considerably long healing time and are
characterised by tissue renewal by granulation." The
period required for a wound to be classified as chronic
has been defined in the range of 4 weeks up to more than
3 months.” As the nomenclature ‘chronic wound’ is not
clear, the European Wound Management Association
(EWMA) proposed to use the term ‘non-healing wounds’
(NHWSs),* which will be used herein. Common features
of NHW include persistent infections, the formation of
drug-resistant microbial biofilms, and loss of dermal/
epidermal cells ability to respond to reparative stimuli.*
NHWs are associated with numerous pathological condi-
tions: diabetes mellitus (DM), peripheral artery disease
(PAD), chronic venous insufficiency, post-traumatic
wounds, or postsurgical wound dehiscence. Apart from
the pathological effects, the NHWs have an important
impact on the quality of life of affected subjects in the
sense of elimination or discrimination from society,
limited mobility, and productivity.’

The current standard of care (SOC) for treating
NHW includes surgical debridement, infection control,
appropriate dressing, and treatment of primary pathol-
ogy. Despite the development of many types of wound
dressings, the healing of NHW is often challenging to
achieve. Using SOC, closure rates for NHW range from
21% to 35%, and the recurrence rate is high.° The
increase in the healing efficiency and reduction of the
recurrence rate, the healing time, and the costs are thus
the objectives of the new approaches to NHW care. The
use of different forms of biological dressings, particu-
larly placental derivatives, has been accepted as a prom-
ising tool in regenerative medicine.”'® Most frequently,
they are based on amniochorionic (ACM) or amniotic
membrane (AM). For decades the ACM and AM have
been recognised for their wound healing stimulation
properties and their negligible immunogenicity, making
them an attractive choice for biological wound dressing.
AM application has been adapted particularly in the
ocular surface healing, and in the last decade, its effi-
ciency is broadly confirmed in other surgical procedures

« analysis of our results also suggests that the dynamics of healing process can
be used as a predictor of the outcome of the treatment
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in dermatology, plastic surgery, genitourinary medicine,
and otolaryngology.®''?

AM application promotes several effects supporting
wound healing, namely anti-inflammatory, anti-fibrotic,
anti-microbial, neurotrophic, and analgesic. Besides
that, AM influences angiogenesis. AM grafting does not
lead to immunological rejection, and there is no need
for any immunosuppressive treatment.'*'® Therefore,
the AM grafts are considered a safe substrate, promot-
ing proper granulation and epithelisation, assuring
better hydration of the wound bed while suppress-
ing excessive fibrosis. Many studies have reported the
healing benefits of AM applied to NHW; improved
healing rates (percentage of completely healed wounds)
and significantly shortened healing times have been
documented.

Systematic studies of the effect of the AM or ACM
effect date back to the early 80s of the last century.'’
Often such studies report different healing success rates
and wound closure progress, depending on the procedure
of AM or ACM preparation (cryo-preserved, dried, or
lyophilised),'® AM application frequency,” type of
wound treated (diabetic, venous, or arterial ulcer, surgi-
cal wound, dehiscence),20 and the treatment and applica-
tion approach selected.”*"**

The complete healing rate of NHW because of AM's
beneficial effect is reported to be anywhere between
20%** and 100%,** indicating the existence of non-
negligible proportions of subjects who will not respond to
the AM treatment. However, it is still unclear whether it
is possible to identify such individuals already at the early
treatment period (although some indications exist®).
Because of the elevated cost of AM treatment, this infor-
mation can be an important economic factor when opting
for AM application after SOC failure.

In the present work, we studied the effect of
cryo-preserved AM application on NHW of various aeti-
ologies (venous, arterial, postoperative, diabetic) and
various sizes (from 0.5 to 98 cm?), which had previously
resisted SOC for more than 6 weeks (average 88.8). By
evaluating the healing progress, we aimed to determine
the efficiency of the AM treatment and analyse whether
the dynamics of the wound closure can be used as a
predictor/estimator for the efficacy of the AM treatment
of NHW.
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2 | MATERIALS AND METHODS

The study followed the Ethics Committee standards of
four participating institutions (1st Medical Faculty of
Charles University, General University Hospital,
University Hospital Motol, and Na Homolce Hospital,
all in Prague) and adhered to the tenets set out in the
Declaration of Helsinki.

3 | SUBJECTS

The patients for the study were selected according to the
following criteria: Inclusion criteria: age >18 years, the
presence of resistant NHW with the duration of more
than 6 weeks, wound of maximum size of 150 cm? exten-
ding through the full thickness of the skin but not
reaching to the tendon or bone. Exclusion criteria: Ten-
don or bone exposure in the wound, allergy to antibiotics
used in solution for AM decontamination, transcutane-
ous oximetry value below 30 mmHg for patients with
DM, known history of AIDS or HIV, ankle brachial index
(ABI) <0.5, for all patients except those with DM,
suspicious for cancer or history of radiation at wound
site, severe (uncontrolled) systemic disease, or planned
surgical intervention in the next 6 months.

Patients willing to participate in the study and comply-
ing with the criteria signed an informed consent form.
Eighteen patients were enrolled in the study (13 men,
5 women) with a total of 26 wounds (multiple wounds in
some patients). The average age of the patients was
62.6 years (26 to 85). The treated wound size varied
between 0.5 and 98 cm? with an average of 15.4 + 20.2 cm>,
The wound resistance to treatments preceding the enrol-
ment into the study spanned from 6 to 456 weeks with an
average of 88.8 weeks. The demographic data of patients
are summarised in Table 1.

4 | AM GRAFTS PREPARATION

All placenta donors signed informed consent and were
checked negative for hepatitis B and C, syphilis, and HIV,
and C-reactive protein was < 20 mg/L. Placentas were
obtained from full-term deliveries by elective caesarean
section in the Motol University Hospital, Prague, and before
processing visually inspected for injuries, visible pathologies,
or comorbidities. Then they were immediately placed in a
sterile container, overlaid with decontamination solution
BASE«128 (Alchimia, Ponte San Nicolo, Italy), and stored at
room temperature for 20 hours. The placentas were subse-
quently processed in aseptic conditions. They were repeat-
edly cleansed using physiological solution (0.9% NaCl), AM
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sheets were peeled off by blunt dissection, and blood clots
were removed. AM was then overlaid with DMEM
(cn. 32430027, Thermo Fisher Scientific) supplemented
with antibiotics (Piperacillin/Tazobactam, Amphotericin B,
Vancomycin, and Gentamicin) and stored for at least
2 hours to complete the decontamination. Next, the AM
sheets were rinsed in physiological solution, stretched on
Sanatyl support (Tylex, Letovice, Czech Republic), and sec-
tioned into patches of the desired size. Finally, AM pieces
were placed in containers filled with storage medium
(50% glycerol in DMEM) (glycerol, Dr Kulich Pharma,
Czech Republic) and stored at —80°C. Tissues with negative
microbiology tests and negative repeated serology examina-
tion performed after 6 months were released after 6 months
for grafting.

5 | AM DRESSING APPLICATION
AND THE WOUND TREATMENT
PROCEDURE

All patients followed up a standard visit protocol. The study
visits were scheduled every 7 days and included photo-
documentation of the healing process, evaluation of subjec-
tive pain perception and completion of patients quality of
life questionnaire, the treatment of the wound and sur-
rounding skin, application of AM, and secondary fixation
dressing application. The initial AM application frequency
was set to weekly (every visit), but it was modulated later
according to the evolution of the healing progress. Wound
care procedure was standardised for all centres similarly:
wound debridement, rinsing with saline, cultivation collec-
tion (each 4 weeks, or if necessary), and disinfectant
solution application. After thawing, the AM was removed
from the storage solution and washed with saline
(2 x 5 minutes) in a sterile container. The AM graft was
applied with at least 5 mm overlap, and complete contact
with the wound surface was assured. After verifying appro-
priate graft adhesion, a fixation with foam cover (Mepilex
XT, Molnlycke Health, Sweden) was formed with an over-
lap of at least 2 cm and fixed with a bandage. In patients
with venous insufficiency, a compression bandage was
added. Wound dressing was left for 3 to 5 days, depending
on the condition of the wound. In case of need of redressing
at home, the patients were equipped with the necessary
material and were eventually assisted by home care agency.

6 | HEALING PROCESS
EVALUATION

The wound healing progress was regularly monitored
during the scheduled visits for wound treatment and
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TABLE 1 Demographic data
Patient Defect
number Age Sex DM Smoker Comorbidities number Location Aetiology
P1 77 M N N atrial fibrillation D1 right calf venous
P2 60 M Y N hypertension, hyperlipidaemia, renal D2 left calf venous
insufficiency, atrial fibrillation, st.p. AVR D3 left calf RO
P3 72 M N N hypertension, atrial fibrillation, renal insufficiency D4 left calf venous
D5 left calf venous
D6 left calf venous
D7 left calf venous
P4 64 M N N renal insufficiency D8 right calf venous
D9 right calf venous
P5 72 M N N hypertension D10 right ankle  venous/ arterial
D11 right ankle  venous/ arterial
P6 56 F N Y hypertension, peripheral artery disease D12 left calf defect after
fasciotomy
P7 33. M N Y hypertension D13 right lower  venous
leg
P8 60 M N N hypertension D14 right leg venous
P9 66 F N Y hypertension D15 left ankle venous
P10 65 M Y N hypertension D16 right leg arterial
P11 8 F Y N hypertension, peripheral arterial disease, anaemia D17 left ankle venous
P12 26 F N N hypertension, hyperlipidaemia, st.p. AVR, D18 sternum dehiscence
st.p. CABG
P13 45 M N N hypertension D19 left ankle venous
D20 left ankle venous
P14 68 F Y N X D21 right ankle  venous
P15 67 M Y N hypertension, hyperlipidaemia D22 left calf venous
D23 left calf venous
P16 67 M N N X D24 right ankle  venous
P17 74 M Y Y hypertension, peripheral artery disease, chronic D25 left calf defect after
renal failure, anaemia, st.p. CABG fasciotomy
P18 69 M N Y hypertension D26 left ankle arterial

Abbreviations: DM, diabetes mellitus; st.p. AVR, status post aortic valve replacement; st.p. CABG, status post coronary artery bypass grafting.

dressing renewal. The wound size and the state were
photo-documented with a scale indicating the patient ID
number, the defect number, and the visit date placed in
the closest proximity of the wound to assure the image
unique identifier and proper image scaling. The wound
size was determined by manual tracing of the wound bor-
der on calibrated images with automatic determination
of the area size using NIS-Elements software (Laboratory
Imaging, The Czech Republic). Wound area reduction,
WAR = 100*(Baseline size — Current size)/Baseline size):
the parameter was used to evaluate the healing progress,
expressing the wound area’s percentage at a given treat-
ment period relative to the original size.

The wound was considered as healed (H) only when
100% reepithelialisation was achieved. Wounds with
WAR between 50 and 99% were considered as partially
healed (PH). Not achieving a reduction in the area by at
least 50% was judged as failure to heal (unhealed defects
[UH)), in accordance with the most often used criterion.*®
The average wound closure profiles for the H and PH
group were fitted with asymptotic function (y = a — b.c¥)
using ORIGINS50 software. For the unhealed (UH) group,
only an approximate linear fit was performed because of
the scattered character of the average.

Other than the wound itself, the perception of
pain related to the wound was also monitored. The pain
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FIGURE 1 Examples of wound closing. A, healed (H) wound (D15, venous leg ulcer); B, partially healed (PH) wound (D19, venous leg
ulcer); C, wound with no reaction (D25, defect after fasciotomy). WO: the wound state after 24, 456, and 100 weeks of outpatient care with
SOC treatment for A, B, and C, respectively. W: number of weeks of treatment with AM

TABLE 2 Defects' characteristics and outcome data

Patient Defect Time from Baseline Treatment Wound End Number Number of AM
number number onset (w) size (cm?) duration (w) closure (%) status of visits applications
P1 D1 315 2.6 9 100 H 10 9
P2 D2 36 16.8 32 100 H 31 15
D3 36 4.5 17 100 H 17 11
P3 D4 7 28.1 16 100 H 15 11
D5 7 1.0 6 100 H 5 2
D6 7 24 6 100 H 6 4
D7 7 13.8 36 100 H 36 15
P4 D8 13 6.2 31 100 H 31 14
D9 13 2.9 35 100 H 31 15
P5 D10 6 1.3 12 100 H 11 4
D11 250 52 38 100 H 37 19
P6 D12 6 48.7 33 100 H 29 29
p7 D13 53 53 36 100 H 34 30
P8 D14 12 0.5 14 100 H 14 14
P9 D15 24 10.7 13 100 H 8 8
P10 D16 8 6.0 5 100 H 6 4
P11 D17 52 98.0 74 79 PH 74 69
P12 D18 20 144 44 50 PH 38 32
P13 D19 456 229 78 64 PH 67 46
D20 456 139 78 74 PH 67 45
P14 D21 50 7.1 49 90 PH 39 39
P15 D22 117 30.5 6 —28 UH 6 4
D23 117 5.6 11 18 UH 11 9
P16 D24 100 5.0 19 -3 UH 19 12
P17 D25 100 33.6 18 —22 UH 13 9

P18 D26 40 12.7 17 —34

g
T

13 11
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level was evaluated using the 0 to 10 scale, 0 equal none,
10—unbearable.

7 | RESULTS

Of 18 patients (26 defects), 10 responded to the AM treat-
ment by complete healing of all wounds (H group,
16 defects, 62%). Four patients (five defects, 19%)
exhibited partially positive limited response (PH group).
They reached on average 71.4 + 13.6% of WAR and never
exceeded 90% wound closure despite, in some cases, sig-
nificantly prolonged treatment (up to 74 weeks). They
showed less than 20% improvement over the period of
first 9 to 20 weeks. Four patients (five defects, 19%) did

not react to the treatment at all and were assigned to the
unhealed group (UH group). In no case, an adverse sec-
ondary reaction to the AM application was observed. In
cases when the defect responded well to the AM treat-
ment, the epithelisation onset was very fast (after 2 am
applications), and the wound closure progressed rapidly
towards complete healing. Typical wound healing in the
course of treatment (D16) is presented in Figure 1A.

The period required for the defect's complete healing
in the H group varied from 5 to 38 weeks (average
21.2 +12.2, median 16.5) and 2 to 30 am applications
(12.8 £ 7.9, 12.5) were needed. The WAR progress in the
PH group was significantly slower, and its average
showed the tendency to converge to a maximum value of
approximately 88%. The data summarising outcomes for
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FIGURE 2

Wound closure evolution. WAR progress for healed A, partly healed B, and unhealed C, defects. D, comparison of the

averages of the three groups together with fitted asymptotic functions and their parameters for H and PH and correlation coefficients (R?).

For A, B, and C, the closed and open markers reflect visits with or without AM application, respectively
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individual defects are presented in Table 2. We have
recorded the WAR profile for each defect and determined
the average healing profiles separately for each group
(H, PH, UH) (Figure 2). From the average WAR curve
for healed defects (H) and its fit (regression coefficient
R*=0.987) (Figure 2A, D), we established that on
average 50% of healing was achieved in 5 weeks of treat-
ment and 70% in 10 weeks. All healed defects reached at
least 50% of closure within the first 10 weeks of treatment
(Figure 2A) with two exceptions: The defects D13, D14
(lines with square markers in Figure 2A) exhibited a pro-
file significantly diverging from the rest of the defects in
the group. They were characterised by delayed onset
(12 and 17 weeks, respectively) of the AM stimulated
healing and partial initial worsening. After this lag
period, during which the healing profiles resembled those
of the PH group, both defects started to progress and
reached complete closure. The most prolonged healing in
the H group lasted 44 weeks (defects D8 and D9).

Five defects (D17 to D21) healed partially, and despite
the prolonged care period (up to 78 weeks) these defects
progressed slowly without reaching the complete closure
(Figure 1B, Figure 2B). The average WAR of these defects
followed a different curve compared with the H group's
characteristics, and approximately 27 weeks were neces-
sary to reach 50% of closure (average). The average WAR
value was 71% at the end of treatment. The course of the
fitted curve is significantly flatter compared with the H
group and predicts the maximum reachable WAR of
approximately 90% (a = 88, Figure 2D).

Four patients (five defects, D22 to D26) did not respond
to the AM treatment despite intense care, Figure 1C,
Figure 2C. Their WAR values oscillated around 0, meaning
that their size randomly changed around the baseline. The
very approximate linear fit shows virtually no effect of the
treatment on the wound size.

The degree of pain in all patients decreased indepen-
dently of the healing progress from an average of 3.25
before the first AM application to 1.95, 1.22, and 0.47

7
3 6
25
£ 4
e 3
2
1
0
wo w1 W5 w10
Week of treatment
FIGURE 3 Pain level evolution during the AM treatment.

Average value + SD from all patients on a scale from 0 (no pain) to
10 (the worst pain) at week (W) 0, 1, 5, and 10 of treatment
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after the first, fifth, and the tenth week of AM treatment,
respectively, on a scale from 0 (no pain) to 10 (the worst
pain) (Figure 3). No difference in pain relief was found
between healed and unhealed patients.

8 | DISCUSSION
When AM is used for the treatment of NHW, several fac-
tors may affect the outcome: the wound aetiology, base-
line size, period from onset to treatment start, type of AM
used (cryo-preserved, dried, lyophilised, etc.), frequency
of AM application, treatment period, and the individual
sensitivity to the AM effect, which can be directly related
to the general health status of the subject's organism,
including age, and BMI and comorbidities of the subjects.
In this multicentric study, we assessed the effect of cryo-
preserved AM application on the healing of NHW. Apart
from evaluating the general healing effect, one of the
aims of the study was to understand if there is a way to
predict the outcome of the AM stimulated healing pro-
cess already at the early stages of the treatment. Although
the logistics (long-term storage and the delivery in frozen
state) related to the use of such material is more complex
than that of, for example, dried or lyophilised tissues,
cryo-preserved AM should preserve the majority of the
growth factors and other molecules affecting the healing
process in their active form and, therefore, promote the
treatment efficiency.”*”*° Some studies, however, indi-
cate that the quality of lyophilised AM levels that of cryo-
preserved AM in terms of preservation of active molecu-
lar components*® and efficiency in NHW treatment.'®
The observed healing rate of 62% in our study is
concordant with values reported in similar studies. In a
multicentre, controlled, randomised, blinded, clinical
trial, Lavery et al observed 62% successful healing rate
(100% reepithelialisation at 12 weeks) for cryo-preserved
AM compared with 21.3% success rate using SOC.'
In a retrospective study evaluating 350 NHW from
WoundExpert electronic health records, the rate of clo-
sure using cryo-preserved AM was found to be 59.4%.%
Farivar and colleagues,” in a trial limited to 12 weeks
and venous leg ulcers, reached 53% healing with a com-
parable set of NHW when using cryo-preserved AM and
the average healing time of 10.9 weeks, which is mark-
edly shorter compared with 25.5 weeks in our study. It
should be noted, however, that the average NHW dura-
tion period before AM treatment in our patients was
88 weeks, which is considerably higher than in Farivar's
study and other comparable studies using cryo-preserved
AM.**13* Interestingly, in Ref. 33, 57% of unhealed
defects showed WAR >50%, which is very similar to our
50% (five defects) representing the PH group. Another
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multicentre trial reported a success rate of 48.4% (100%
reepithelialisation at 8 weeks) for viable cryo-preserved
placental membrane.**

In general, the reported in literature rate of complete
wound closure using cryo-preserved AM are quite dis-
persed from 20%* through 46%,> 53%,* 84%°° to 100%.**
However, some studies were realised with limited AM
application period reducing, thus, the potential healing
completion had the treatment been continued. Time to
complete closure appears to be also variable, ranging from
6 to 56 weeks.”>** Therefore, the extended healing period
for some defects in the present work is in the range of
values reported previously.

Some works report the healing efficiency's depen-
dence on the baseline size.*****® In our study, although
the average baseline size is superior in the UH group
compared with H group, we could not prove its statistical
significance. The average wound size before starting AM
therapy (15.4 cm?) was larger in our study than in other
studies using cryo-preserved AM.>*3!3+3°

The frequency of AM or AM-based derivatives appli-
cation used in similar studies varies from frequent (2 to
3 days®’) to scarce.”” We set the standard application
period to weekly at the beginning of treatment. In later
phases (generally after 4 to 8 weeks), the AM application
frequency was changed to bi-weekly and then modulated
according to the wound reaction to the treatment and
healing evolution.

AM treatment cost is rather high. Thus, the question
at which state its application is adequate and what are the
indications suggesting its efficiency is important. Existing
data show that WAR of 50% after 4 weeks of SOC is a
strong indicator of appropriate healing for diabetic foot
ulcers.”® WAR change in percent was reported as an indi-
cator of a good prognosis for venous leg ulcers.”>* Failure
to reach such rates by SOC suggests the need for initiating
alternative and/or advanced treatments.*’

When AM application is undertaken, an indicator of
the probability of complete healing would be a valuable
tool for deciding whether the treatment should be contin-
ued for an extended period or not. Analysis of our results
allowed us to separate the wounds into three categories
with different sensitivity to the AM treatment—H, PH,
and UH. The wounds in the H group achieved, on aver-
age, 70% closure after 10 weeks and 50% after 5 weeks,
which is similar to the values reported elsewhere.* All
wounds in this group attained 50% closure in 10 weeks;
therefore, it would seem adequate to establish these
values as predictors for successful treatment. However,
this criterion may exclude the cases that would have
finally benefited from the AM application had the treat-
ment not been aborted (D13, 14). The average WAR pro-
gress for NHW in PH and UH groups is different. The

wounds completely insensitive to the AM application
(UH group) are readily recognisable at the early stages of
treatment (10 weeks at maximum) by the flat average
progression line. To distinct NHW with the potential to
heal completely (H) or to be only partially reduced over
prolonged treatment (PH) is, however, more complicated.
We have characterised the healing progress of these two
groups by parameters of the fitted asymptotic function.
The determined ‘a’ parameter defines the maximum
reachable value of wound closure and thus can be used
to predict the extent to which the wound would heal.
Compared with the H group, the PH group shows signifi-
cantly slower evolution with the indicated limit of only
~90% (‘a’ value), suggesting that these wounds will never
reach complete healing when using this type of treat-
ment, and probably it is of low interest to continue with
rather expensive AM application. Instead, the treatment
strategy should be reconsidered. Unfortunately, the data
spread is wide, and therefore such distinction at the level
of an individual patient can hardly be applied with high
certitude before the weeks 12 to 13 of treatment. Interest-
ingly, this value coincides with the time limit of most
studies evaluating the effect of skin substitutes (for a
complete overview, see Ref. 26.

Our results also show that the repeated and persistent
application can eventually trigger the healing process
even in defects not responding immediately to the AM
treatment and not fitting into the above-stated values for
H-type wounds. That was indeed the case of defects D13
and D14, which for an extended period exhibited only a
minimal response to the treatment and reached the 50%
closure only after 25 and 12 weeks, respectively, but
finally healed completely. The important feature of AM
is, besides healing acceleration and stimulation, its anal-
gesic effect; pain relief has been perceived after first AM
applications by all patients independently of wound
healing. In any case, the AM application in NHW healing
will always require a highly individual approach and
should reflect previous wound treatment/healing history
and the patient's general health condition.

9 | CONCLUSION

From our results, we conclude that cryo-preserved AM
represents a safe and useful treatment with a strongly
beneficial effect for managing NHWs. In our study, the
AM application led to the complete healing of 62% of
wounds. We have shown that it was possible to separate
the NHW into three distinct groups with different healing
characteristics (H, PH, U) according to their WAR
profiles. This can then be used as a guideline for the
prediction of the eventual outcome of the treatment.



SVOBODOVA ET AL.

P - WiLEy-L =

ACKNOWLEDGEMENTS

The authors are thankful to Miluse Berka Mrstinova,
MD. (Department of Obstetrics and Gynaecology, Motol
University Hospital) for help in recruiting placental
donors, to Mrs. Dagmar Hrabankova (Department of
Transplantation and Tissue Bank, Motol University
Hospital), MD. Viera Vesela and Mrs. Simona Krausova
(Institute of Biology and Medical Genetics, Charles
University, Prague) for technical assistance.

This work was supported by the NV18-08-00106 grant
from the Ministry of Health of the Czech Republic, and
by project Ministry of Education, Youth and Sports
BBMRI_CZ LM2018125. Institutional support was pro-
vided by Progres-Q25, Charles University, First Faculty of
Medicine.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
Data available on request from the authors.

ORCID

Katerina Jirsova @ https://orcid.org/0000-0002-4625-6701

REFERENCES

1. Martin P, Nunan R. Cellular and molecular mechanisms of
repair in acute and chronic wound healing. Br J Dermatol.
2015;173(2):370-378.

2. Zelen CM, Serena TE, Denoziere G, Fetterolf DE. A prospective
randomised comparative parallel study of amniotic membrane
wound graft in the management of diabetic foot ulcers. Int
Wound J. 2013;10(5):502-507.

3. Moore Z. Why is EWMA interested in implementation?.
(Oral presentation). 20th Conference of the European Wound
Management Association, Geneva, 2010. Frederiksberg, Den-
mark: EWMA; 2010.

4. Frykberg RG, Banks J. Challenges in the treatment of
chronic wounds. Adv Wound Care (New Rochelle). 2015;4(9):560-582.

5. Jarbrink K, Ni G, Sonnergren H, et al. The humanistic and eco-
nomic burden of chronic wounds: a protocol for a systematic
review. Syst Rev. 2017;6(1):15.

6. Gibbons GW. Grafix([R]), a cryopreserved placental mem-
brane, for the treatment of chronic/stalled wounds. Adv Wound
Care (New Rochelle). 2015;4(9):534-544.

7. Johnson A, Gyurdieva A, Dhall S, Danilkovitch A, Duan-
Arnold Y. Understanding the impact of preservation methods
on the integrity and functionality of placental allografts. Ann
Plast Surg. 2017;79(2):203-213.

8. Malhotra C, Jain AK. Human amniotic membrane transplanta-
tion: different modalities of its use in ophthalmology. World J
Transplant. 2014;4(2):111-121.

9. Parolini O, Alviano F, Bagnara GP, et al. Concise review: isola-
tion and characterization of cells from human term placenta:
outcome of the first international workshop on placenta
derived stem cells. Stem Cells. 2008;26(2):300-311.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Pathak M, Olstad OK, Drolsum L, et al. The effect of culture
medium and carrier on explant culture of human limbal epi-
thelium: a comparison of ultrastructure, keratin profile and
gene expression. Exp Eye Res. 2016;153:122-132.

Barr SM. Dehydrated amniotic membrane allograft for treat-
ment of chronic leg ulcers in patients with multiple com-
orbidities: a case series. J Am Coll Clin Wound Spec. 2014;6(3):
38-45.

Jirsova K, Jones GLA. Amniotic membrane in ophthalmology:
properties, preparation, storage and indications for grafting—a
review. Cell Tissue Bank. 2017;18(2):193-204.

Mamede AC, Carvalho MJ, Abrantes AM, Laranjo M, Maia CJ,
Botelho MF. Amniotic membrane: from structure and func-
tions to clinical applications. Cell Tissue Res. 2012;349(2):
447-458.

Dua HS, Azuara-Blanco A. Amniotic membrane transplanta-
tion. BrJ Ophthalmol. 1999;83(6):748-752.

Litwiniuk M, Bikowska B, Niderla-Bielinska J, et al. Potential
role of metalloproteinase inhibitors from radiationsterilized
amnion dressings in the healing of venous leg ulcers. Mol Med
Rep. 2012;6(4):723-728.

McQuilling JP, Vines JB, Kimmerling KA, Mowry KC. Proteo-
mic comparison of amnion and Chorion and evaluation of the
effects of processing on placental membranes. Wounds. 2017;
29(6):E36-E40.

Bennett JP, Matthews R, Faulk WP. Treatment of chronic
ulceration of the legs with human amnion. Lancet. 1980;
1(8179):1153-1156.

Ananian CE, Davis RD, Johnson EL, et al. Wound closure out-
comes suggest clinical equivalency between lyopreserved and
cryopreserved placental membranes containing viable cells.
Adv Wound Care (New Rochelle). 2019;8(11):546-554.

Zelen CM, Serena TE, Snyder RJ. A prospective, randomised
comparative study of weekly versus biweekly application of
dehydrated human amnion/chorion membrane allograft in the
management of diabetic foot ulcers. Int Wound J. 2014;11(2):
122-128.

Suzuki K, Michael G, Tamire Y. Viable intact cryopreserved
human placental membrane for a non-surgical approach to clo-
sure in complex wounds. J Wound Care. 2016;25(Supl0):
S25-S31.

Regulski M, Jacobstein DA, Petranto RD, Migliori VJ, Nair G,
Pfeiffer D. A retrospective analysis of a human cellular repair
matrix for the treatment of chronic wounds. Ostomy Wound
Manage. 2013;59(12):38-43.

Bianchi C, Cazzell S, Vayser D, et al. A multicentre randomised
controlled trial evaluating the efficacy of dehydrated human
amnion/chorion membrane (EpiFix([R])) allograft for the treat-
ment of venous leg ulcers. Int Wound J. 2018;15(1):114-122.
Mermet I, Pottier N, Sainthillier JM, et al. Use of amniotic
membrane transplantation in the treatment of venous leg
ulcers. Wound Repair Regen. 2007;15(4):459-464.

Valiente MR, Nicolas FJ, Garcia-Hernandez AM, et al.
Cryopreserved amniotic membrane in the treatment of diabetic
foot ulcers: a case series. J Wound Care. 2018;27(12):806-815.
Serena TE, Yaakov R, DiMarco D, et al. Dehydrated human
amnion/chorion membrane treatment of venous leg ulcers:
correlation between 4-week and 24-week outcomes. J Wound
Care. 2015;24(11):530-534.


https://orcid.org/0000-0002-4625-6701
https://orcid.org/0000-0002-4625-6701

== | wWiLEY-JEE)

26.

27.

28.

29.

30.
31.
32.
33.

34.

SVOBODOVA ET AL.

Snyder D, Sullivan N, Margolis D, Schoelles K. Skin substitutes
for treating chronic wounds. Technology Assessment Program—
Technical Brief 2020;Project ID: WNDTO0818.

Duan-Arnold Y, Gyurdieva A, Johnson A, Jacobstein DA,
Danilkovitch A. Soluble factors released by endogenous viable
cells enhance the antioxidant and chemoattractive activities of
cryopreserved amniotic membrane. Adv Wound Care (New
Rochelle). 2015;4(6):329-338.

Duan-Arnold Y, Gyurdieva A, Johnson A, Uveges TE,
Jacobstein DA, Danilkovitch A. Retention of endogenous
viable cells enhances the anti-inflammatory activity of
cryopreserved amnion. Adv Wound Care (New Rochelle). 2015;
4(9):523-533.

Duan-Arnold Y, Uveges TE, Gyurdieva A, Johnson A,
Danilkovitch A. Angiogenic potential of cryopreserved amni-
otic membrane is enhanced through retention of all tissue com-
ponents in their native state. Adv Wound Care (New Rochelle).
2015;4(9):513-522.

Dhall S, Sathyamoorthy M, Kuang JQ, et al. Properties of viable
lyopreserved amnion are equivalent to viable cryopreserved
amnion with the convenience of ambient storage. PLoS One.
2018;13(10):20204060.

Lavery LA, Fulmer J, Shebetka KA, et al. The efficacy and
safety of Grafix([R]) for the treatment of chronic diabetic foot
ulcers: results of a multi-centre, controlled, randomised,
blinded, clinical trial. Int Wound J. 2014;11(5):554-560.
Raspovic KM, Wukich DK, Naiman DQ, et al. Effectiveness of
viable cryopreserved placental membranes for management of
diabetic foot ulcers in a real world setting. Wound Repair
Regen. 2018;26(2):213-220.

Farivar BS, Toursavadkohi S, Monahan TS, et al. Prospective
study of cryopreserved placental tissue wound matrix in the
management of chronic venous leg ulcers. J Vasc Surg Venous
Lymphat Disord. 2019;7(2):228-233.

Ananian CE, Dhillon YS, Van Gils CC, et al. A multicenter,
randomized, single-blind trial comparing the efficacy of viable

35.

36.

37.

38.

39.

40.

cryopreserved placental membrane to human fibroblast-
derived dermal substitute for the treatment of chronic diabetic
foot ulcers. Wound Repair Regen. 2018;26(3):274-283.

Johnson EL, Saunders M, Thote T, Danilkovitch A.
Cryopreserved placental membranes containing viable cells
result in high closure rate of nonhealing upper and lower
extremity wounds of non-diabetic and non-venous pathophysi-
ology. Wounds. 2021;33(2):34-40.

Abdo RJ. Treatment of diabetic foot ulcers with dehydrated
amniotic membrane allograft: a prospective case series.
J Wound Care. 2016;25(Sup7):S4-S9.

Dehghani M, Azarpira N, Mohammad Karimi V, Mossayebi H,
Esfandiari E. Grafting with cryopreserved amniotic membrane
versus conservative wound care in treatment of pressure ulcers:
a randomized clinical trial. Bull Emerg Trauma. 2017;5(4):
249-258.

Sheehan P, Jones P, Caselli A, Giurini JM, Veves A. Percent
change in wound area of diabetic foot ulcers over a 4-week
period is a robust predictor of complete healing in a 12-week
prospective trial. Diabetes Care. 2003;26(6):1879-1882.

Kantor J, Margolis DJ. A multicentre study of percentage
change in venous leg ulcer area as a prognostic index of healing
at 24 weeks. Br J Dermatol. 2000;142(5):960-964.

Kimmel HM, Robin AL. An evidence-based algorithm for
treating venous leg ulcers utilizing the Cochrane database of
systematic reviews. Wounds. 2013;25(9):242-250.

How to cite this article: Svobodova A,

Horvath V, Smeringaiova I, et al. The healing
dynamics of non-healing wounds using cryo-
preserved amniotic membrane. Int Wound J. 2022;
19(5):1243-1252. doi:10.1111/iwj.13719


info:doi/10.1111/iwj.13719

	The healing dynamics of non-healing wounds using cryo-preserved amniotic membrane
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	3  SUBJECTS
	4  AM GRAFTS PREPARATION
	5  AM DRESSING APPLICATION AND THE WOUND TREATMENT PROCEDURE
	6  HEALING PROCESS EVALUATION
	7  RESULTS
	8  DISCUSSION
	9  CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


