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Abstract
It is well known that oxidative stress is a pathologic condition that compromises wound evolution, contributing to inflammatory environment maintaining and wound
healing stagnation. This condition specially affects to aged people and to patients with important comorbidities, whereby healing capabilities are significantly impaired.
In this work, a new therapeutic approach through a new antioxidant technology with natural components has been applied, in order to manage the oxidative stress, in
31 patients with complex chronic wounds of different etiologies, attended to the Sanitary West District in Almería (Spain). Wound assessments were performed at 4,
8 and 12 weeks and main endpoints included the evolution of wound healing (% of healing rate and Resvech 2.0 score) and pain relief. The treatment with antioxidant
dressing produced a significant decrease of RESVECH 2.0 of 37.28%, 58.52% and 67.8% at 4, 8 and 12 weeks respectively and during the 12 week follow-up, 16/31
wounds totally healed (50%). In addition, a decrease in pain and biofilm presence in wounds were observed. In conclusion, the analyzed antioxidant approach could
be a new therapeutic strategy directed to overcome the inflammatory phase in complex wounds and allow the progression over the healing process.

Introduction
Chronic wounds are wounds physiologically impaired with
a disruption in the wound healing cycle [1]. Most of them are
characterized by their stagnation in the inflammatory phase that prevent
the progression over the healing process [2]. One of the physiologic
common features existing in chronic wounds is the presence of
oxidative stress (OS) [3,4]. OS appears when reactive oxygen species
(ROS) produced by inflammatory cells that are recruited to the wound,
are not effectively managed. When a wound is produced, inflammatory
cells, mainly neutrophils, generate ROS as a mechanism of defence
from microorganisms and as signalling molecules to activate healing
pathways [5,6]. While acute wounds can efficiently regulate ROS
production, decreasing their levels along with the inflammatory phase
progression, in non-healing wounds, it has been shown that an elevated
amount of ROS is maintained. This fact mainly occurs because most
of patients with chronic wounds suffer from comorbidities (diabetes,
vascular diseases, aging process, obesity) that additionally increase ROS
production and decrease physiologic antioxidant defences, giving rise
to a situation of OS [7- 12].
In this context, a strategy that could manage the excess of ROS, can
significantly contribute to overcome the inflammatory phase, and help
to wound progression over the healing process. This way, we detected
an antioxidant technology*, indicated for the inflammatory phase of
complex wounds. An evaluation of product feasibility, performance,
and utility in daily practice has performed, in order to develop a
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practical guide for the local nursing community and decide its potential
inclusion in the panel of available products for wound management
[13].
Antioxidant treatments consist of a lyophilized absorbent matrix,
made of a galactomannan from vegetal origin obtained from the
seeds of the carob tree and a matrix hydration solution that contains
curcumin and acetylcistein. The three components act synergistically
giving the product a potent antioxidant activity [14,15].
Here it is presented the research of a group of specialists in chronic
wound care of Andalusia Public Health System (Spain), in charge of
new technologies analysis, about the first natural dressing specifically
directed to manage the excess of free radicals in wound environment
during inflammatory phase, with the aim of improving healing process
specially in non-healing wounds. *Reoxcare (Reoxcare.com; Histocell,
Spain)
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Methods

• To be less than 18 years old

Study design

• Intolerance to any of the components of antioxidant dressing

Patients with complex wounds were recruited at nine different
primary care units in West Health District of Almeria (Spain) coordinated
by a wound care specialist from April 2017 to January 2019.

• The patient cannot be followed up due to any circumstances

Data collected from each patient included:

• Demographic characteristics (age and sex)
• Patient's clinical background (concurrent diseases, other medications)
• Initial description of the wound (etiology, duration, size, location,
VAS score)

A cut-off of 12 weeks (or healing, if occurred before) was established.
Wounds were assessed at weeks 4, 8 and 12 to determine their evolution.
Main variables of evolution of wound healing included RESVECH
2.0 score, healing rate (%) and pain (visual analog scale-VAS) [16,17].
A secondary variable studied the presence of biofilm in the wound bed:

• RESVECH 2.0 score is a useful and validated tool to assess wound

evolution that takes into account six main parameters: size of the
lesions, depth and involved tissues, wound margins, type of tissue
in the wound bed, level of exudates, presence of signs of infection/
inflammation. The scale is scored numerically, with values ranging
from 0 to 35 points. Both ends of the scale correspond to a healed or
to the worst possible wound, respectively. Data collection sheets for
RESVECH 2.0 have clear operational definitions for each item with
a numerical value that should be assigned to each variable/condition.

• Wound healing rate was estimated following Lundeberg et al. formula

[18]: % wound healing rate = initial area - area at different times /
initial area × 100

• Presence of biofilm was determined according to clinical identification
algorithm developed by Metcalf et al. [19,20], indicating biofilm
presence or absence at each time point for every wound.

Study population
The study included 31 adult patients (≥ 18 years) presenting nonhealing wounds from different aetiologies, with the aim to activate the
wounds that were stalled in the inflammatory phase.
Inclusion criteria included patients with wounds with torpid
evolution which complained with established criteria by wound care
specialists for referral:

• Wounds where bacterial burden have been managed adequately at
least for two-four weeks without positive evolution.

• Wound evolution period is long enough to consider it as torpid
wound.

• Wound presents around 6 weeks of evolution without an improvement
in RESVECH 2.0 score.

• Wound presents more than 12 weeks of evolution without clear signs
of improvement.

• Wound care specialists considered antioxidant bioactive dressing as
an appropriate treatment for the wound, independently of their type
or etiology.
Following exclusion criteria were considered:
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• Short life expectancy
• Wound care specialist after analyzing previous applied treatment

protocol detects that it can be improved. In this case a recommendation
for treatment improvement was performed to be followed by primary
care nurse.

Wound management
During the treatment with antioxidant dressing, all patients were
managed according to good standard of care. Briefly, a general protocol
was established for wound management that included the following
steps: 1. Cleaning the wound with sterile physiological saline solution; 2.
Antiseptic (clorhexidine solution) application; 3. In case of the presence of
non-viable tissues in the wound bed, a sharp debridement was performed
to deep clean the wound as much as possible; 4. In moderate and highly
exudative wounds, a barrier system was applied in the perilesional skin
that included barrier creams with zinc, emollient-hydrating creams or
HOFA (hyper-oxygenated fatty acids), depending on the patient´s skin
condition; 5. Antioxidant bioactive dressing application as primary
dressing in contact with wound bed; 6. Cover primary dressing with a
polyurethane foam with or without silicone adhesive border, depending
of the wound and patient perilesional skin; 7. Apply compressive therapy
if it is indicated.
For antioxidant technology application, instructions from product
leaflet were followed. Briefly blister with galactomannan vegetal matrix
was opened, hydration solution directly poured over the matrix and after
around one minute to achieve complete matrix hydration, it was directly
applied to the wound bed. Wound was covered with the polyurethane
foam as secondary dressing for exudates management and to retain
antioxidant primary dressing. Dressings was changed every 2-4 days,
depending on the level of wound exudates. Antioxidant dressing is a
sterile single use medical device class IIb.

Stattistical analysis
Descriptive results were presented as percentage for qualitative
variables, and mean, standard deviation (SD), range, and median for
quantitative variable. All statistical analyses were performed using
GraphPad Prism 5 (GraphPad Software Inc., San Diego, California).
Values were expressed as mean ± standard deviation. Evolution over time
was analysed using repeated measures ANOVA (Analysis of variance)
and non-parametric Friedman test. Comparison between defined times
were performed using Student's unpaired t-test. All p values were twotailed and p values less than 0.05 were considered significant. Biofilm
related statistics were performed using χ2 test to analyse contingency
tables.

Ethical aspects
Study was approved by Ethics Committee (approval code 48/2016)
from Andalusia Health System, which confirmed that the study complies
with ethical principles according to Helsinki Declaration (2013) and
International Codes. Before entering the clinical trial and following
study protocol guidelines, all patients read the study information, had the
opportunity to ask questions to the attending nurse, signed the informed
consent, which ensured data confidentiality and offered the choice to
withdraw.
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Results
A total of 31 patients were recruited from West Health District of
Almeria (Spain) in different wound care units. Out of these, 21 (67.7%)
were men and 10 (32.2%) were women. All patients were Caucasian
with a mean age of 63.68 ± 15.27 years (range: 26-90; median 62 years)
(Table 1).

A representative profile of a patient of the study included the
following characteristics: 64 year old male with comorbidities and
underlying pathologies that hinder the normal healing progression
with an important inflammatory component. The wound had 1 year
of evolution, with an initial size around 20 cm2, and RESVECH 2.0
score of 17. He had moderate pain (5/10 VAS scale) in wound area and
presence of biofilm.
Overall, 31 wounds were treated with a mean dressing change of
every 3 days (2-4 days). Evolution of the wound healing, assessed by
RESVECH 2.0, showed significant differences over time, as determined
by Friedman Test (p<0.0001). RESVECH 2.0 reduced 37.28%, 58.52%
and 67.8% at 4, 8 and 12 weeks respectively from the start of antioxidant
dressing treatment (Figure 2). Similarly, percentage of wound healing
rate significantly increased over time (Friedman test p<0.0001), and
was 40%, 63% and 71% at 4, 8 and 12 weeks (Figure 3), respectively.
Over the 12 weeks follow-up time 16/31 wounds totally healed (50%)
Another primary endpoint was the analysis of pain during the
treatment with antioxidant dressing by VAS scale. Measurements
Table 1. Patient demographics
Mean age ± standard deviation (years)

63.68 ± 15.93

Range, (median) years

26-90, (62)

Figure 2. Evolution of wound healing during the study, assessed by RESVECH 2.0 scoring
system (error bars represent 95% confidence interval). Statistical differences were found
with respect to the start of the treatment at all timepoints (Friedman test, p<0.0001). There
were also differences when comparing week 4 with respect to week 8 (*p<0.05) and week
4 with respect to week 12 (&p<0.0001)

100

% wound healing

All patients suffered from hard-to-heal wounds with a mean
evolution time of 11,97 ± 15,27 months (range 2-74 months). Most
of patients had important comorbidities such as type II diabetes or
venous disease with specific therapeutic treatments. Wounds were
mainly located at lower limbs (83%) and the following etiologies were
included: venous leg ulcers (13), pressure ulcers (3), spider bite (2),
arterial ulcer (2), calciphylaxis ulcer (2), burn (1), neuropathic diabetic
foot ulcer (1), cat scratch at origin but turned to a complex wounds with
8 months of evolution (1), multicausal (1), tumoural wound (1), wound
after cranioplasty (1), actinic keratosis (1), post-surgery wound (1) and
pilonidal sinus (1) (Figure 1).
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Figure 3. Percentage of wound healing over baseline during the treatment with antioxidant
wound dressing. Statistical differences were found over baseline at all time points (One
way ANOVA Friedman test, p<0.0001), and when compared week 4 with respect to week 8
(*p<0.05) and week 12 (&p<0.001)

revealed a significant decrease in pain evolution (Friedman test
p<0.0001). There was a reduction of 43.8%, 66% and 77% over baseline
at 4, 8 and 12 week respectively. Additionally, there was total pain relief
in 77% of the wounds at the end of the study (Figure 4).
In addition, there was a reduction of the presence of biofilm during
the treatment with Reoxcare. Number of wounds with biofilm was
detected in 58% and 9.6% of total wounds at weeks 4 and 12 respectively,
from the start of antioxidant dressing (Figure 5). At weeks 8 and 12, the
same two wounds presented persistent biofilm presence (neuropathic
and arterial etiology), nevertheless both wounds din not stop healing
progression and showed a good evolution overtime.
The following cases show representative histories and evolutions
with antioxidant dressing in three patients with chronic wounds from
different etiologies.

Case 1 - Pressure ulcer
Figure 1. Etiologies of the wounds included in the study with bioactive antioxidant dressing
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Figure 6 shows a 57-year-old patient with tetraplegia, kidney
failure, hypertension, lymphedema and diabetes. Patient presented
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a pressure ulcer category IV, located at right ischium, cavitated and
with 25 months of evolution. The wound had recurrent infection and
was stalled in the inflammatory phase. Wound bed presented sloughy
tissue and biofilm. At week 8, the treatment with antioxidant dressing
achieved 74% of wound closure rate, significantly contributed to
elimination of biofilm and devitalized tissues, and induced granulation
tissue formation. At week 12, 89% wound healing rate was achieved
and final closure was reached at week 20.

Case 2 - Calcifilaxys wound

Figure 4. Pain assessment by Visual Analog Scale (VAS) determination during the
treatment with the antioxidant dressing. Statistically significant differences were found with
respect to the start of the treatment at all time points (Friedman test, p<0.0001), and when
comparing week 4 with respect to week 12 (**p=0.008)
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Figure 5. Presence of biofilm in the wound bed. Number of wounds with biofilm,
determined following clinical observation (algorithm developed by Metcalf et al). It was
observed a significant decreased of biofilm presence during the treatment with antioxidant
dressing (Chi-square, p<0.0001). Significant differences were also found when comparing
week 4 with respect to week 8 and 12 (Chi-square, **p=0.001)

b

a

Figure 7 shows a 68-year-old woman with chronic renal failure
(previous renal transplantation), secondary hypertension and
deterioration of skin integrity among others comorbidities. She
presented a calciphylaxis ulcer with 4 months of evolution located
at outer third middle of the left leg. Wound had eversion in edges,
moderate level of exudates, sloughy tissue, signs of local infection
and severe pain (VAS 9/10). Treatment with antioxidant dressing
dramatically reduced pain to 5/10, 3/10 and 0/10 at 4, 8 and 12 weeks
from treatment start, respectively. Wound size reduced 73% at week 4 of
treatment and wound closure was achieved at week 12.

Case 3 - Venous leg ulcer
Figure 8 shows an 82-year-old woman with vascular
insufficiency, valve disease, poorly controlled anticoagulant treatment
(Acenocoumarol), hypertension and chronic renal insufficiency. Patient
suffered a leg trauma that produced a non-absorbable hematoma,
previously treated with TPN. At the start of antioxidant treatment, ulcer
was 6 months in evolution and was considered as a venous leg ulcer
with a traumatic origin with presence of unhealthy granulation tissue
in the wound bed, compatible with local signs of infection and presence
of biofilm. Treatment with antioxidant dressing decreased patient pain
from 7/10 to 2/10 at week 12 of treatment and a 97% of wound closure
was obtained at the end of the study.

c

Figure 6. Case 1. Pressure ulcer category IV of 25 months of evolution in a 57-year old patient located on the ischium. Representative images at the beginning of the treatment (a) and
evolution at week 8 (b) and week 12 (c) are shown. A wound closure rate of 74% and 89% was obtained at week 8 and week 12 of treatment with antioxidant dressing, respectively

b

a

c

Figure 7. Case 2. Calciphylaxis ulcer in a 68-years old patient with 4 months of evolution. Representative images at the begining of the treatment (a) and evolution at week 8 (b) and week
12 (c) are shown. The healing process was stalled with severe pain and presence of devitalized tissue. It has been observed a significant evolution of wound healing with a 96% reduction of
wound size at week 8 and final closure was already achieved at week 12 of treatment
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b
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Figure 8. Case 3. 82-year old patient with a 6-months venous leg ulcers. Images show the evolution of the treatment after antioxidant wound dressing at the beginning (a), at week 4 (b) and
week 8 (c). Wound size decreased 97% at the end of the study and a significant relief in wound pain was achieved, from 7/10 to 2/10 in VAS scale after 12 weeks of treatment

Discussion
One of the principal aims of Wound Care Specialists in Andalusia
Public Health System (Spain) is to lead and promote research in
chronic wound area and generate new protocols for wound care local
practitioners in order to improve patient quality of live. This work
presents a cases report about the application of a new antioxidant
treatment indicated to the inflammatory phase of non-healing wounds.
Patients included in this work were referred from 9 different primary
care centers to chronic wound care specialist who coordinated the new
treatment application and evaluated wounds evolution. All wounds
were considered as non-healing wounds, as they complained with
inclusion and exclusion defined criteria.
Most of patients exhibited recurrent wounds, with presence of soft
devitalized tissues, and biofilm was detected in all of wounds according
to clinical identification algorithm developed Metcalf et al. [20,21].
Some of the wounds also showed an important bacterial burden
with signs of local infection [21,22]. All ulcers had not responded to
previous treatments based on good standards of care. These included,
among others, the control of bacterial bioburden using debridement
techniques if required, adequate management of exudates to avoid
maceration and compressive therapy in leg ulcers if indicated [23]. This
way, antioxidant bioactive wound dressing is indicated for these type of
wounds, stalled in the inflammatory phase to active wound progression
through the management of oxidative stress situation, one of the main
factors that contribute to inflammation persistence in damaged tissues
[24]. taking into account the characteristics of included wounds, a
12-week follow-up was considered as adequate to determine product
functionality, including wound assessments at 4, 8 and 12 weeks after
treatment with antioxidant dressing.
RESVECH 2.0 wound assessment tool was applied to determine
the evolution of the healing process [25,26]. This method allows the
simultaneous assessment of key parameters that indicate the progression
towards healing. In this case, a significant decrease of RESVECH 2.0
was observed with the treatment of antioxidant dressing, especially at
the first 4 weeks of treatment, pointing out the role of this treatment in
the first inflammatory phase of wound healing. Furthermore, at week
12 healing rate was 71%, and 50% of the wounds totally healed. The
achieved healing rate in this study can be considered favorable with
respect to previous studies that pooled healing rates in chronic wounds
and estimated an average complete closure rate of 31% (8-20 weeks) or
10% for chronic venous leg ulcers (27 weeks) [27,28].
Pain is a common factor in patients that present chronic wounds
[29,30], and the increase in the level of pain is related with wound stage
and treatment procedures (inflammation, selection of the dressing, type
of debridement, presence of infection or use of unsuitable products).
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These factors cause a continuous state of poor quality of life in patients
[31-33]. In this case, treatment with antioxidant bioactive dressing has
been associated with the progression from inflammatory to proliferative
phase of wound healing, which leads to significant decrease in pain
(VAS scale measurements) and improvement in patient welfare.
On the other hand, it is reported that the presence of biofilm may
be assumed in all chronic wounds [34]. Apart from following clinical
recommendations to the control of biofilm, that rely on appropriate
debridement [35-37], the synergic action of components of antioxidant
dressing could prevent and contribute to eliminate biofilm [38].
Galactommanan present in absorbent matrix can have a physical effect
over biofilm layer and acetylcistein and curcumin, have been described
to have anti-biofilm activity [39-41]. In this study, deep cleaning
with debridement if possible in each dressing change, in addition to
antioxidant dressing, achieved elimination of biofilm in 90% of total
wounds at 12 weeks of follow-up assessed by clinical observation.
Results showed that antioxidant dressing could at least avoid biofilm
interference in wound evolution. Further analyses are being conducted
to determine the specific mechanisms through which the antioxidant
dressing interacts with biofilm, using specific in vitro techniques that
allow direct visualization and determination of wounds biofilm [42].

Conclusion
The study performed by chronic wound care specialists from
Andalusia public Health System (south of Spain) concluded that
antioxidant wound treatment is a suitable therapeutic alternative to
achieve wound activation of non-healing wounds. The application of
the treatment to complex wounds of different etiologies, resulted in a
significant progression of healing evolution (improvement in wound
closure rate and RESVECH 2.0) and pain relief. In addition, antioxidant
dressing contributed to biofilm control in combination with deep
cleaning of wounds in each dressing change. Furthermore, dressing
demonstrated good performance for daily clinical practice and was
very well tolerated by patients.
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