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(Abstract

The typical skin ulcer has been in existence for a while and is covered with necrosis and biofilm. These characteristics

~

play a role in the chronicity of these ulcers and, therefore, the lesions should be debrided so that granulation formation, an
essential step for healing by secondary intention, can start. Hypothesis: Debridement and subsequent granulation are supported
by the combination of topical desiccation agent (TDA, Debrichem, DEBx Medical, Rotterdam, the Netherlands) and NPWT.
TDA is a new debriding compound that works through desiccation: biological materials denature and coagulate together and
tend to rapidly separate from the underlying tissues, thus clearing the way for granulation. NPWT has been shown to contribute
positively to several aspects of the healing process as well, including the formation of granulation tissue. A prospective study
was conducted to assess whether the combination of TDA and NPWT would support the development of granulation tissue.
Results: 12 patients with different types of foot- and leg ulcers (average size: 308 cm?, average age: 13 months) participated in
the study. Five of the lesions were venous leg ulcers, two were arterial, and one was of mixed venous/arterial origin. One lesion
was post trauma (unknown etiology: N=3). All patients reached complete granulation in, on average, 13,2 days (range: 7-21).
Conclusion: The study indicates that the combination of TDA with NWPT is successful in removing biofilm and necrosis and

\supports the rapid development of granulation tissue, thus contributing to overall faster healing. )
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Introduction

Ulcers of the legs and feet lead to serious morbidity and
a significant reduction of the patient’s quality of life [1 2] while
their socioeconomical impact is high. For example, approximately
8% of diabetic Medicare beneficiaries have a foot ulcer [3, 4] and
the cost of treatment of these ulcers in the US for patients in the
Medicare system is estimated to be between 9 and 13 USS$ billion/
year (2019 data) [5].

Venous leg ulcers are estimated to occur in approximately
1% of the US population [6].

Suffering from such an ulcer increases the cost of care for a

patient on Medicare with, on average, $6.391 per year (2014 data)
[7]. In the UK, the direct cost of managing a patient with a venous
leg ulcer is estimated to be £ 7,706, which, for all patients with
such an ulcer taken together, represents an annual cost of more
than 2 billion pounds to the healthcare system [8].

Many typical skin ulcers such as venous leg ulcer and
diabetic foot ulcers are, depending on their type, characterized
and/or caused by aspects such as fibrin deposition, local oedema,
hypoxia, fibrosis and microcirculatory problems and these factors
also contribute to healing being stalled in a (hyper) inflammatory
state [9]. The typical ulcer is covered with necrosis and a biofilm.
These two characteristics play role in the chronicity of these ulcers
[10], since they also contribute to the hyperinflammatory wound
environment [11-17].
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Thus, treatment of these lesions should be directed at ridding them
of the detrimental effects of infection, biofilm, and necrosis [17-
26] and to return the inflammatory process to its “normal” levels.
Therefore, debridement is necessary [19, 22] so that granulation
tissue can start developing. This is an essential step for healing by
secondary intention [27, 28] which is how most of these lesions
heal.

Many therapies and methods are used to debride a lesion,
including surgical, hydrosurgical, enzymatic, biosurgical (with
maggots), biological, and ultrasonic techniques [1, 22, 29-32].
All have their owner benefits and drawbacks [18, 29-31], such as
a slow level of activity (enzymes and autolysis), and complexity
(hydrosurgery) [33, 34]. Surgical debridement is quick and
efficient [35-38] but requires specific expertise at a high cost and
needs to be performed in a specialized environment (i.e. operating
theatre) [36].

Topical desiccation agent (TDA) is a new compound that has
been designed as an alternative to surgical debridement. It works
through the desiccating properties of its main component, methane
sulfonic acid, and removes biofilm and necrosis effectively and
rapidly. In contrast to surgical debridement, TDA does not need a
great deal of specific expertise, nor a specialized setting [37-41].

The desiccation effect of the agent is virtually immediate;
biological materials denature and coagulate together and tend to
rapidly separate from the underlying tissues. There is no specific
requirement for dressings or other interventions after application
of TDA: these can be used at the physician’s discretion.

Negative pressure wound therapy (NPWT) generates a
number of local effects on the wound bed, including induction
of perfusion changes, and tissue micro- and macro-deformation
(which stimulate the wound healing cascade) [42-44]: these effects
contribute positively to several aspects of the healing process,
including the formation of granulation tissue through increased
angiogenesis [45]. In a prospective study on patients with pressure
ulcers, diabetic foot ulcers and venous leg ulcers, NPWT was
shown to be a positive adjunct to surgical debridement, promoting
wound healing [46, 47]. We decided to assess whether the
application of TDA, followed by the use of NPWT, would support
the development of granulation tissue..

Methods and Materials

A prospective, non-comparative study was being conducted
to assess the time to complete granulation of leg- and foot ulcers.
The study was approved by the ethical committee of the Villa
Berica Hospital in Vicenza (Italy), in line with the declaration of
Helsinki [48].

The main inclusion criterion for this study was the presence
of an ulcer that had not responded to ambulatory treatment for a
period of at least four weeks and that was clinically infected. The

infection was confirmed with wound cultures. Patients had to be
older than 18 years.

Exclusion criteria to the study were patients who were
pregnant or in whom the leg with the ulcer was ischemic without
being revascularized. Osteomyelitis, present underneath the ulcer,
was another exclusion criterion, as were exposed cartilage, signs
of systemic infection (fever, septic shock, etc.), and the patient
having a poor life expectancy.

Consecutive patients who would fit the exclusion- and
inclusion criteria and who were admitted to the clinic for elective
surgical debridement were enrolled in this study, and their surgery
was substituted by treatment with TDA.

The treatment protocol included basic cleaning of the wound
and the periwound skin with saline and subsequent application
of TDA over the lesion and about lcm onto the periwound skin.
After 60 seconds the agent was diluted and removed by rinsing
with water or saline (because of the short exposure period the
periwound skin, with its low water content of the stratum corneum,
is protected from the desiccating effects of TDA). The wound was
dried and NPWT (VAC, KCI/3M, St. Paul, Minn) was applied in
the same session. The protocol forbode the use of antibiotics, prior
or after the application of TDA.

NPWT was used with standard foam at -125 mm Hg with five
minutes “on” time and two minutes “off” time. Dressing changes
took place every two to four days and NWPT was stopped at seven
days post-application of TDA. The lesion was further dressed with
vaseline gauze until granulation formation, the primary outcome
of this study, was complete.

The primary objective of the study was to assess the efficacy
of TDA, namely to what extent removal of biofilm and necrosis
would lead to complete granulation and how quickly granulation
would be complete. The secondary objective was to assess safety,
by recording possible adverse events and side effects of the
treatment methods. Time to complete reepithelialization was not
part of the study since the study device is not designed to support
this particular healing phase.

The first patient was enrolled in March 2021. After six
months, the study had to be put on hold, since the clinic was turned
into a “Covid Hospital” and patients with non-Covid (related)
pathology had to be treated elsewhere. Therefore, we are only
presenting interim results of those patients with a complete record
at the time of the hospital conversion.

Results

After they had given consent, ten female and two male
patients participated in the study. The average age was 77,9 years
(range: 55-91). Seven of the lesions were located on the left lower
leg, and five on the right lower leg. Two patients had one ulcer on
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each leg: for these two patients we chose the largest ulcers for participation in the data analysis (both on the right leg). Five of the lesions
were venous leg ulcers, two were arterial, and one was of mixed venous/arterial origin. One lesion was post trauma and for three the

origin was not known (Figure I). Diagnoses were established clinically and, where and when necessary, with additional methods such as
ABI and ultrasound. No biopsies were taken.

Figure 1: Five of the lesions were venous leg ulcers, two were arterial, and one was of mixed venous/arterial origin.

The average size was 308 cm? (range: 60-1750) (Figure II). On average, the lesions had been in existence for 13 months (range: 4-48)
(Figure II), during which period they were treated with a plethora of varied materials.

Figure 2: the lesions had been in existence for 13 months (range: 4-48).

Percutaneous endovascular revascularization was performed in two patients, one day prior to the application of TDA. In two
patients, necrotic tendons were excised just prior to, but in the same session as the application of TDA.

For the procedure, a peripheral nerve block was used in seven patients, a spinal block in four patients and a topical 10% lidocaine
cream in the remaining one patient. The type of anaesthesia was determined, among other factors such a patients age and general
condition, by wound size and location and the level of pain expected. All patients reached complete, visually assessed, granulation in,
on average, 13,2 days (range: 7-21) (Figure 111, IV).
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Figure 3: visually assessed, granulation in, on average, 13,2 days (range: 7-21).

Clinical reinfection, confirmed through a culture, occurred in one of the patients, after the lesion had completely granulated.
For this patient, TDA treatment with subsequent NPWT was used again. This second application, nor the course of the wound healing
process, was integrated into the calculations presented in this paper since complete granulation had already occurred.
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Two patients took medications, known to interfere with
wound healing (azathioprine (N=1), prednisone (N=1)).

All patients suffered from hypertension. In addition, four
were diabetic and three patients suffered from hypercholesteremia.
Other concomitant conditions and diseases that each present in one
patient were severe Vit D deficiency, severe obesity, lymphedema
of the lower limbs, COPD, scleroderma, and depression.

When granulation was complete, the lesions were treated
with an autologous split skin graft (N=2), or a meshed epidermal
substitute (equine pericardium, HealingMesh, BioSynth Life-
Sciences, Gossolengo, Italy) (N=3). In seven patients vaseline
gauze, changed weekly, was used until reepithelialization was
complete.

Discussion and Limitations

Many chronic lesions are notoriously difficult to heal, due
to a series of internal and external factors that create a difficult
healing environment. Internal factors are divers, sometimes
virtually impossible to control (i.e., microangiopathy in diabetes)
and sometimes easy to correct (i.e., vein stripping, ablation in
venous leg ulcers).

Biofilm and necrosis, virtually always present in chronic
lesions, are two typical external factors that can be delt with,
however, primarily through proper debridement.

A biofilm protects bacteria from host immunities and
provides a high level of protection against antimicrobial agents,
both systemic [17] and, to large extent, topical [49, 50] as well.
Biofilm per se contributes to the chronicity of ulcers because it
contributes to and supports (hyper) inflammation [51, 52].

The presence of necrosis is also a major obstacle to (the
initiation of) healing [21, 26, 41, 53]. Thus, necrotectomy
(debridement) is a crucial step in wound care, necessary to eradicate
these two detrimental effects on the wound healing process.

The lesions assessed in this study were relatively large
compared to typical ulcers that are enrolled in clinical trials: often,
a limitation to the size is one of the inclusion criteria [54, 55].
Similarly, in many trials medications or comorbidities that have a
negative influence on wound healing are exclusion criteria: in this
evaluation, this was not the case and, thus, many patients had these
healing-compromising co-factors. In addition, per the protocol, all
lesions had to be clinically infected to be allowed to enroll in the
study. It is, therefore, fair to say that many of the lesions in this
analysis were hard to heal, although a formal run-in period was not
used to confirm this clinically.

In spite of these detrimental factors, granulation tissue, as
mentioned a necessary proviso for healing by secondary intention,
completely filled the lesions within, on average, 13.2 days with
a combination therapy of TDA and NPWT. The granulation

tissue per se was healthy, i.e., without hypergranulation or other
defects. As expected, within the short timeframe to granulation,
no significant changes in wound size occurred. There were no test-
treatment-related adverse events.

The single debridement (versus, typically, a number of
surgical debridement interventions) and the fact that these
interventions did not need to be performed in the OR was seen as
a practical advantage, as was the fact that the number of dressing
changes was limited. The administration of antibiotics was not
allowed in the study and was, indeed, shown not to be necessary.
All these aspects of TDA-NPWT interventions may contribute to
cost savings. Indeed, in a recent study with venous leg ulcers as a
model it was shown that the use of TDA is highly cost-effective
[56].

All procedures were executed using some form of anaesthesia.
It is important to realize that most debriding procedures also
do (or at least would) require some form of pain relief. This is
particularly also true for surgical debridement for which the TDA-
NPWT application is seen as an alternative.

Further comparative studies are planned in different
indications, where analyzing the speed and completeness of
debridement, in different types of lesions, followed by granulation
is the main objective.

The limitations for this study are inherent in the set-up:
this was a single centre, small, prospective, non-comparative
study with a number of patients with different diagnoses, ulcers
at various anatomical locations, different comorbidities, and an
unequal division of the patients’ sex. Thus, the results obtained
cannot necessarily be extrapolated to other settings. At the same
time, biofilm and necrosis are virtually omnipresent in the type
of lesions included in this study, and there is no specific reason
why their removal should not be one of the major objectives in
wound healing: after all, healing per secondary intention, the way
these lesions typically heal, cannot start without a wound bed filled
with granulation tissue [57-59]. Indeed, the removal of necrotic
material or biofilm from chronic lesions was proven successful
with our treatment protocol: after only one application of TDA and
only one week of NWPT with subsequent wound treatment with
vaseline gauze, all lesions reached complete granulation within, on
average 13.2 days. Because the presence of granulation is essential
for healing by secondary intention or, in certain types of eligible
lesions, the success of some type of grafting, it is fair to say that
fast granulation contributes to an overall faster healing process.

Conclusion

The combination of TDA and NWPT was proven successful
in removing biofilm and necrosis from a series of relatively large
lesions with different etiologies, in elderly patients with serious
comorbidities and medications that negatively affect wound
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healing. After the application of TDA and NPWT granulation
tissue rapidly filled the lesions.

Using this treatment regime may contribute to cost reduction:
shortening the period to complete granulation formation reduces
the number of treatment visits and dressings needed. In addition,
the debridement procedures themselves can be performed in a
simple medical setting and do not need a high level of expertise
which also may contribute to cost reduction.

These statements need to be, and will be, further explored in
a comparative study.
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