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The safety and efficacy of a novel superoxidized solution
(Dermacyn™ Wound Care [DWC], Oculus Innovative
Sciences, Petaluma, Calif) was evaluated for the treatment
of wide postsurgical infected ulcers of the diabetic foot. A
group (group A, n = 18) of patients with diabetes mellitus
who had postsurgical lesions >5 cm? without ischemia or
infection were recruited consecutively and treated with
DWC-saturated dressings. These dressings were renewed
once daily and were compared with a group of patients
that had been previously treated with diluted povidone
iodine (group B, n = 15) using a quasi-experimental study
design. Both sets of patients also received standard sys-
temic antibiotic therapy, as per the practice in this center,
and local surgical debridement. Patients had weekly
assessments until wounds had re-epithelialized com-
pletely. Patients in group A had statistically significant

shorter healing time and duration of antibiotic therapy
and a higher healing rate at 6 months compared with
those in group B (p <.01). Recurrence of infection, require-
ment for debridement procedures, and requirement for
minor amputations were significantly less frequent during
follow-up in group A patients (p < .05) when compared.
with those in group B. These preliminary data suggest that
DWC used as a wound dressing together with other local
and systemic therapies may have a role in reducing heal-
ing time as well as complications in patients with diabetes
who have postsurgical lesions of the diabetic foot. These
data propose the need for a robust controlled study of
DWC-saturated dressings to explore its full potential.
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linical management of the diabetic foot is complex
with many different management therapeutic
options, all of which have to be considered"* in com-
ing to a decision. Offloading, revascularization, and
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control of infection are essential in the acute phases of
the disease and have to be addressed to avoid thera-
peutic failures and recurrences.? The management of
acute infected lesions of the diabetic foot is probably
the most complex clinical problem in this pathology.
Infections in the diabetic foot are serious because they
may evolve, rapidly involving deep structures such as
tendons, joints, and bones putting the patient’s foot at
risk of amputation and even putting the patient at risk
for death. The situation is further complicated by the
presence of peripheral arterial disease.’® Guidelines
for the treatment and management of the diabetic foot,
outlined in the international consensus document on
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the diabetic foot, recommend systemic and local treat-
ments with the aim of encouraging wound healing and
avoiding complications.*

Drainage and aggressive surgical debridement, com-
bined with adequate systemic antibiotic treatment, are
the cornerstones of therapy, especially in cases involving
deep structures, which frequently lead to wide open
lesions that can have difficulty in healing.>®

In these circumstances, the use of local antiseptic
solutions is controversial with no robust evidence to
support the efficacy to achieve wound sterilization.
There is clinical evidence that such solutions are widely
used to reduce local bacterial load and to prevent fur-
ther infection during the follow-up of wide postdrain-
age lesions, which may last for several months.”
Dermacyn™ Wound Care (DWC, Oculus Innovative
Sciences, Petaluma, Calif) is a novel superoxidized
solution (SOS) made from the electrolysis of water
and sodium chloride to generate reactive species of
chlorine and oxygen. It is pH neutral. This solution
has previously been used as an antibacterial agent for
surgical hardware and has been proposed for use as
an antiseptic in various conditions including chronic
wounds. Studies have shown that the solution is non-
toxic, and it is reported to accelerate wound healing
in the rat model."*"*

In this article, a study of the safety and efficacy of
DWGC compared with standard treatment in the man-
agement of wide postdrainage lesions of the infected
diabetic foot is reported using a quasi-experimental
(nonrandomized) study design.

MATERIALS AND METHODS

All patients with diabetes mellitus who underwent
surgical debridement or drainage to treat diabetic foot
infection in our department to treat diabetic foot
infection between June and December 2004 were con-
secutively screened for entry into the study. The
inclusion criteria were as follows: diabetes mellitus
type 1 or type 2 according to the international guide-
lines for the diagnosis of diabetes'; a postsurgical
lesion wider than 5 cm?* graded 3B according to the
Texas University grading scale; a lesion involving
deep structures such tendons, joints, and bones™;
transcutaneous oxygen tension (TcPO,) > 50 mm Hg
distal to the ankle; and the presence of infection as
documented by local and systemic signs with confir-
mation by positive microbiological investigations.

Patients were excluded in cases of bilateral ulcer-
ation, active or previous Charcot’s foot, peripheral
arterial disease not amenable to revascularization, or
a life expectancy less than 1 year.
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Fig. 1 Equipment used for daily irrigation of the lesions with
Dermacyn. A catheter, gauze, and a syringe. All items were sterile
and disposable.

Patients who underwent lower limb revascular-
ization, either surgical or endovascular, were admit-
ted only if TcPO, measured at the dorsum of the foot
after the procedure was >50 mm Hg.

The study protocol received the approval of the
ethical committee of our hospital. Prior informed
consent was obtained from participating patients.
Foot lesions were measured using a tracing with
polyurethane film and were subsequently pho-
tographed. This was followed by surgical debride-
ment up to healthy viable tissue. The dressing of
lesions was a sterile gauze soaked with DWC, which
was renewed daily via a catheter to keep the gauze
saturated with the solution (Figure 1). The foot was
then bandaged. Patients were instructed to off-load
the foot either by bed rest or by using a wheelchair
when required. The inner gauze of the dressing was
changed every 3 days until the patient was dis-
charged. After the patient was discharged, the inner
gauze was changed at weekly intervals at the foot
clinic and the dressings were kept in place with post-
operative shoes, which were wrapped in self-adherent
bandages.” Patients and their relatives were given
instructions on how to replace the DWC in the dress-
ing to keep it saturated.

Patients received antibiotic therapy, which was
discontinued if the results from 2 consecutive micro-
biological screens were negative and there were improve-
ments in local and systemic signs of infection such as
edema, erythema, increased temperature, discharge,
tenderness, fever, or leukocytosis.

Concomitant medication was recorded through-
out the study during the inpatient phase of the study
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Table 1. Patient Demographics

Group A Group B P
Number (DM1/DM2) 18 (4/14) 15 (3/12) n.s.
Age — yrs 62.4 = 9.7 (58.1-67.5) 63.7 = 12.2 (58.2-68.9) n.s.
Duration of Diabetes — yrs 21.7 + 10.3 (17.1-26.4) 19.8 + 9.1 (14.4-25.2) n.s.
HbA1lc — % 8.2 1.1 (7.8-8.6) 8.8 +1.9 (8.4-9.2) n.s.
Area of the lesion — cm? 25.8 + 10.4 (19.7-31.8) 20.2 + 12.3 (15.3-25.7) n.s.
Duration of ulceration — days 95.7 + 52.4 (68.3-116.3) 78.3 + 65.8 (63.9-92.2) n.s.

n.s. = not significant.

and at the weekly outpatient clinic visits. At each
outpatient visit to the clinic, foot lesions were mea-
sured and photographed and any recurrence of
infection was recorded.

In addition, adverse events were recorded and
when necessary new local debridement was done.
The necessity and the extent of debridement for each
patient were evaluated during the study by the same
diabetologist who had proven experience in the man-
agement of foot ulceration. Lesions were assessed
according to the following variables: presence of
necrosis, purulent secretion, fistulae, abscesses, fluc-
tuation, and bone fragmentation cellulitis. These
patients were classified under group A.

Patients were followed up to complete healing of
the wound, which was considered as complete
re-epithelialization for closure by secondary intent or
with skin grafting. In the case of skin grafting, heal-
ing time was recorded at the moment of desuturation
if the wound had completely closed. For wound clo-
sure by secondary intent, healing time was recorded
after complete re-epithelialization had occurred.

The primary endpoints of the study were healing
time, number of adverse events, and the proportion of
patients whose wounds had healed at 6 months.
Duration of antibiotic therapy, the number of recurrent
or new infections, and the number of eventual new
surgical procedures were the secondary endpoints.

We compared patients in group A with another
group of patients (group B) who had previously
received the standard treatment of 50% povidone
iodine diluted with saline (group B) within the pre-
vious 12 months in our department in this center.

DATA ANALYSIS
Results were expressed as mean + standard devi-
ation (95% confidence intervals CI) and were ana-

lyzed using ANOVA for healing times, chi-square
test for the proportion of patients healed at 6
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months, the incidence of reinfection, the incidence
of surgical debridement procedures, and the inci-
dence of minor amputations and Mann-Whitney test
for the duration of antibiotic therapy. All analyses
were done using commercial software (Statview®,
SAS Institute, URAY, NC). Statistical significance
was set at the 5% level.

RESULTS

Twenty-two patients fulfilled the inclusion and
exclusion criteria, but only 18 were enrolled. Three
out of the 4 patients not enrolled were unable to
attend all the control visits because of the distance
between their homes and the foot clinic. The
remaining patient did not give informed consent.
The patient demographics for both groups are pre-
sented in Table 1.

All of the patients in the study had lesions, which
were a consequence of surgical debridement and
included conservative minor amputations, necrosec-
tomy, and drainage. These were allowed to close
with secondary intent.

At baseline, there were no significant differ-
ences between the 2 groups in the number of minor
amputations (9 in group A versus 8 in group B, not
significant). This was also the case for the number
of revascularizations in the 2 groups (8 in group A
versus 8 in group B, not significant). No adverse
events occurred in the patients in group A, but 1
patient in group B withdrew on account of topical
dermatitis.

At the end of the study at follow-up, the frequency
of minor amputations was significantly greater in
group B compared with group A (see Figure 1).
Healing times were significantly faster in group A
patients compared with patients in group B, mean *
1 SD (95% CI) (144.6 + 39.2 [125.4-163.6] versus
212.3 +67.8 [178.6-246.9] days, P =.00361). In addi-
tion, the proportion of patients healed in 6 months
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Fig. 2 A case managed with Dermacyn. A) a wide necrotic area in the Achilles tendon region caused by the presence of ischemia and
infection induced by trauma from shoes. B) The patient after revascularization, surgical debridement, and 2 weeks of treatment with
Dermacyn-saturated dressings. Granulation tissue is present over 100% of the lesion and completely covers the exposed tendon. C) The
lesion after another month of treatment with Dermacyn-saturated dressings. A reduction of 25% of the lesion area is noticeable in addi-
tion to reduction of the perilesional inflammation signs. This lesion was then suitable for grafting. D) The lesion 3 weeks after the graft-

ing procedure. Complete epithelialization has occurred.

was significantly higher in group A than in group B
(87.5% vs 51.4%, P =.00827).

The duration of antibiotic therapy was shorter in
group A than in group B patients (74.7 + 32.1 [59.1-
90.3] vs 129.6 + 54.4 [98.2-159.9] days, P = .01373).
The incidence of reinfection was significantly less
among patients in group A compared with group B
(4 vs 9, P = .00154). This was also the case for
the incidence of surgical debridement procedures
during follow-up (6 for group A vs 16 for group B,
P=.00121).
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There were no differences in healing rates and
times between patients who underwent successful
revascularization and those who did not need it in
both treatment groups.

DISCUSSION
The aim of this study was to examine the use of
DWC-soaked dressings plus our standard therapy

against our previous treatment regime using a quasi-
experimental (nonrandomized) study design. The
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Fig. 3 The number of minor amputations in both groups at baseline
and after follow-up. In the group managed with povidone-iodine
dressings (group B), the number of minor amputations following
debridement procedures significantly increased in contrast to the
group treated with Dermacyn (group A).

only difference between the treatment regimes for the
2 groups was the method used for wound dressing.

The management of infected lesions of the diabetic
foot is probably the most demanding task in this field
and involves off-loading of the wounds, revascular-
ization, and surgical debridement in addition to sys-
temic antibiotic therapy.'® Topical antiseptics are
widely used in clinical practice to prevent recurrence
of infection, especially in postsurgical lesions that are
left to heal by secondary intent."” This study shows
that the DWC-soaked dressings method was safer
and more effective than our previously used standard
treatment in the management of wide and deep lesions
of diabetic feet that were secondary to surgical debride-
ment or drainage.

DWC-soaked dressings use was associated with
a shorter healing time and a higher proportion of
patients who were healed in 6 months, both findings
being statistically significant as presented in the pre-
vious section. There was concomitant reduction in
the frequency of recurrent infection and in required
additional surgical procedures during follow-up in
this group. We consider the results from this study
to be important because deep infection of the feet of
patients with diabetes increases the risk of patients
requiring partial or full amputation of the foot.'®*?

Any treatment strategy to manage the diabetic foot
is complex and should focus on reduction of infec-
tion. This may include aggressive surgical debride-
ment to remove nonviable tissue, reduction of the

26 LOWER EXTREMITY WOUNDS 6(1);2007

bacterial load with systemic antibiotics, revascular-
ization if required, and local management of the
lesion. A lesion may be wide and deep as a result of
the debridement, therefore leaving it more exposed
to reinfection. This is coupled with the fact that the
immune response of a patient with diabetes may be
impaired. The situation is further complicated by
the complex anatomy of the foot, and infection can
involve deeper structures such as joints and bones.
The use of topical antiseptics could help reduce the
bacterial load and the risk of recurrent infection.?

We postulate that the mechanism of action of
DWC is related to the many different reactive species
present in the SOS as a result of electrolysis. Their
action is related to their ability to break bacterial cell
walls and to inactivate the cytoplasmic enzymes of
many strains of bacteria, which was reported from
studies using electron microscopy.'*"

In preclinical studies, SOSs have been shown to
have broad antimicrobial activity and healing prop-
erties.”” Pilot studies in humans have been encour-
aging in various conditions.”?” The major problems
with SOSs have been related to their toxicity in liv-
ing tissues because of their pH, and their stability
over time.” DWC has been shown to be safe in sev-
eral tissues including dermis, mucosa, and peri-
toneum.?® In contrast to other SOSs, it is stable over
time and has a shelf life of greater than 1 year, which
is important in clinical practice.

One of the most important observations from this
study was the shorter duration of required systemic
antibiotic therapy and the reduced number of debride-
ment procedures, which were required by patients
treated with DWC. The reduction in the number of
required procedures in this group may be associated
with the observed improved wound healing in group
A (treated DWC dressings), though we did not test for
the statistical validity of this observation.

We compared DWC-soaked dressings with those
soaked using povidone iodine. Povidone iodine has
been shown to be an effective antimicrobial agent for
the treatment of various conditions and is routinely
used for the management of chronic wounds.*** The
significantly faster healing time and shorter duration
of required antibiotic therapy in patients treated
with DWC indicates that this SOS has superior
antimicrobial activity than povidone iodine, which
includes bacterial strains such as vancomycin- resis-
tant enteococcus and methicillin-resistant Staphylo-
coccus aureus.’ This observed effect may also be
attributed to other events that contribute to the
healing process such as stimulation of fibroblast pro-
liferation or angiogenesis.*?
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The results from this small study show that DWC
was more effective than povidone iodine in treat-
ing wide postsurgical infected wounds of the diabetic
foot and promoting healing. However, there were no
differences in safety between the 2 treatments.

Limitations of This Study

One limitation of this study was its design, which
was quasi-experimental, that is, nonrandomized.
The sample sizes were also small. We consider the
evidence to be good but at a level lower than evi-
dence that influences evidence-based practice. We
are cautious about the interpretations of these find-
ings and urge the need for a randomized control
trial. Such a trial is being undertaken in the authors’
department to further examine the findings pre-
sented in this report.
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