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The diabetic foot is a very complex and challenging dis-
ease involving the lower limb of 8 to 10 million people 
around the world.1 Its prevalence has dramatically 
increased in recent years, leading to significant loss of 
quality and years of life of the affected patient and creating 
a dramatic need for effective therapeutic answers.2 
Furthermore, 12% to 15% of overall diabetes costs are due 
to diabetic foot syndrome, and this percentage increases in 
developed countries up to 40%.3

While pathogenetic mechanisms have been well 
explained during recent years,4 current available treatments 
are still quite far from being adequately evidence-based.5 
This is partially explained taking into account that aware-
ness of diabetic foot syndrome and its management is only 
recently spreading among health care professionals after 
being relatively neglected for decades.6

The management of acute infected diabetic foot repre-
sents probably the most dangerous goal for a diabetic foot 
specialist.7 Foot anatomy indicates an organ rigidly divided 
into portions only minimally expandable, thus leading an 
initially superficial infection that rapidly evolve toward 
deep structures, involved early, and subsequently upward 
proximally to the leg.8 This evolution not infrequently puts 
the patient at high risk for major amputation.9 In such a con-
text, international guidelines recommend us to promptly 
and aggressively drain or debride the abscess or fasciitis, 
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Abstract
There are still many unmet needs in the treatment of chronic wounds, especially regarding microenvironment 
modulation. Nexodyn is a novel super-oxidized solution capable of contrast bacterial proliferation. We aimed to 
evaluate if this solution, on top of standard of care, was safe and effective in improving diabetic foot outcome. We 
selected 50 patients admitted in our department to be submitted to surgery for acute diabetic foot infection. All 
patients were left open to heal for secondary intent. We divided patients into 2 groups: Group A (n = 25, male/
female = 17/8, age = 67.3 ± 12.1 years, hemoglobin A1C = 7.9 ± 1.1%), patients treated with standard of care and, on 
top of this, Nexodyn solution, and Group B, treated only with standard of care. After discharge, patients continued 
Nexodyn application. We followed up patients until complete healing or up to 6 months. No differences between 
groups in healing rate, while time required for complete healing was significantly shorter in Group A (64.9 ± 12.1 
days vs 147.4 ± 23.1 days, P < .01). During follow-up, the group treated with Nexodyn showed a reduced rate of 
reinfections (12 patients in Group B vs 3 patients in Group A, P < .05) and of further debridement procedures (1 
patient in Group A vs 10 patients in Group B, P < .05). Nexodyn provided effective protection against reinfections in 
diabetic foot patients, thus reducing the necessity for debridement procedures and their healing time and presents a 
safety profile similar to saline solution.
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eventually leaving the foot open, to heal for secondary or 
tertiary intent.10 Systemic antibiotic therapy, adequately 
adapted according to an as-needed basis, represents another 
cornerstone in the treatment of these cases,11 besides a care-
ful vascular assessment and followed, if necessary, by a 
revascularization procedure.12

Local treatment, especially the use of local antiseptic 
solution, is still controversial with no strong evidence of 
effectiveness in achieving wound sterilization.13 In recent 
years, many solutions have been proposed to reduce local 
bacterial load and to prevent further infection during the 
follow-up of wide postdrainage lesions.14 Despite this, the 
search for an “ideal” solution for wound care is far from 
over. It should be able to control biofilm production, limit 
chronic and persistent inflammation, and, eventually, fight 
pH elevation due to bacteria production of pH-dependent 
proteases and toxic ammonia.15

Nexodyn is a sprayable acid-oxidizing solution devel-
oped for the topical management of acute and chronic 
wounds able to create a local microenvironment that 
reduces microbial growth and supports physiological 
wound healing. The main product features are the pres-
ence of stabilized hypochlorous acid (HClO), represent-
ing more than 95% of the free chlorine species contained 
in the solution, acidic pH (below 3), and a high oxidation 
reduction potential.

HClO is a broad-spectrum, fast-acting antimicrobial 
agent naturally produced by neutrophils able to easily 
penetrate the bacterial wall to exert its biocidal activity, 
which is about 80 times stronger than the negatively 
charged hypochlorite ion. In vitro studies showed other 
outcomes that are thought to be beneficial for the wound 
environment. The low pH combined with a high oxida-
tion-reduction potential exert a hostile action on patho-
gens, reinforcing the known biocidal activity of HClO. 
These physicochemical mechanisms act in 2 ways: on one 
hand physically damaging the cellular membrane of 
microorganisms and so inactivating their defense mecha-
nisms and on the other hand modifying the biofilm 
microenvironment.16

Concerning the latter, an in vitro study on human epider-
mis showed that this acid-oxidizing solution also has an 
action against biofilm. Specifically, this solution was 
observed to induce morphological changes to the extracel-
lular polymeric substance matrix, promoting the exposure 
of planktonic bacteria, and making them more accessible to 
further cleansing, so counteracting their tendency to encap-
sulate in colonies well protected by the extracellular poly-
meric substance matrix.17

All these results, together with initial clinical evidences, 
suggest a multifactorial modulation of the wound microen-
vironment that might help the restart of granulation tissue 
deposition and the creation of healthy tissues to, eventually, 
improve wound healing.

Research Design and Methods

The aim of this study was to evaluate the safety of such a 
composed super-oxidized solution when applied on top of 
standard treatment in a home care setting. Furthermore, we 
aimed to evaluate its effectiveness in improving outcomes 
of postsurgical diabetic foot lesions.

Patients and Methods

From October 2014 to December 2014, we selected all 
patients admitted in our inpatient clinic, who underwent 
surgical procedures and who were left open to heal for sec-
ondary intent. Exclusion criteria were presence of infection 
or peripheral arterial disease after surgical debridement, any 
cause of immune-depression other than diabetes, local or 
systemic documented intolerance to some of the local treat-
ments used, and life expectancy less than 1 year.

Medical records were analyzed before discharge to pro-
vide a number of demographic characteristics and risk fac-
tors. The following parameters were searched (where not 
otherwise defined, all the parameters were assessed by 
common laboratory kit assay): body weight, systolic and 
diastolic blood pressure, fasting plasma glucose, glycohe-
moglobin (A1c), fasting total cholesterol and fractions, 
serum creatinine, and fibrinogen.

Cardiovascular risk factors such as presence of hyper-
tension, ischemic heart disease (by history and duplex scan-
ning), cerebrovascular disease (by history and ultrasound 
analysis), and chronic kidney disease (creatinine level >1.5 
mg/dL), or hemodialysis were evaluated in all the patients. 
Neuropathy was evaluated as previously described,18 and 
retinopathy through indirect and direct retinoscopy and 2 
nonstereoscopic 45° retinal photographs for each eye.

Presence of Infection

The presence of clinical signs of infection represents, as yet 
defined, an exclusion criterion for study enrollment. 
Systemic infection was defined according to fever or 
increase in white blood cell count, erythrocyte sedimenta-
tion rate, fibrinogen, or procalcitonin. The presence of these 
parameters, or their persistence after and despite surgical 
debridement, allowed diagnosis of infection. From a local 
point of view, erythema, presence of fibrin or biofilm, and a 
positive microbiology culture excluded the patient from the 
study.

Vascular Assessment

All the patients admitted, before being submitted to surgical 
procedure, underwent a complete vascular assessment through 
duplex ultrasound arterial mapping. In case of critical limb 
ischemia, the patients were treated, after multidisciplinary 
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evaluation, by percutaneous angioplasty if feasible or, alterna-
tively, by arterial bypass grafting. At enrolment, ischemic 
patients had all undergone a successful revascularization pro-
cedure, and the ultrasound control examination showed the 
patency of angioplasties performed.

Ulcer Evaluation and Surgical Procedures

Each foot lesion was graded according to the University of 
Texas Wound Classification System. The localization of 
each foot lesion was also recorded.19

According to the International Consensus of Diabetic 
Foot Guidelines5 wounds were debrided urgently before 
revascularization if there was a clinical need such as wet 
gangrene, pus collection, or extensive infected necrosis. 
Otherwise, wound debridement and minor amputation (ie, 
any amputation distal to the ankle) were performed after the 
vascular procedure.

A routine culture of the ulcer was done at first clinical 
evaluation and antibiotic therapy, started empirically, was 
then adapted according to the results of cultures. Furthermore, 
in case of osteomyelitis, any infected bone, diagnosed accord-
ing to the Infectious Diseases Society of America guide-
lines,11 was promptly removed. After surgical procedures, all 
patients were treated with antibiotic therapy for 7 days.

Outcomes

The primary endpoint of the study was the evaluation of 
reinfection rate, while secondary endpoints were wound 
healing (defined as complete re-epithelialization of the tar-
get lesion), both regarding rate and time of healing, and the 
need for further debridement procedures. Data obtained 
were compared between the patient groups.

Group Division

Patients were divided into 2 groups according to a computer-
generated randomization list: Patients in Group A were 
treated with the novel study super-oxidized solution on top 
of standard treatment, while patients in Group B underwent 
just standard treatment. Patients, before discharge, were 
instructed to home administration of study solution: 1 puff 
every 2 cm2 of wound at every dressing change.

Follow-up

On discharge, patients, according to standard outpatient 
clinic procedures, were followed monthly for 6 months or 
until complete reepithelization. Data regarding wound sta-
tus, need for recurrences or new debridement procedures, 
and infection control, such as presence and severity of 
adverse events, were collected by means of a dedicated 
software (E-upodi@, percorsi multimediali, Roma, Italy).

Statistical Analysis

Quantitative variables are expressed as mean, median, and 
standard deviation and qualitative variables as frequencies 
and percentages. Data were compared with χ2 test and 
Fisher’s exact test for the categorical data and with the 
Student t test for the continuous variables. The statistical 
analysis was performed with the SAS software (SAS Institute, 
Cary, NC). A P value of less than .05 was considered statisti-
cally significant. Association between applied treatment and 
main clinical outcomes was assessed by a Cox proportional 
regression model: age, gender, body mass index, duration of 
diabetes, smoking habit, metabolic control, renal disease, 
ischemic cardiopathy, retinopathy, neuropathy, cerebrovas-
cular disease, hypertension, hypercholesterolemia, hyperfi-
brinogenemia, and severity of local disease were used for 
multivariate analysis; hazard ratios (HRs) are reported with 
their 95% confidence intervals (CIs).

Results

From September to December 2014, 50 patients fulfilled all 
inclusion and exclusion criteria and were randomized. 
Twenty-five patients were included in Group A and 25 
patients in Group B. As reported in Table 1, randomization 
procedures allowed to obtain homogeneous groups regard-
ing the main clinical and demographic characteristics and 
the local state of the foot.

Regarding local state, we observed that 23.7% of patients 
in Group A and 21.9% of patients in Group B underwent 
percutaneous transluminal angioplasty for presence of criti-
cal limb ischemia. No surgical intervention had been neces-
sary. All procedures were successful and increased blood 
flow at the foot.

Also, analyzing the local state, the clinical conditions 
were quite similar; the wound sizes at enrollment in the 2 
groups are reported in Figure 1.

Regarding surgical procedures performed, the classifica-
tion of intervention, as reported in Table 2, was similar 
between the groups.

Reinfection Rate

Analyzing clinical outcomes, we observed a significantly 
higher rate of infections, after the treatment period, in 
patients who were not administered the study solution, as 
reported in Figure 2 (12 patients in Group B vs 3 patients in 
Group A, P < .05).

Procedures Requiring Debridement

Also, regarding the need for further debridement proce-
dures, as reported in Figure 3, this was significantly lower 
in patients treated with Nexodyn compared with the 
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nontreated group (1 patient in Group A vs 10 patients in 
Group B, P < .05).

Healing

Eventually we analyzed healing pattern: no differences 
were observed in healing rate (18 patients in Group A vs 16 
patients in Group B; Figure 4). Contrariwise the time 
required for complete healing was significantly shorter in 
Group A, as reported in Figure 5 (64.9 ± 12.1 days in Group 
A vs 147.4 ± 23.1 days in Group B, P < .01).

Safety

No adverse events were reported in both the groups.

Cox Regression

Univariate analysis by Cox regression model, as reported in 
Table 3, allowed to evaluate parameters related to reinfec-
tion rate. Particularly there were positively impacts with 
Nexodyn treatment (HR = 0.43, P < .002), while nega-
tively impacts on reinfection rate, age higher than 75 years 
(HR = 1.34, P < .04), glycometabolic disturbance (HR = 
1.56, P < .02), and renal failure (HR = 1.34, P < .04).

Table 1. Demographic and Clinical Characteristics.

Characteristics Group A Group B P

Patients (n) 25 25 —
Male/female (n/n) 17/8 16/9 ns
Age (years) 67.3 ± 12.1 68.1 ± 11.9 ns
Diabetes (type 1/2) (%) 22/3 21/4 ns
Diabetes duration (years) 14.7 ± 9.9 14.4 ± 9.4 ns
BMI (kg/m2) 25.5 ± 5.2 26.1 ± 5.0 ns
HbA1C (%) 7.9 ± 1.1 7.6 ± 1.6 ns
Total cholesterol (mg/dL) 156 ± 40 163 ± 36 ns
Creatininemia (mg/dL) 1.1 ± 0.9 1.0 ± 0.8 ns
eGFR (mL/min) 46.7 ± 23.4 47.2 ± 21.1 ns
Cardiovascular disease (%) 22.1 20.9 ns
Hypertension (%) 34.5 37.2 ns
Cerebrovascular disease (%) 12.1 13.4 ns
Renal failure (%) 16.5 17.1 ns
Diabetic retinopathy (%) 23.9 21.8 ns
Diabetic neuropathy (%) 66.7 64.2 ns

Abbreviation: BMI, body mass index; HbA1C, hemoglobin A1C; eGFR, 
estimated glomerular filtration rate test; ns, nonsignificant.

Figure 1. Wound size was similar in both groups at 
enrollment.

Table 2. Surgical Procedures Performed in the Patients.

Surgical Procedure Group A Group B P

Drainage (%) 37.7 37.5 ns
Escharotomy (%) 3.8 4.2 ns
Bone/joint resection (%) 17.5 17.7 ns
Toes amputation (%) 29.1 28.7 ns
Forefoot amputation (%) 11.9 11.9 ns

Abbreviation: ns, nonsignificant.

Figure 2. Number of patients who experienced a reinfection 
during the study period.

Figure 3. Further debridement procedures needed in both the 
groups.
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Multivariate analysis confirmed just the role of study on 
novel solution treatment (HR = 0.57, P < .04)

Conclusions

Our study demonstrates that Nexodyn solution is safe and 
effective in improving clinical outcomes in diabetic foot 
patients when applied on top of standard treatment. As pre-
viously reported, the use of local antiseptics in the manage-
ment of infected diabetic foot is still debated because 
besides the lack of strong effectiveness evidence there is the 
presence of reports of suspected tissue damage.20

During recent years the demonstration that the action of 
super-oxidized solutions are effective against bacteria but 
not versus eukaryotic cells, and that these solutions can 
stimulate fibroblast proliferation and angiogenesis,21 have 
paved the way to the use of a new class of antiseptic local 
agents.22 Those solutions have been shown, in preclinical 
studies, to have a broad antimicrobial activity,23 and in clin-
ical experiences these solutions have been shown, when 
compared with the classic standard of care, to increase heal-
ing chance.24

Diabetes is associated with a reduction in immune-com-
petence of the patient,25 due both to a genetic impairment 
and to the presence of chronic prolonged hyperglycemia.26 
The consequence is that the patient is more exposed to bac-
terial infection, especially related to Gram-negative spe-
cies,27 and furthermore, in diabetic patients infection 
follows a quicker pathway to severity if compared with 
nondiabetic patients.28

In case of deeper infections, tendons, joints, and bones, 
during the evolution of infection, act as a culture medium 
for bacteria. In all these cases the association of surgical 
debridement and antibiotic treatment is essential in attempt-
ing of saving limbs.29,30 In our study, Nexodyn solution has 
demonstrated significant reduction in healing time when 
applied on top of the standard of care.

In these conditions, the use of antiseptic solution aimed 
to minimize the chance of reinfection by the creation of an 
unfavorable environment; this target was reached also in 
our population, where the reinfection rate was dramatically 
reduced in the Nexodyn group. Emergency surgery has to 
be considered acute diabetic foot infection surgery and 
often requires a “second surgical look” to optimize debride-
ment performed; the reduction of the need for new debride-
ment procedures, as yet demonstrated, reduces significantly 
hospital costs for these patients.3 Nexodyn treatment in 
patients presents a significant reduction in this parameter.

Nexodyn solution has recently demonstrated, in a small 
clinical experience, to reduce exudation of wounds and to 
activate local signs of healing, such as granulation tissue. 
No evidence was evaluated of healthy tissue damage related 
to low pH levels. The chemical reasons for its beneficial 
effects remain to be fully explained but probably 2 different 

Figure 4. Number of healed patients in the 2 groups.

Figure 5. Healing time in both the groups.

Table 3. Cox Regression Model for Reinfection.

Characteristics
Univariate, HR 

(95% CI) P
Multivariate, HR 

(95% CI) P

Treated group 0.43 (0.11-0.56) .002 0.57 (0.40-0.78) .04
Male sex 1.21 (0.45-1.89) .45  
Age >75 years 1.34 (1.09-1.56) .04 1.12 (0.88-1.65) .23
Diabetes duration >15 

years
1.37 (0.82-2.26) .34  

Smoke habits 1.32 (0.98-2.10) .67  
BMI >30 kg/m2 1.67 (0.45-2.34) .47  
HbA1C >8% 1.56 (1.40-1.78) .02 1.78 (0.45-2.73) .36
Hypercholesterolemia 1.23 (0.78-1.43) .56  
Cardiovascular disease 1.67 (0.83-1.89) .44  
Cerebrovascular 

disease
1.45 (0.99-1.67) .67  

Hypertension 0.87 (0.45-1.21) .23  
Renal failure 1.34 (1.12-1.56) .04 1.45 (0.89-2.02) .67
Diabetic retinopathy 1.45 (0.78-2.02) .88  
Diabetic neuropathy 1.78 (1.40-1.89) .12  

Abbreviations: HR, hazard ratio; CI, confidence interval; BMI, body mass 
index; HbA1C, hemoglobin A1C.
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factors are involved: the creation of a microenvironment 
unfavorable to bacterial proliferation with consequent 
reduction of inflammatory pattern, and the creation of an 
ideal pabulum for the development of the healing 
process.17

Despite our study not taking into account the role of sys-
temic antibiotic therapy, we expect that the adoption of 
super-oxidized solution will associate with a reduction of 
antibiotic use and a positive effect on antibiotic resistance.

Despite our study representing a single-center pilot 
experience, the data derived allows to consider this novel 
solution as an effective part of the integrated therapeutic 
approach in all diabetic foot cases, alongside surgery, sys-
temic antibiotics treatment, and revascularization if 
necessary.
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