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Objective: Chronic ulcers are an intractable problem in many patients 
and are associated with impaired quality of life and high health-care 
costs. In an attempt to improve outcome, our centre began cleansing 
wounds with a novel spray acidoxidising solution (Nexodyn) with 
unique physicochemical features, pH <3.0; oxidation reduction 
potential >1000mV; and free chlorine content (>95% HClO).   
Method: A retrospective analysis was conducted in patients with 
numerous comorbidities and an unsatisfactory response to standard 
therapy. The solution was administered for six weeks and the patients’ 
clinical course evaluated using standard measures of wound healing, 
pain and bioburden. 
Results:  We assessed 20 patients with a mean time since ulcer onset 
of 23.7 months. Complete resolution of the lesion was achieved in 25% 
of cases (p=0.005). In the group as a whole, wound size decreased 
significantly (11% mean reduction versus baseline; p=0.039). In the 
relatively short six-week observation period, significant reductions 
versus baseline were also observed in control of wound bioburden 

(p=0.005) and ulcer-related pain score (p<0.001). Furthermore, the 
wound bed preparation score suggests an improved wound 
microenvironment with better wound bed cleansing and the presence 
of granulation tissue. There were no adverse systemic effects of 
treatment nor adverse local effects in the wound bed or on healthy 
periwound skin.
Conclusion: Encouraging initial results in a population refractory to 
standard management provide evidence that this new product may 
make a helpful contribution to the care of chronic ulcers. The 
integration of this cleansing solution into standard care contributes to  
the modulation of local microenvironmental responses that inhibit 
physiological healing processes while also contributing to the reduction 
of bacterial load. 
Declaration of interest: E. Ricci received consultancy honoraria from 
Applied Pharma Research SA for undertaking the research, the company 
kindly provided Nexodyn free of charge. However, the results reported are 
an unbiased account of fully independent clinical experience. 

C
hronic wounds are frequently linked both 
to underlying pathology and to persistent 
inflammation and are associated with 
upregulation of cytokines, which prolongs 
or interrupts healing.1,2 Bacterial infection 

is a common contributory factor.3 Even in the absence 
of typical infection, bacteria on chronic wounds 
(possibly living in biofilms that make them resistant to 
host defences and to therapy) appear to delay healing.4 
It has been suggested that both bacterial colonisation 
of the wound surface5 and host-dependent immune 
modulation may contribute to locally unregulated 
inflammatory responses.6,7 Various ways of attempting 
to reduce bacterial load have been proposed, and 
antiseptics and topical antimicrobial dressings have 
found a place in therapy.8 However, despite these and 
other advances in management, many wounds remain 
resistant to treatment.

Certain wounds are characterised as particularly 
‘hard to heal’; and in some wounds definitive healing 
is never achieved. Venous leg ulcers (VLUs) are a major 
component of hard-to-heal lower leg wounds.9 Standard 
therapy includes compression and continuous 
debridement; and additional interventions such as 
advanced wound dressings, local or systemic antibiotics 
and venous surgery have been extensively investigated.10 
Chronic ulcers impose major restrictions on activity 
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and substantially reduce quality of life (QoL). New 
methods  of aiding chronic wound healing are therefore 
needed both from the point of view of the patient and 
from that of health-care providers. 

Nexodyn11 (APR Applied Pharma Research SA, 
Balerna, Switzerland) is a medical device, with a 
European CE mark, which sprays an acidoxidising 
solution on the wound. The solution flowing through 
the wound bed displays unique features that help create 
a local microenvironment conducive to wound healing. 
The solution contains free chlorine species, of which 
>95% is stabilised hypochlorous acid, a low pH (<3.0) 
and a high oxidation reduction potential (ORP) of 
>1000mV. Along with its mechanical, wound-cleansing 
effects, the solution’s physicochemical properties may 
help control the bioburden of the wound and so further 
facilitate healing.12–14 In preclinical tests, the 
acidoxidising solution had no significant toxicity. 
Topical application did not irritate the skin, mucosal 
membranes and eyes, and it was not sensitising.14–25 It 
is being developed for the management of chronic 
wounds including VLUs, pressure ulcers (PUs) and 
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diabetic foot ulcers (DFUs). The aim is to help the 
wound bed achieve and maintain a condition conducive 
to progressive healing. The acidoxidising solution, used 
to cleanse and treat the wound as needed, contributes 
to the control of local bioburden and modulation of the 
microenvironment.

This paper retrospectively reviews the clinical records 
of patients with chronic ulcers of various aetiologies 
that had not responded to standard treatment (as 
specified by international guidelines)26–29 for a 
minimum of three months and who received the 
acidoxidising spray as part of their subsequent care. 

Methods
Patients were treated 3 years ago, in an outpatient clinic 
(Turin, Italy) which specialises in the care of difficult-
to-treat chronic ulcers. Patients were under the care of 
a single physician. 

Patients
Patients whose records were included in this 
retrospective analysis had to meet the following 
criteria, which were designed to ensure a relatively 
homogeneous population: 

 ● Age over 40 
 ● Presence of at least one ulcer (any aetiology) of ≤30cm2 
 ● Unsatisfactory clinical improvement over at least the 
past three months despite standard treatment 

 ● Ulcer free from necrotic debris and without visible 
exposure of muscle, tendon or bone 

 ● Use of acidoxidising spray recommended for six weeks
 ● Good documentation on relevant demographic and 
clinical variables (including both efficacy and 
tolerability of treatment) for the minimum 
observation period of 42 days. 

Patients were excluded if their ulcers were treated 
with active dressings, if debridement was needed at 
screening, if they had osteomyelitis or systemic 
infection, and if they received systemic corticosteroids. 

Records were numbered sequentially, anonymity was 
preserved, and no information which might allow 
identification of patients was included in the data 
transcribed on case report forms and entered into an 
electronic database for analysis. Patients gave consent 
for anonymous processing of their medical records. At 
the investigator’s outpatient clinic, ethics committee 
approval for this retrospective review was not required. 

Treatment
The frequency with which the acidoxidising spray was 
applied was determined by the characteristics of the 
wound and patient. This varied from twice a day to 
twice a week with treatment ongoing for 6 weeks. A 
standard approach was used for the application of the 
acidoxidising spray. At each treatment, the spray was 
applied after removing any dressings. Patients and 
caregivers had been instructed to spray the entire 
wound thoroughly as many times as needed with the 
aim of achieving a uniform layer and obtaining a clean 
wound and periwound area. The acidoxidising solution 
was left in contact with the wound bed for at least two 
minutes before the application of any secondary 
medication required by the individual patient. Any 
excess solution was gently dried using a clean gauze.

Measures
Demographic data were collected, along with data on 
wound aetiology (venous, inflammatory, mixed or 
other), wound site, dimensions and time since onset. 
Patients were evaluated at baseline using the cumulative 

Table 1. Demographics of patients and characteristics of target ulcers (n=20)

Patients Mean age, years (mean ± SD, range) 76.7 ± 9.5 (46–87)

Males (n, %) 7 35

Females (n, %) 13 65

CIRS Score (0–56) 9.3 ± 3.9 (3–16)

Comorbidity index (CI) (mean ± SD, range)* 3.4 ± 1.8 (0–7)

Severity index (SI) (mean ± SD, range)† 1.7 ± 0.4 (1.0–2.5)

Ulcer age Mean time since onset, months 
(mean ± SD, range)

27.3 ± 21.0 (3–84)

Aetiology (n, %) Inflammatory 7/20 35

Venous 5/20 25

Mixed 3/20 15

Traumatic 2/20 10

Arterial 1/20 5

Other 2/20 10

*The CIRS Comorbidity Index represents the number of times that a patient scores ≥2 on the 14 disease categories.  
0=absence of disease, 4=potential life-threatening disease. The cut-off of ≥2 is used because the study is conducted in an outpatient population with stable 
chronic disease,31 and not in a residential/inpatient population32,33 (when the comorbidity index is based on scores ≥3).† The CIRS Severity Index has been 
calculated as the total sum of the scores of each disease category divided by the total number of categories endorsed. SD–standard deviation
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Ulcer area was measured using an acetate film and 
the Visitrak scanner (Smith & Nephew, London, UK). 
The nature of the wound was evaluated according to 
the wound bed preparation (WBP) score.34 This score 
has the advantage of assessing both the appearance of 
the wound according to the amount of granulation (as 
compared with fibrinous tissue and eschar) (A=100% 
granulation tissue without fibrinous tissue or eschar; 
B=granulation tissue 50-99%, presence of fibrinous 
tissue, no eschar; C=granulation tissue <50%, presence 
of fibrinous tissue, no eschar) and the extent of exudate 
(1=absent or minimal with no absorptive dressings 
required to 3=abundant exudate requiring dressing 
change at once a day). The centre  also used the Pressure 
Ulcer Scale for Healing (PUSH) developed by the 
National Pressure Ulcer Advisory Panel.35–37 This score 
incorporates data on wound area, the presence of 
exudate and the nature of wound tissue. Wound depth 
was assessed using a six-point scale (1=epidermis; 
2=derma; 3=subcoutanous; 4=fascia; 5=muscle; 6=bone) 
and the degree of infection was scored from 0–4 
(0=contaminated; 1=colonised wound; 2=localised 
infection; 3=spreading infection; 4=systemic infection). 

The condition of the periwound skin was assessed on 
a scale of 1–6 (1=normal skin; 2=lesion of the skin; 
3=macerated skin; 4=dry or fragile skin; 5=erythematous 
skin or blister;  6=oedematous skin or cellulitis). The 
intensity of ulcer pain before the acidoxidising spray 
administration was self-assessed using a 10cm visual 
analogue scale (VAS). 

Data were collected on any potentially device-related 
adverse events, whether mentioned by the patient or 
observed by the physician. 

Statistics
Continuous variables are described as mean and 
standard deviation (SD), while counts and percentages 

illness rating scale (CIRS), a measure of general health 
status among frail, elderly patients and a good predictor 
of outcome.30–33 The CIRS system evaluates the illness 
burden as a cumulative score, and indicates both 
disease severity (severity index) and extent of 
comorbidities (comorbidity index) in the patient 
population. Following standard practice at the 
investigator’s institution, follow-up assessments were 
conducted every 14 days.

Table 2. Efficacy parameters in chronic ulcer patients treated with the acidoxidising solution  
for six weeks (n=20)

Visits (weeks) W0 W2 W4 W6 p value

Mean wound size, cm2 (mean ± SD) 4.6 ± 5.8 4.6 ± 6.0 4.2 ± 4.8 4.1 ± 4.7 0.039*

Wounds that had fully healed, n (%) 0 (0%) 0 (0%) 1 (5%) 5 (25%) 0.005†

Wounds healed or A1 (100% granulation tissue, no fibrin, no 
eschar and full exudate control) on wound bed preparation 
(WBP) score, n (%)

5 (25%) 6 (30%) 9 (45%) 13 (65%) 0.001†

Wounds healed or exudate grade 1 (no or minimal exudate) on 
WBP score, n (%)

9 (45%) 8 (40%) 11 (55%) 14 (70%) 0.021†

Wounds healed or tissue score A (100% granulation tissue, no 
fibrin, no eschar) on WBP Score, n (%)

15 (75%) 16 (80%) 16 (80%) 18 (90%) 0.392†

Mean PUSH Score, (mean ± SD) 9.3 ± 2.5 8.9 ± 2.8 8.0 ± 3.4 6.9 ± 4.6 <0.001*

Peri-lesional skin, healed or Grade 1 (normal skin), n (%) 10 (50%) 8 (40%) 8 (40%) 10 (50%) 0.791†

Wound depth, healed or Grade 1 (restricted to epidermis), n (%) 2 (10%) 4 (20%) 6 (30%) 8 (40%) 0.007†

No infection/contamination (Grade 0), n (%) 14 (70%) 16 (80%) 19 (95%) 20 (100%) 0.005†

Wound-related pain (mean rating on a 10-cm visual analogue 
scale; 0=no pain, 10=worst pain), (mean ± SD)

4.5 ± 2.3 3.8 ± 2.0 3.1 ± 2.2 2.5 ± 2.8 <0.001*

*Friedman's test; †Cochran's test; SD–standard deviation 

Fig 1. Proportion of patients with wounds that had healed, reduced or not 
improved in size by the end of the observation period (6 weeks)
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are used to describe qualitative variables. Friedman’s 
test38 was used to compare continuous variables 
(wound size, PUSH score, VAS score) from baseline 
through follow-up over the treatment period, and 
Cochran’s test39 to compare proportions healed over 
the six weeks.

Given the small number of patients involved, exact 
probability tests were often used. All patients were 
included in the final analysis. The statistical analyses 
were performed using SPSS software (version 18.0, SPSS 
Inc., Chicago, IL, USA). All two-tailed p-values less than 
0.05 were considered statistically significant.

Results
Patient characteristics
Out of 38 patients identified, 20 were included as they 
met the inclusion criteria for analysis. Of the 20 patients 
(Table 1), 13 were female and 7 male. All were Caucasian. 
Their mean age was 77 years (range: 46–87 years). The 
mean ± SD CIRS (cumulative illness rating scale) Score 
at baseline was 9.3 ± 3.9; the comorbidity index was 3.4 
± 1.8 and the mean severity index 1.7 ± 0.4. The mean 
ulcer duration was 27 ± 21 months (range: 3–84 
months). The aetiology of the ulcers was 35% 
inflammatory, 25%  venous, 15% mixed, and 25% 
other. The mean size at baseline was 4.6 ± 5.8 cm2. 
Wound sites were on the lower leg in the majority 
(85%) of patients, while other wounds were located on 
the foot in 10% or the arm in 5%. In the latter case, the 
wound was a post-traumatic ulcer in a patient with 
collagen disease. 

Fig 2. Change in distribution of wound bed preparation scores with time  
on treatment  
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Fig 3. Wound outcomes in two patients during the course of treatment 
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Treatment
Treatment frequency with the acidoxidising spray was 
at the physician’s discretion, as such 15% of patients 
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Fig 4. Change in infection scores with time on treatment
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Fig 5. Change in wound-related pain with time on treatment  

8.0

6.0

4.0

2.0

0.0

P
ai

n 
vi

su
al

 a
na

lo
g

ue
 s

ca
le

 (0
–1

0)
 c

m
)

Time (weeks)
W0 W2 W6

*p=0.001 versus baseline; Friedman's test 

W4

2.5
3.1

3.8
4.5

* 

used the device twice daily, 40% once a day, 30% three 
times per week and 15% twice a week. 

Efficacy–ulcer healing and size
A total of five (25%) target ulcers had healed by the 
end of the observation period (week 6), indicating a 

significant treatment effect relative to baseline 
(p=0.005). One of these wounds had resolved 
completely by 4 weeks. Although the wounds that 
healed were smaller than the ulcers of the treated 
population overall (mean 2.3cm2 compared with 
4.6cm2), they had previously remained unhealed for 
a mean of 24.2 months, which was not appreciably 
different from the 27.3 months overall. For the 
treatment group as a whole, the mean 4.6cm2 wound 
area at baseline was reduced to 4.1cm2 at 6 weeks 
(p=0.039), a mean reduction of 11% (Table 2). 

The proportion of patients whose wounds showed 
various degrees of healing is shown in Fig 1. In 
addition to the 25% of wounds that healed completely, 
10% showed a ≥40% reduction in size and a further 
35% some degree of improvement, but <40% of initial 
size. No size improvement was seen in 30% of ulcers. 

There was some suggestion in the data that wounds 
of inflammatory aetiology may have responded 
particularly well to the treatment with the 
acidoxidising solution, showing a mean wound size 
reduction from baseline 7.0cm2 to 5.2cm2 (26% size 
reduction). However, given the small number of cases, 
this must be considered purely as a hypothesis-
generating observation.

Wound bed preparation (WBP) score
By WBP score, the proportion of patients whose wound 
showed 100% granulation and had absent or minimal 
exudate (A1) increased from 25% at baseline to 65% at 
six weeks (p=0.001), while the proportion with lesser 
degrees of granulation or greater amounts of exudate 
remained constant or fell (Table 2; Fig 2). 

In relation to the two parameters of the WBP score, 
the data indicated significantly increased (p=0.021) 
exudate control at week 6 versus baseline. A trend 
towards improved tissue score (p=0.392) was also 
observed (Table 2). Examples of the clinical outcomes 
during the course of the study are shown in Fig 3, 
depicting a 45-month old mixed wound (a) and a 
8-month old inflammatory wound (c) at the start of the 
treatment (W0) with the acidoxidising spray and after 
6 weeks (W6) of regular use (b and d).

PUSH score
The PUSH scores with the acidoxidising spray treatment 
showed a steady decrease from a mean of 9.3 at baseline 
to 6.9 at week 6 (p<0.001) (Table 2). 

Wound depth and peri-lesional skin 
Aside from the 25% of patients whose ulcers had healed 
fully at week 6, a further 40% had wounds that were 
confined to the epidermal layer (p=0.007). None 
(compared with 10% at baseline) had subcutaneous 
ulcers (Table 2). 

Use of the acidoxidising spray did not result in any 
adverse effects on the state of peri-lesional skin. At the 
start and end of the study, 50% of patients had peri-
lesional skin that was rated as healed or normal while ©
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50% at both time points had peri-lesional skin that was 
dry or fragile, erythematous or oedematous. 

Local bioburden
No patient had cellulitis or systemic infection at the 
start of the study and none developed during its course. 
The presence of localised infection and bacterial 
colonisation of the wound decreased from baseline 
(30% of patients affected) to the end of the observation 
period (0% of patients affected; p=0.005) (Table 2; Fig 4). 

Pain
At baseline, patients rated ulcer-associated pain at a 
mean of 4.5 on a 10-cm VAS scale (Table 2; Fig 5). This 
decreased steadily during treatment, reaching 2.5 at 
week 6, a 44% reduction (p<0.001). 

Adverse events and tolerability
All 20 patients were included in the safety analysis. No 
adverse events of any grade were reported during the 
treatment period and no issues emerged regarding 
systemic or local tolerability. 

Discussion
Over the six-week course of standard treatment with the 
acidoxidising solution, 25% of patients experienced full 
healing of their chronic ulcers. This is an encouraging 
finding given that these wounds had been unresolved 
despite standard management for a mean of 27 months. 
As a comparison, similar ulcers in the Italian population 
have remained unresolved for an average of 18 
months.40 When we consider that healing is often slow 
in these difficult-to-treat patients, longer-follow-up may 
reveal still greater efficacy. It is also worth noting that 
the population included in this study had a mean age 
of 77 years and a level of comorbidity that was relatively 
high, given the outpatient setting. Both the age of the 
ulcers and the level of comorbidity of the patients 
suggest that these wounds would generally be 
particularly hard-to-heal. 

The pattern of favourable changes seen was consistent. 
Improvements were seen in the WBP and PUSH scales 
which aggregate various features of the wound. 
Treatment was associated with a statistically significant 
decrease in the proportion of wounds with appreciable 
exudate and an increased proportion of wounds that 
showed signs of newly activated healing processes, such 
as granulation with little or no eschar. There was a 
decrease in wound depth, a steeply reduced rate of 
wound bioburden, and a decrease in ulcer-related pain. 
All of these changes were statistically significant. There 
was no evidence that the low pH of the formulation 
damaged the wound bed or healthy skin adjacent to the 
wound or that it had other deleterious effects. 

There was no suggestion in these data of a relationship 
between likelihood of ulcer healing and age of the 
wound, or patient age, gender or CIRS score. However, 
with 20 patients in the study, any such relationships 
would be difficult to discern.

The overall picture suggests reactivation of healing 
processes in chronic wounds in which natural tissue 
regeneration had become stalled. Although small 
numbers preclude any definite statement, the data 
are consistent with there being a greater beneficial 
effect in wounds with an inflammatory origin than 
in those of venous aetiology resulting from 
compromised angiogenesis. Treatment including the 
acidoxidising solution appeared to improve healing 
in wounds with ≥1 sign of infection and in those 
with no signs of infection (ie classed as no infection/
contamination), suggesting inflammation per se 
rather than inflammation secondary to bacterial 
infection might be involved. The presence of a 
microenvironment favourable to healing through 
modulation of local inflammation, pH and the 
inhibition of matrix metalloproteinases might be a 
contributing factor.41

The acidoxidising spray, does not have moisturising 
or emollient properties on intact skin. It is designed 
to treat the wound. The reasons underlying its benefits 
remain to be fully elucidated, but it is likely that two 
factors are involved: the creation of a 
microenvironment that is unfavourable to the growth 
of bacteria (leading to a reduction in the inflammatory 
response associated with local bioburden), and the 
creation of conditions in the wound bed that support 
physiological healing processes. It has particular 
physicochemical properties deleterious to the survival 
of microorganisms. The chlorine content of between 
40 and 70mg/l (almost completely hypochlorous 
acid; >95%), low pH of 2.5–3.0 and high oxidation 
redox potential >1000 mV are all likely to contribute. 
Low pH levels inhibit bacterial growth by altering the 
alkaline environment favourable to bacteria. The high 
ORP damages bacteria as presence of an oxidising 
chemical pulls electrons away from the inner and 
outer cell membranes, causing them to become 
destabilised and leaky, leading to bacterial death; and 
microbial defence mechanisms are inactivated.42

Limitations
There are limitations to this study in that it is 
retrospective, it did not involve a control group, and it 
includes only 20 patients. The fact that their ulcers were 
of various aetiologies and had remained unhealed 
despite prolonged attempts to assist healing using 
standard management complicates interpretation. The 
period of observation was limited to six weeks of 
treatment, and it may be that a longer period is needed 
to fully appreciate efficacy and tolerability. 

Conclusion 
This series represents the first clinical experience using 
the acidoxidising spray, in a challenging group of 
patients with a relatively poor overall health status and 
wounds unresponsive to standard treatment, with the 
outcome suggesting the advent of a potentially helpful 
new device. JWC©
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