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INTRODUCTION
One of the more commonly used definitions of a chronic wound

states that thewound ‘‘fails to progress through a normal, orderly,

and timely sequence of repair’’ or that it ‘‘passes through the

repair process without restoring anatomic and functional re-

sults.’’1 Often, an underlying compromising disease process,

such as venous hypertension, is one of the primary reasons a

wound becomes chronic because this type of conditionmay result

in an excessive local inflammation response. The consequence

of such a response is deregulation of compounds that are

essential for normal wound healing, resulting in, for example, an

overabundance of certain metalloproteinases.2,3

Microorganisms may also contribute to inflammation. When a

large number of virulent bacteria are present, local wound effects,

such as critical colonization, biofilm production, wound infec-

tion, and even systemic effects, such as sepsis, will occur.4 Gen-

erally, critical colonization is known to negatively interfere with

wound healing.5 Wounds are very rapidly colonized, and par-

ticularly, biofilm formation is recognized to play a significant,

detrimental role in the wound-healing process.6,7 In addition,

infection is one of the reasons for wounds being painful.8,9

Many ulcers tend to be malodorous. Regular tissue lysis prod-

ucts, such as putrescine, cadaverine, and certain short-chain

fatty acids, contribute to this malodor, but bacterial contami-

nation is known to cause the smell in different types of ulcers

as well.10,11

Care of chronic wounds should address a number of issues

in the wound and in the patient, including treatment of the

compromising factors or underlying etiology (ie, compression

in patients with venous hypertension), debridement of necrosis

and/or slough, and provision of a moist environment. In addi-

tion, infection needs to be prevented or treated, and contami-

nation with microorganisms needs to be kept at a level that is

manageable for the immune system.12 Bacterial adverse effects,

such as pain and odor, also should be eliminated.

Many cleansing and topical antimicrobial agents are known to

be toxic to many of the cells involved in the wound-healing

cascade.13–15 Topical antiseptics with a long history of use, such

as NaOCl (Dakin solution), hydrogen peroxide (H2O2), acetic

acid, and povidone-iodine, remain in widespread use today.

These antimicrobial agents when used at typical concentrations

are cytotoxic and impede wound healing and are now generally

discouraged by experts for use on chronic ulcers.16 In addition,

certain antimicrobial agents are known to interfere with the direct

observation of the wound surface because they cause discolor-

ation or pseudoeschar.17 Pain, whether spontaneous or caused by
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ABSTRACT

OBJECTIVE: To analyze if Vashe Wound Therapy (PuriCore,

Malvern, Pennsylvania) is a valuable contribution to standard

protocols of wound care.

DESIGN: Open, noncomparative study.

SETTING: Outpatient clinic.

PATIENTS: Thirty-one patients, primarily with venous or mixed

venous/arterial leg ulcers.

INTERVENTIONS: Vashe Wound Therapy (hypochlorous acid,

produced on site and on demand) was used as an adjunct to a

standard wound care protocol.

MAIN OUTCOME MEASURES: Wound healing, reduction of pain,

and odor.

MAIN RESULTS: At the end of the study, 86% of all lesions healed,

and the average size of reduction in nonhealed wounds was

47%. Odor was present at the beginning of enrollment in

21 patients and was rated 4.58 on the visual analog scale. In all

patients, the odor score at end of treatment was zero. Seventy-seven

percent of all patients reported a positive pain score at the

beginning of participation in the evaluation (average pain score, 4.7).

At the end of the study, no patient experienced pain.

CONCLUSION: Vashe Wound Therapy is a valuable contribution to

standard protocols of wound care.
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an agent used for woundmanagement,may delay wound healing

as well.18

Hypochlorous acid (HOCl) is produced as part of the oxidative

(also called respiratory) burst pathway.19 Oxidative burst is a

core reaction that occurs to kill microorganisms.20Microorganisms

are engulfed (phagocytosis) by leukocytes. Nicotinamide adenine

dinucleotide phosphate oxidase catalyses the formation of super-

oxide anions (O2
�), which further react to form singlet oxygen,

hydroxyl radicals (OH�), and H2O2.
21 Another series of enzymes,

superoxide dismutase and myeloperoxidase, catalyzes a reaction

between chloride ions andH2O2 to yield HOCl (Figure 1),22 which

reacts with further H2O2 to yield more singlet oxygen.

HOCl has no cellular toxicity when used in clinically effective

dosages.23 It has been widely reported that the human body

regulates the levels of HOCl during the inflammatory response

using its own ‘‘antioxidant defense’’ system utilizing scavenger

molecules, such as taurine and nitrites, which neutralize HOCl

and protect against oxidative damage to cells.24 – 28

HOCl has been used extensively for surface disinfection, for the

cleaning of endoscopes,29–31 and for food-safety applications.32

In several, primarily in vitro, studies, HOCl has been shown to

be active against many different types of microorganisms, in-

cluding methicillin-resistant Staphylococcus aureus, vancomycin-

resistant enterococci, numerous other bacteria, viruses, and fun-

gal spores.29,33–42 The agent acts very rapidly, with a kill rate of,

for example, 108 in 1m.28s for Bacillus subtilis spores.23

HOCl’s small molecular size allows penetration into the cell

membrane components; this influences the permeability of the

cell wall and causes rupture of the cell membrane. Indeed,

rapid and selective inhibition of bacterial cell division by HOCl

was observed in phagocytes.43

HOCl supports selective debridement and seems to reduce

the amount of wound exudate. Although the exact mechanism

for these observations is not known, HOCl does demonstrate

fibrinolytic properties when used clinically, and exudate

reduction likely correlates with decreases in bioburden. These

properties have previously been demonstrated clinically, as the

compound was shown to be an effective adjunct material for

the management of venous leg ulcers.44

Vashe Wound Therapy (PuriCore, Malvern, Pennsylvania) is

HOCl that is produced on site and on demand, using a specific

electrolyte solution and generator. The compound is the same

as the one used in the leukocyte-intracellular-killing process.

Consequently, Vashe Wound Therapy mimics one of the body’s

main ways of killing microorganisms.

A clinical evaluation was set up to study the effects of Vashe

Wound Therapy on the healing of wounds in a real-world

model: inclusion criteria were minimal and limited to patients’

objections to participating in this evaluation and known al-

lergies to any of the treatment methods and materials used.

Specific comorbidities and/or medications did not constitute an

exclusion criterion.

In the study, Vashe Wound Therapy was used as an adjunct

agent, primarily for irrigation, cleansing, and debriding purposes,

and in combination with various other wound management

products and protocols accepted as standard of care.

MATERIALS AND STUDY DESIGN
Standardized wound treatment in this evaluation included

establishing a proper differential diagnosis of the nature of the

wound (ie, performing a detailed vascular assessment for venous

leg ulcers45), wound cleansing, and soaking (with Vashe Wound

Therapy), debridement if and when necessary (based on accepted

standard of care indications, such as the presence of fibrinous

slough, necrotic dermis, and/or subcutaneous tissue), and using

moisture-retentive dressings. Appropriate compression therapy

for patients with venous insufficiency was performed as well.

Subjects were in this observational study until complete re-

epithelialization or for a maximum of 3 months, whichever oc-

curred first. Wound inspection and dressing changes were

performed every 2 to 3 days for all lesions included in this

evaluation.

Figure 1.

ENDOGENOUS HOCL PRODUCTION PATHWAY
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Vashe Wound Therapy was integrated into the prescribed

wound protocol used for a specific subject and wound. Ap-

plication of Vashe Wound Therapy was accomplished by

liberally soaking gauze with Vashe solution and then applying

the moistened gauze directly to the wounds and the periwound

areas. The Vashe Wound Therapy was allowed to dwell in

contact with the tissues for 10 to 15 minutes, and then the

wounds were gently scrubbed with the Vashe moistened gauze.

The process was completed by a final rinse and irrigation of the

tissues with Vashe Wound Therapy. Additional (sharp)

debridement was performed if the gentle scrubbing was not

sufficient to remove all slough and other necrotic tissue. All

debridements were performed using selective codes to include

but not exceed the level of the subcutaneous tissue. After

debridement, a final rinse with Vashe Wound Therapy was

performed. Primary and secondary dressings were applied, and

appropriate compression therapy, if indicated, was then

performed as ordered.

All wounds were assessed by the investigators at intervals of

1 week, in accordance with standard of care. During each as-

sessment, standard parameters of wound healing, pain score,

and odor level were evaluated. Pain was assessed using a visual

analog scale (VAS), where 0 represented no pain and 10 the

worst pain. Odor was also assessed using a scale of 0 to 10,

where 0 represented no odor and 10 the worst odor imagin-

able. Patients were followed clinically and monitored as study

participants until their wounds healed or, in principle, for a

maximum of 3 months, whichever occurred first. However,

because of continuing progress, some patients continued to

be in the evaluation for an extended period. Some patients

were lost to follow-up; their data are not included in the

evaluation.

PATIENT POPULATION
Study participants included 31 subjects, 10 male (32%) and 21

female (68%), with 31 lesions. The average age of the subjects

was 74.5 years (range, 47–96 years). Of those lesions, 25 of the

ulcers were primarily venous in origin, 5 were mixed venous/

arterial, and 1 wound was a nonhealing lesion, secondary to

trauma, in a patient with preexisting venous pathology. Before

enrolling in this evaluation, patients were managed with a

variety of strategies, including occlusive dressings, topical

antimicrobial ointments, and negative-pressure wound therapy.

The age of the wounds was 29 months on average (range,

1–240 months). All lesions were located on the lower leg or

ankle, 21 were on the right lower extremity, and 10 on the

left. The average wound size at the start of this evaluation

was 22.0 cm2 (range, 0.3–195 cm2). At the time of enroll-

ment, 19 wounds (61%) showed clinical signs of infection.

RESULTS
On average, patients participated for 57 days (range, 19–203

days). A total of 29 wounds (94%) could be followed until the

end of study participation. The overall average reduction in

wound size was 19 cm2 (range, 13.84–180 cm2).

After 30 days, 10% of all wounds had healed completely;

after 60 days, 55%; and after 90 days, 23 (79%) had reached

complete reepithelialization. Some patients continued to be in

the evaluation for an extended period because of continuing

healing progress. At the end of the study, a total of 25 of all

wounds (86%) had healed (Figure 2). For wounds that did not

heal completely, the average reduction in wound size was 47%

(range, 43%–97%) after 3 months (90 days).

In total, 272 dressing changes were performed. Debridement

was necessary at 18% of all wound care visits, but all de-

bridement procedures performed occurred only at the time of

first few dressing changes.

Odor was present at the beginning of enrollment in 21 patients

and was rated 4.58 on average on the VAS (range, 1–10). At

the end of the evaluation, for all patients, the odor score was 0.

At the beginning of their participation in the evaluation, 77%

of all patients reported a positive pain score (average score, 4.7;

range, 1–10). All patients with a positive initial pain score re-

ported a gradual reduction in pain after initiation of treatment

with VasheWound Therapy, with complete resolution of pain for

all patients by the end of the observational period.

DISCUSSION
It is estimated that chronic venous insufficiency is responsi-

ble for about 70% of leg ulcers.46 These ulcers correlate with

Figure 2.

PERCENTAGE OF WOUNDS HEALED
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significant cost and have serious negative impact on the quality

of life of the patient47: particularly, pain18 and odor have been

associated with anxiety and depression.48

Treatment of venous leg ulcers and other chronic wounds

needs to be focused on both the psychological aspects the ulcer

has on an individual and his/her environment and the somatic

aspects, which include the primary etiology as well as local

factors that prevent wound healing. As part of the latter aspect

of management, prevention or treatment of infection and crit-

ical colonization plays an important role because both factors

contribute to stagnation of healing.4

Nonsurgical treatment of ulcers has been shown to be optimal

with moisture-retentive dressings.49,50 However, in many cases,

dressings alone are not sufficient. Standard therapy should in-

clude cleansing, debridement, and management of bioburden to

prevent critical colonization and infection. Although a number of

medicated dressings are available, not all of them have been

shown either to effectively prevent or treat infection or to do so

without serious topical or even systemic adverse effects.51,52

Therefore, the addition of a nontoxic but highly efficacious

antimicrobial material to standard wound management would

be beneficial. The authors believe that Vashe Wound Therapy

fits this description very well. The wounds in this evaluation

were large and chronic in nature, and 61% of them were

clinically infected on enrollment. Still, with standard care and

the use of Vashe Wound Therapy as an adjunct, 86% proceeded

to complete reepithelialization at the end of the study.

Our reported Vashe Wound Therapy complete reepithelial-

ization rate of 86% compares favorably to the published

outcomes reported in other venous ulcer trials. Two trials

comparing the use of living skin equivalents to standard of care

in the management of venous ulcers report complete healing

rates of 47% and 64% in the study arm patients versus 19% and

44%, respectively, for the control groups in these trials.53,54 In

addition, significant odor (on average, 4.58 VAS score upon

enrollment in 21 wounds) was completely eliminated in all

patients at the end of the study, even in those that had not

healed completely. Similarly, pain, present in 77% of all

patients upon starting the study, completely ceased to exist in

all patients at the study’s conclusion.

LIMITATIONS
An observational evaluation, as opposed to a controlled clinical

trial, has a number of limitations, among which patients who

do not necessarily have a great deal of similarities. Results are

descriptive without providing a basis for a statistical analysis or

comparison.

However, a real-life evaluation allows outcome observation

of a therapeutic intervention in many different clinical and

patient scenarios and provides a good basis to formulate im-

pressions of clinical efficacy and performance. This evaluation

was aimed at the latter.

CONCLUSIONS
Vashe Wound Therapy demonstrates a significant clinical benefit

when added to standard wound-healing protocols in patients

with venous leg ulcers. The results of this evaluation indicate rapid

healing and a cessation of pain and odor in a high percentage of

patients tested.&
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