A clinical evaluation of the
efficacy and safety of singlet
oxygen in cleansing and
disinfecting stagnating wounds

¢ Objective: This cohort study evaluated the clinical efficacy of singler oxygen, ActiMaris (AM) a
hypertonic (3%} onised (pH 9.8) sea water solution. |t was assumed that when used for wound
cleansing, disinfection and the reduction of inflammation AM wauld be safe and effective,

* Method: Between May 2008 and May 2009, ambulant pacients presenting at ane of four waund healing
centres were included in the study Patients had eritically colonised and/or infected, maledorous wounds,
coverad with sleugh/fibrin or wounds showing inflammation of the periwound skin. Wounds were
assessed in terms of percentage changes in fibrin, slough and granulation tissue, they were assessed
clinically and high resalution digital photographs wers scored by a physician who was blinded 1o
treatment allocation, Results were compared at baseline (week 0) and following 42 days of AM

treatment {week &),

= Results: Seventy-thres patients were included in the analysis. Dressing changes were at 2-day intervals
on average.and the median treatment period was 46.04 days (range: 3—197). At 42 days, 33% (n=24) of
included wounds had healed, 57% (n=42) had Improved and 10% (n=7) remained stagnant. Cleansing and
wound disinfection with AM was effective. In 31 patients (42%) wounds had showed clinical signs and
symptoms of critical colonisation and/or infection at day 0, whereas at day 42 the infection was
completely eradicated, Inflammation was reduced in 60% {n=44) of cases and patients did not report

pain or discomfort when using AM,

= Conclusion: The use of singlet oxygen was shown ta be safe and the results of this study indicate AM
to be useful for wound cleansing, disinfection. reducing inflammation and promating wound [ealing,
« Conflict of interest: The centres were supplied with the study product by the sponsor. The authars

have no financial interest in writing this article,
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hronic and stagnating wounds often
prowice are ideal habitar tor microbial
colornisation, which tosether with the
lack of 4 host response, can impair heal-
ing Turthermorne, the
within such woseneds can be ideal for baclerial prolif-

crviranment

crabion, especially in the présence of necrotic or
sloughy tissue ™!

I'he removal of devitoliscd tissue s generally
acvepted asa necessary precondition for the forma-
ooy ol mrew tissue " Devitalised tissue can mask
intection, act as a physical harricr o healing and
mav impede novmal matn ormation, angiogenesis
cr the development of granulation tissue® Devital-
sl Blssue contributes to the production of intlam-
matory ovtokines, which to turn leads o the over-
production af materix metalloproteinases (MM s

Fhie value of chronicwound cleansing, including
debridement, b5 4 basic principle in the modern
approach w o wound management. " I iy part of
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wound bed preparation it gently and continu-
ousty removes debris and exudate, preparing the
wownd hed tor wound closaee.'=*

Topical -antimicrobial substances such as sifver,
povidond iodine or polihexanide are Increasingly
used o freat malti-resistant
Antiseptics have a lower potential 1o induce bacterial
resistance compared with antibiotics, although over-
e of these products may reduce their efficacy,””

In secent wears, there has been debate over the

wonnd  infections,

appropriateness and efficacy  of varous different
methods of wound Cleansing and disinfection. In
Forope  swe  differentiate
rremaval of dead tsseey and cleansing (removal of

between debrcdeenent
senescont cells and exudate), However, this distine-
tion is not made evervwhere, There are grey areas,
For Instance, in the management of slagnating
wostnds, the removal of an excess of MMDPs oiay be
e by absorhent dressings and not just by sharp
debridement,
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For wound cleansing, a variely of strategies are
curtently applied, such as short rinsing, or leaving a
dlressing impregnated with an antimicrobial in place
for approximately 20 minutes (the so-called "wet-to-
dry' phase} before applying the wsual  dressing
regime,®* Antimicrobials Iave @ time 10 onset, so a
better effect can be expectesd when applicd for 20
minutes, rather than o quick rinse. We previously
published this method in JWCand it has since been
widely practiced in Continental Europe and s cur-
renitly paining favour in the UK

Ty use these tissue friendly solutions in g moist
wonnd healing dressing, of course, gives an even
better cffect, Flowever, for this study we used AM
the same way as polvhexamethylene biguanide
(PHMI or other antiseptic solutions would be used,
applying best practice — the wet-to-dry phase.

[he wet-to-dey phase s a mult-phase concept,
which starts with an active cleansing phase, thie 'wet'
phase, in which a cleansing fluid s applied 1o the
wound for 20 minutes to one houor, followed by a
short resting phase, the ‘dey’ phase, During the dry
phase, the wound 15 covered with-a gauze dressing
aned peri-wound skin integrity 1s mstored, Cleansing
fluid evaporates during hoth phases, resulting in the
release of wound debris, exudate and pathogens,
which saturate the gawee dressing during the dry
phase, Mext, a moist wound healing dressing, usual-
Iy an alginate, feam or Hyvdraliber, is applied. If local
infection is present, then an antiseptic may be used
as thie cleansing agent during the wet phease and an
antisepiic dressing might be used aftervards, instead
of an-absorbent dressing. The aim af the wet-to-dry
phase 15 nof 1o create an optimal healing environ-
ment or temperature @although excessive cooling ofl
is to be prevented), hut rather to cleanse the wound
and reduce itching and inflammation.®

These are currently no conclusive data Lo show
which strategy, out of continuous treatment with an
antimicrobial combined with o dressing, or o short
cleansing phase using an antimicrobial before dross-
ing application b5 the most effective strategy for
wound disinfection.”

However, it has been suggested that the antimi-
crobial carrier used and the time during which the
antimicrotaal can become activated can influence
the results obtained with the treatment.®”

Singlet oxygen

Singlet oxvgen, a form al molecular axygen l!{.}I.J
which is less stable than the normal triplet oxygen,
(o reactive oxygen species (ROS), ActiMaris (AM)
(QuantumMedis Est, Vaduz, Liechtenstein) is an
ionised (pH 9.8) solution of sea water with active
singlel oxygen, that has been used as an antimicro-
fial for wound disinfection in Austria, Switzerland
and Germany.™!" [t is hypertonic (3%) and thus
draws water out of cells by asmaosis. !

KOS arc implicated inocellular activity to a varcty
of Inflammatory resporises. ™ Effects of RO on
cell metabolism have been well documented [or a
variety of species,'* " These include not oniy roles
i apoplosis (programmed cell deatk) Dul alsosin
other mechanisms such as the induction of hoest
defences.’ This can be explained with the redox
system. ROS generared within cells on more gener-
ally, ina tissue environment, can damage cells and
tissues. Aerobic arganisms can carefully control the
generation of KOS and other oxidative stress-relal-
ed mdical and non-radical reactive intermoediates
(that is, aerabic organisms can maintain redoy
homenstasis), and ‘make use' of these molecules
under physiological conditions, to modulate signal
transduction, gene expression and cellular fune-
tional responses Credox signalling’).

When AM s in contact with the wound bed. sin-
alet oxvoen is released slowly, as during the Krebs
cycle in mitochondra, ™'Y At a high pH (S.8), AMs
singlet oxygzen interacts with hydroxide groups as a
rechox systern, ' which ocours through a series of
complex vlectron transters.” Redox signaliing can
have positive effects, such as the induction of host
defence. AN elinical activity is based on
these mechanisms reducing  inflammatory reac-
tions, promoting neovascularisation, granulation
and opithelialisation in stagnating wounds."™ "

I AM, active oxyeen 5 bound and stabilised
bretween sodium and chloride fons (NaOOCT) i water
or gel. ™! Bacteria and viruses do not have an eff-
clent defence against singlet oxygen'' Singlet oxy-
sen, has been shown to have microbicidal activity
against Staphylococcus awreus and Escherichia coli in
vitr, and also when applicd o chronic wounds &
pive M When inocontact with skin and/or wounds,
active oxygen induces a reaction by hinding elec-
trons from ether cells orsubstances. " Thisdestrovs
thve sulphate groups of bacterial membranes in sec-
ornds, and thie bacteria are soon engulled,

The fast onsct of activity: makes AM especially
suitable for wound rinsing. """ AM is available as a
solution, a ferte solution and a sel, The solution and
the gel are indicated for cleansing contaminated
wounds and thase ol risk of infection. The forte
solution s indicated for critically colonised and
clinjcally infeeted wounds, AM hasa low concentra-
tion of natrinm oxicklorit (0,2%0) and both the solu-
tien ond gel are alkaling (plT 9% the forte solution
aned ged are hypertonic (3,0M),

The product may be combined with variousdress-
ings, such as alginates, hydrofibres and toams, tor
continuous application, """ Due to excellent tis.
sue compatibility and an absence of irritation; ubig-
uitous application is possible on the skin, muocos.
membranes, cavities, the middle ear and cartilage
and . beneath semi-occlusive and occlusive dress-
ings U ANE may he used for acute wounds, chronic
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| wleess and burns. ™' The active oXxygen product
may Bleach dark clothes and it s contraindicated in
individuals whio are allergic to sea salt.

This study 14 the frst clinical evaluation af AM. A
clinical cobort study was designed using case ascer-
fainment (o evaluate the use of singlet cxvgen foe
cleansing and disinfecting stagnating wounds of
varipus aetiologies, which had  previously been
treated with polinexanide at the clinics that partici-
pated in the study. Patients had all been treated
with PHME during dressing changes (wet-to-dry
phase lor 20 minutes; tor at least 14 days, and did
nol respond sufficiently, In terms of their clinical
signs and symptoms, High colonisation persisted
and wounds remained stagnant,

We deskgned a multi-centre cobort study 1o evalu-
ate the efficacy af AM for the treatment of paticnts
with stagnating wounds of vanous aetiologies,

Materials and method

Ihis multi-centre cobort study evaluated AM on the
[olloswing:

Primary cutcomes

o | he percentage of slough in the wound fed and
inflammation of the per-wound skin, comparing
iy (hwith day 42

« The percentage ol malodorous wounds that dem-
onstrated a reduction in adour during the course of
the study period

® 4 shift in wound bed tissue types, to determine
the stimulation of granulation and epithelialisa-
tion, comparing the wound bed condition at day O
and day 42.

Secondary outcome
o Ease of use, safety and suitability in deep wounds,

Patients

Between May 2008 and May 2009 ambulant patients
aged over TH vears with varions wound bypes were
recruited from four complex wournd healiog clinics,
twor in Austela (oentees' A and B, one in Germany
jcentre O and one in Switzerland feenrre 10 (Fig 10
The treatment protocol and level of expertise is
comparable across these centres,

Lacal ethics commitlee approval was obtained and
patients gave written informed cansent befare entry
into the study. The study included paticnts that had
presented at the centres with non-healing wounds of
different  astiologies, Stagnation  was confirmed
before entry inta the study, by demonsteating a lack
of improvement despite two weeks' treatment with
appropriate standard treatment. Patients had oriti-
cally tolonised andfor locally infected” malodonoes
wounds, covered with slough/Bbrin and  wounds
showing syimptoms and signs of iInflammation of the
peri-wound skin, In wouands with signs of infection,
siwabs were taken for bacterial analysis,” Patients with
systernic and spreading wound infections and those
with critical ischavmia were excluded,

Demaographic and clinical data

Ar day 0, patients' general condition, nutritianal
status and intake, mobility status, age and tisk fac
tors were assessed, together with social status and
specific factors that can delay wound healing. such
as alcohot use, cireulation disorders, diahetes melli-
fus, illicit drmag use, medications and smeking.

Wound healing, reduction of wound area and
wound bed condition

Wound area reduction and wound bed comdithen
wiere assessed at dressing changes on days ©, 7, 14,
26 and 42, Baseline tweek ) versus day 42 (week o)

AM treatment results wore compared, looking at
the percemtage changes in fibrin, slough and granu-
lation tissue, Both clinical assessment and high res-
olition digital photographs were used, the photos
scored Ty two physicians, who were blinded 10
treatrent. Photographs were analysed using o dig-
ital tool, which was applied to assess wound size
and evolution of the woned bed,'

A camputer programm, AW WS fwwwowlioh)
was used 1o caloalate the wound armea from thiese
digital images.” This program includes an adapted
version of the Dutch Wound Care Society (DWES)
colour classification, which was used to calculae
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Table |. Clinical characteristics of the consenting participants

Consenting participants
Clinical Characteristics (n=73)
Mean + 50
Age (years) BB £ 757
Frequency (%)
Presence of Lymphoedema B (10:96)
comorbidities  Diaberés Mellitos 8 (10.98)
Polyneurcpathy a4.1m
Peripheral arterial dizease. [4(19.18)
Hemiplegia (274
Critical-lschemia I {137
Demantiy 24274
cvl 22.(30.14)
Creher 12 (8.78)
Wound duration {manths) 0.5-21H
Viound Misted leg ulcer 13 (180)
Types Artarial leg ulcer 1 {200
DFU 8(11.0)
Post infect, 450
Trauma (7.0}
Surgical 16 (14.0)
PU 4{5.0)
VLU 25 (34.0)
Orcher 3(4.0)
Percentige
Wyiound Upper leg 3
lecaticn Sacrum I
Trunk 3
Trochanter 3
Abdamen 4
Tees 7
Foot 4
Foot-sale 7
Heal 3
Malleclus- 22
Lowar leg 43

C¥l=chronic venous insufficiency: DFU=diabetic foot ulcer; PU=pressire ulcos
V0L U=vonous leg ubcer

the percentages of slough, neceatic, granuiation and
epithelial tissues present,'”

Clinteal assessment of wownd healiong, was per-
firmed during dressing changes, by specialist Clini-
cians. o scale with the following categories was used:™
e Witunds were defined as stagnating when the sta-
ties ol the wound bed did not change between base-
line and end of the study
o Wounds had deteriorated when the clinical signs
and symptoms of inflammation and/or infection
inereased, of when sloughy tissue angd/or necrasis

hadl increased, o when granulation andd epithelinli-
sation did not progress

e Wounds were defned as improved when the cling-
cal signs and svmptoms of infection/intlammg-
b had reduced and/or when granulation/epi-
theliatisation had progressed.

& Wounds were defined as closed when epithelialisa.
o was complete:

Peri-wound skin condition

The condition of peri-wound skin was assessed at
dressing changes on davs O, 7, T4, 28 and 42, Base-
line (week ) results, versus those at 6 weeks” treat-
ment wers comparcd using o four-point scale; based
on a modified physician global assessment scale
(PGALY The presence of Inflammation was evalu-
ated using the fellowing scores: 1 = absent, 2 = min-
imal, 3 = moderate, 4 = severds Fvaluation consid:
ered hoth the degree of redmess and the area of
peri-wound skin invelved.

Odour assessment

Clour was assessed subjectively at dressing changes,
asking both clindcians and patients 1o score it on a
five-point scale (l=no offensive odour; 2=slight
offensive pdourn 3=moderste  offensive  odour;
d=much oifensive odourn; S=severe offensive odour).
Patients and clinicians were both asked i they
ehserved any changes when comparing the odour
to that smelled at the previous dressing change.
Fimally, patients were asked it wound odear hid
intluenced thelr daily living, A five-point scale
measuring quality of life in relation to wound odour
wirs used for this (lavery good; 2=pood; 3=mder-
ate] d=ponn S=Very [oor,

Dressing regime

Using AM as the cleansing agent, the tredtment pro-
tocol used the wet-to-dry phrase. The choice of
moist wound healing dressing (alinate, foam ar
Mydrofibery used after the wet-to-dry phase was at
the clindician’s disceetion: Both wound cleanser and
dressing were applied i accordance with the manu-
facturer's Instructions by experienced clinicians —
thie nurses and doctors at all fve centres are certifivd
wound care specialists, having completed a two-
vear course, The treatment period lasted a maxi-
i ol G weeks,

The study protocol stipulated  that  Cinicians
should treat the underlying aetiology — for instance,
venois leg ulcers should be treated with compres-
sion and diabetic foot wleers should be managed
with off-leading and callus removal. The choice of
primary and secondary dressing was at the discre.
tion of the cliniclan, as were dressing ¢hanges (on
average, 1hese took place every 2 days).

[f a4 wound was infected, the peri-wound skin was
protected, where applicable, with a zinc cream.
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Fig 2.Wound healing per wound type, comparing results at

day 0 and day 42
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Treatment was according to wound phase. For
instance, highly exuding wounds received an
absorbent dressing; deep wounds were treated with
a wound filler (such as an alginate) and covered
with a secondary dressing (such as a foam),

Follow up study

On completion of the study, the wound healing
climics kept AM as parl of their treatment protocol.
A furlher study was conducted between June 2008
and Cetober 20040 at the same four wound healing
clinics, using the same methodology and the same
wound types as the present cohort study, Data were
sedected from 1158 patients, treated with AM, with
various wound tvpes, 1o assess the effectiveness of
AM treatment and confirm 115 safety,

Results

All patiénts that were included (n=73) completed
the study, and no adverse events were recorded. The
mean age of participants was 68,8 vears (512£7.97)
(Tange: 9-95 years). 35 were female, The duration of
wounds before the start of this treatment ranged
from (15 months to 221 months, Prior to entry into
the study, the cleansing regimen for wounds was
just PHMBE. The same maoist wound healing dress-
ings were used, Table | shows patient characteris-
tics, concomitant diseases, wound types and wouned
locations.

In 90 of cases, standard AM rinsing solution was
wsed. The median treatment period was 46.04 days
{range: 3-197 days). At 42 days, 33% (n=24) of
included wounds had healed, 58% (n=42) had
improved (with at least a 20% reduction in wound

| areal, 3% (n=2) remained stagnant and 7% (n=5)

hael deteriorated. All of the wounds that remained
stagnant or deleriorated hacl issues with microcincu-
lation, or an arleral component, Results are given at
42 days as this is the lime by which wounds of the
included categories might be expected to improve
or heal® There were no differences in healing
rates between trealment centres. For details of
wound healing results by wound tvpe, see Fig 2,

Al the beginning of the study {day () peri-wound
skin inflammation was present in all of the e uded
wounds, with a mean score of 3.6 (5123.12) on the
for-paint scale. By the end of the stedy (day 42),
this had resolved in 60% (n=44), with a mean score
of 1 {80+1.02) was minimal in 33% (n=23}, with a
mean score of 1,7 (3041149 and was moderate in
7%, (n=0), with & mean score of 2.8 (SD42.62).

Clinicians and patients both noted a reduction of
offensive odour within 10 minutes of applving AM.
O dday 0, very offensive odour was present in J6%
(n=26) with a mean score of 4.6 (5D+4.32) on the
five-point scale used, By the secand dressing change,
the odour score had reduced o a mean af 2.1
(SD42.02) I 18 0f these patients (25% of the total)
and in the remaining B patients {11%) odour scores
were moderate, with a mean of 3.2 (5023, 18], At the
endl of the study, offensive adour had been resolved
in all cases, with a mean score of 1,2 (SD(0.96). No
significant differences’ were found between  the
seores given by clinicians and patients.

Results concerning the impact of wound odour
on gquality of life were pasitive, with patients report-
ing an improvement in their everyday quality of life
as a result of odour reduction. At day 0, the mean
score was 4.2 (£3.8), whereas by day 42 this had
reduced to 1.8 (£1.6),

On day O, 42% of patients (n=31) had wouneds
with symptoms anmd signs of critical colonisation
andfor infection. Infection was confirmed in 12
cases { 16% of the total) by wound swab. One patient
received systemic antibiotics: Local wound treat-
ment with AM was sufficient for the other patients.

Clinicians reported that handling AM during dress-
ing changes was easy. The majority (84.2%) scored {ts
clinical efficacy as ‘very good"and stated that they
would recommend AM for wound cleansing.

AM was successfully applied in combination with
varions dressings, including absorbent pads, algi-
nates, Hydrefiber, hydrocolloid, collagen, foam,
films and superabsarbent dressings.

Follow up study results

The follow wup study found similar cleansing efficacy.
Of the 33% (n=386) of patients that had wounds
with svmptoms and signs of critical colonisation
andfor infection at day ), 28% (n=108) had resolved
within 14 days of AM treatment, which is in line
with the results of the cohort study, Eradication of
infection was confirmed by comparing wound cul-
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bures taken on dads O and 14, together with the clini-
cal picture af symptoms and signs, No adverse events
were reported when performing wound cleansing
andjor wound disinfection with AM, which suggests
that it is safe to use in various wound types.

Discussion

The results of our study indicate that AM reduces
signs of infection and peri-wound skin inflamma-
tion and that it supports wound cleansing.” Using
the wet-ta=dry phase with AM and absorbent dress
ings, there was a shift from chironic inlammation Lo
proliferatinn, which shows that stagnating WS
moved on to granulation and epithelialisation: This
suggests a reduction ef proinflammatory cells, such
as MMDPs."

The wounds that remained stagnant and/or dete-
riorated all had reduced micrecicculation or an arte-
rial component, which might ¢xplain their lack ol
response o treatment, ™" AMS wound cleansing
and disinfection efficacy was nongtheless demon-
strated for varioos wound tepes.

[t |5 thought that a major factor enhancing
inllammation in stagnating wounds is an imbalance
of oxidants and antioxidants ™" The stagnating
wound  mictoenvironment  induces  oxidative
strass, 1 Following wounding, leukocytes, such as
neutrophils, release various ROS into the wournd
enviranment, such as superoside anions, hydroxyl
radicals; singlet oxygen and hydrogen peroxide. >
Fndothelial cells and Abrohlasts — in particular
senescent Abroblasts, which are prominent in stag-
nating wounds — are also a potential source of
ROIS,™ The redox activity of AM's:singlet oxvgen
mav help to restore the balance of oxidants and
anligidangs, ™

The effect of this product on wound odour reduc-
tiom and s compatibility with dressings such as algi-

nates, Hydrofiber and foams, warrants further inves-
tigation of singlet axygen in the treatment of chronic
wounds, Offensive odour can be a big prablem in
oncalogy wounds™ ! and current strategies to reduce
it invalve the use of topical antimicrobials {such as
metronidazale, cadexomer iodine and polihexanide)
together with reducing the amount of dead tissue ™=
These approaches are not always effective and can
cause complications such as bleeding % Wound
odour may be attribused to the size or imregalar shape
of the wound, the liquefaction of dead tissue or the
management of exudate The current management
options are not sufficient, as they do not sty acti-
vated lomg enough, are too toxic to be used on large
surfaces, ar thev do net penetrate far enough, to
anaerobic bacterla located beneath the surface.”
Here, the application of AM has shown its potential,
Especially as it may he combined with various dress:
inigs and it s appropriate for use on tragile tssucs.

Limitations

As with many new commercially available cleansing
products, direct comparative data on the use of AM
is ot vet avallable, Because there is no COTITESN
ar contral group, cause and effect relationships can-
neit be inferred from the prosent study, Towever,
before the study treatiment was initiated, all of the
included patients had previously been  treated,
unsuccessfully, with other therapeutic modalities,
which may be considered as a Tustorical control,

Conclusion

AM demonstrated  effective wound  cleansing,
removing debris and slowgh from the wound bed.
The product was easy ta apply and can be safely
used in both haspital and community settings. AM
showed good tojerability and high levels of user
satisfaction and patient comort. m
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