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Introduction: The development of the field related to the treatment of wounds has resulted in the appearance of
new antimicrobial active ingredients.

Aim: To analyse, evaluate and systematize the available scientific evidence of the effectiveness and safety of anti-
septic preparations intended for the treatment of chronic wounds.

Material and methods: We conducted a literature review using the advanced search engine in the PubMed data-
base. We used a combination of two English keywords, i.e.: “antiseptic” and “chronic wound”. We have selected
only clinical, randomized controlled trials.

Results: We obtained a total of 825 items (674 full-text works). We included 29 studies in the review. The most
frequently evaluated preparation was octenidine dihydrochloride and povidone iodine (pharmacological drugs).
Preparations containing polyhexanide, products based on hypochlorite, reactive oxygen species, 1% acetic acid,
and specialized antibacterial dressings were also assessed. The new generation of antimicrobial preparations were
highly effective, both in the prevention and treatment of infections, and were well tolerated by the tissues and do
not interfere with the healing process. The best tolerated and most effective antiseptic was OCT/PE. For cleaning,
we recommend OCT-based irrigation fluids, PHMB, or hypochlorite. The maintenance of the antimicrobial effect
during the therapy was ensured by a compatible dressing.

Conclusions: An antiseptic alone is not effective enough and the therapeutic effect depends to the greatest extent

on properly selected causal therapy, preceded by thorough diagnostics.
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Introduction

The term “antisepsis” (Greek for anti — against and
sepsis — rot) literally means “prevention of rotting”. It was
first used in a practical context by the Scottish surgeon
John Pringle in 1750 in order to define treatments and
substances that prevent wound rotting [1]. The first an-
tiseptic preparations (e.g. phenol, carbolic acid, chlorine
compounds) were simple and extremely irritating, yet for
some time they played a significant role and successfully
reduced the number of infections [1, 2]. Nowadays, with
changes in microbial characteristics of wounds and the
development of the discipline, expectations of antisep-
tics have increased. It is expected that the antiseptic

preparation will not only be effective against microorgan-
isms, but also safe and even beneficial, supporting and
stimulating the wound healing process. Kramer et al. [2]
published a list of antiseptics contraindicated in wound
treatment, including due to their increased cytotoxicity,
their inhibitory effect on the healing process (e.g. enzyme
inactivation, protein coagulation), local irritation and dry-
ing of the wound surface. It has been proven that some
of the substances used so far show no or quite weak
biocidal effect in in vivo conditions, which additionally
questions the justification for their use. According to
Kramer, the so-called “blacklist” includes, among others,
hydrogen peroxide, ethanol, dye-stuff, silver sulfadiazine,
chloramine T, or ethacridine lactate. Moreover, topical ap-
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plication of antibiotics to the wound is contraindicated
[2-6].

The development of the field related to the treat-
ment of wounds has resulted in the appearance of new
antimicrobial active ingredients on the market. On the
one hand, it increased the possibility of choice, on the
other hand, it raised many doubts and questions, includ-
ing which of the preparations is the most optimal, how
the antiseptics react on the skin and in wounds (acute,
chronic and complicated), what are the prophylactic and
therapeutic indications for their use. The situation is
further complicated by the fact that preparations con-
taining an antimicrobial agent can be registered in two

categories, i.e. as a pharmacological drug — PG (it is then
a “classic antiseptic”) or as a medical device — MD. Their
distinction is crucial when choosing the optimal meth-
od of wound treatment and care [2-4, 6]. It also has
a legal justification. According to the definition [2-8] and
applicable law [8-11], an “antiseptic” is a pharmacological
drug which destroys and / or inhibits the growth of (kills)
microorganisms on the skin, mucous membranes and
in wounds. Antiseptic (drug) should exhibit a pharma-
cological, metabolic and/or immunological bactericidal
or bacteriostatic effect. On the other hand, the medical
device — even if it contains an antimicrobial substance
—is basically not intended to kill, but only to physical-

Table 1. Criteria differentiating antiseptics (pharmacological drugs, drugs) and medical devices (other preparations
containing substances with antimicrobial activity, not being a drug, but in accordance with their intended use for

cleaning, irrigation and wound care)

Category Pharmacological drug, PD Medical device, MD

Mechanism  Pharmacological, biochemical, metabolic and/ The primary mechanism of action is physical cleansing (i.e.

of action or immunological mechanism leading to the washing/lavaseptic, absorption, moisture regulation or
inhibition, prevention or killing of bacteria irreversible physicochemical binding of microorganisms) — the
(biocidal effect) antimicrobial effect is only due to the addition of preservatives

Composition  Full description of the composition including the Composition taking into account the main components of the

individual components of the preparation and
their quantity (concentration, proportions, etc.),
indications and microbiological effectiveness

preparation (quantitative composition may be given but is not
required)

Registration  Pharmacological drug — is an ingredient or mixture

Medical device —is a tool, instrument, apparatus, equipment,

category* of ingredients with properties for the prevention or material or other article used alone or in combination, including
treatment of disease in humans and animals; software necessary for the proper application of the product,
Antiseptic — is a medicinal product, including intended by the manufacturer for use in humans for the diagnosis,
a veterinary medicinal product, which destroys prevention, monitoring or alleviation of the course of disease.
microorganisms and inhibits their growth, and is  Category Il products — characterized by only a physicochemical
applied topically to damaged tissues, in particular  mechanism of action and the lack of parameterized biological
wounds and burns, and to the patient’s skin before activity.
procedures. Category Il products — combine the physicochemical mechanism of
Antiseptics always contain an antimicrobial active  action of surfactants with the biocidal activity of an antimicrobial
ingredient. substance

Efficiency Confirmed both in in vitro studies, but above all in  Not always confirmed by in vivo tests

and safety clinical trials

Indications  Prevention and treatment of wound infections Wound cleansing, supporting the prevention and treatment of

wound infections

An example  10% PVP-I, polyvinylpyrrolidone-iodine In irrigation fluids (lavaseptics):

of active 0.1% OCT/PE - octenidine dihydrochloride/ OCT - octenidine dihydrochloride

ingredients  phenoxyethanol PHMB — polyhexanide (in combination with

CHX - chlorhexidine

undecylenamidopropy! betaine — Betaine)
NaOCl/HOCI - hypochlorite (e.g. sodium hypochlorite/
hypochlorous acid)

In dressings/gel:

Ag — metallic and ionic silver, salts, complexes and compounds
OCT - octenidine dihydrochloride

PHMB - polyhexanide (+ Betaine)

PVP-iodine

CHX = chlorhexidine

Active carbon

*based on: Definition of the Office for Registration of Medicinal Products, Medical Devices and Biocidal Products, Pharmaceutical Law Act of 6 September 2001
(Journal of Laws of 2020, item 944), Act on medical devices of 20 May 2010 (Journal of Laws of 2020, item 186), Regulation of the Minister of Health on the
determination of groups of medicinal products and the requirements for the results of tests of these products of 11 August 2005 (Journal of Laws of 24 August
2005), Kramer A, et al. Consensus on wound antisepsis: update 2018. Skin Pharmacol Physiol 2018; 31: 28-58. Bartoszewicz M, et al. Principles of local and general
management in chronic wounds/ulcers covered by the infection process. Infection Forum 2019; 10: 1-30.
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ly remove contaminants and microorganisms. Medical
devices are usually intended for cleaning and irrigation
of wounds, as well as supporting the prevention and
treatment of infection, while antiseptic preparations are
used only in clinically justified situations [3, 4, 6] —in the
prevention of infections, in contaminated acute wounds
(e.g. traumatic wounds, after bites, gunshot wounds), in
the prevention of surgical site infection and in order to
decolonize wounds inhabited by multidrug-resistant mi-
croorganisms. Therapeutically, the antiseptic is indicated
in the treatment of clinically overt (i.e. symptomatic) local
and generalized infection [2, 6, 12—-14]. However, routine
antisepsis of clean and colonized wounds is not recom-
mended, except for individual indications in patients at
risk. Table 1 summarizes the most important information
on the differences between medicinal products and med-
ical devices applied to wounds.

In practice, the greatest difficulty is choosing the op-
timal preparation for the treatment of chronic wounds
and ulcers. Regardless of their aetiology, chronic wounds
require long-term therapy, and the applied preparation
is applied over a large area of exposed and damaged tis-
sues, unlike acute, traumatic and postoperative wounds.
It should be mild and non-toxic. Moreover, chronic
wounds are burdened with extensive inflammation, and
the profuse exudate may contain factors that modify the
ability of the antimicrobial substance to eradicate path-
ogens [3]. The preparation is effective in vitro and may
change the action in the protein-rich environment of the
wound. Therefore, experts emphasize that the measure
of the effectiveness of this preparation is the assessment
of its effectiveness and safety, primarily in clinical condi-
tions [2, 6, 14].

Aim

The aim of this study was to analyse, evaluate and
systematize the available scientific evidence on the effec-
tiveness and safety of antiseptic preparations intended
for the treatment of chronic wounds. The analysis includ-
ed clinical trials and research conducted in vivo, obtained
from the publicly available English-language search en-
gine PubMed.

Table 2. Criteria for qualifying the article for analysis

Material and methods

We conducted a literature review using the advanced
search engine in the PubMed database on the website:
www.pubmed.ncbi.nlm.nih.gov/. We used a combination
of two English key words, i.e.: “antiseptic” or “antisepsis”
and “chronic wound”. There are no restrictions on the
publication date and language. We have selected only
full-text works that meet the criteria of “clinical trial” and
“randomized controlled trial”. For the final qualification
of the research, we analysed the titles and abstracts of
articles that meet the adopted criteria (Table 2).

The online database review and the qualification of
papers based on the title and content of the abstract
were carried out independently by two people specializ-
ing in the treatment of chronic wounds. The results were
compared, standardized, and then the full research texts
were analysed.

Results

In the preliminary search, we obtained a total of 825
items, 674 of which were full-text works. After elimina-
tion of works that did not meet the criteria of a “clini-
cal trial” and “randomized controlled trial”, 68 articles
remained. We excluded some of them on the basis of
the title of the article or the content of the abstract,
which indicated that the study did not meet the adopt-
ed criteria. Two articles were classified differently by the
researchers and their exclusion from the analysis was
a controversial issue. The study by Gasca-Lozano et al.
[15] assessed the effectiveness of topical application of
a gel containing pirfenidone (PFD) and modified diallyl di-
sulfide oxide (M-DDO). PFD is a strong modulator of the
extracellular matrix, and M-DDO has antimicrobial and
antiseptic properties. We excluded this study because the
PFD + M-DDO gel was used on uninfected wounds, and
the aim of the study was to evaluate the effectiveness
of the preparation in comparison with ketanserin. The
study by Bishop et al. [16] compared the effectiveness
of the biologically active tripeptide copper complex 0.4%
cream (having growth factor properties) with silver sul-
fadiazine in the treatment of venous leg ulcers. Due to
the local use of the antibiotic and the lack of use of the

Study type

Randomized, single or multicentre, with or without control, or observational with a control group

Study group

Adult patients with chronic wounds, regardless of aetiology (excluding neoplastic and unclassified

wounds, as well as wounds and lesions involving mucous membranes)

Interventions

A preparation containing an antimicrobial substance, regardless of the form (liquid, gel, powder,

impregnation), intended for the care and/or treatment of chronic wounds

Control group

Standard care or other alternative antimicrobial treatment of wounds at risk of infection or infected

Measure of the effectiveness

of the preparation complications, others

Progress of the healing process and/or demonstrated microbiological effect, side effects/
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antiseptic preparations, the study was excluded from the
final analysis.

Ultimately, we included 29 papers in the review, most
of them published in the last 10 years (i.e. 16 (55.2%) pub-
lications), 10 (34.5%) publications constituted multicen-
tre studies. The studies were most often carried out in
a group of patients with venous leg ulcer (VLU), leg ulcer
of vascular aetiology, diabetic foot ulcer (DFU), pressure
ulcers (PU) and other chronic wounds. The most fre-
quently evaluated preparation was octenidine dihydro-
chloride (OCT) at a concentration of 0.1% and in combi-
nation with 2% phenoxyethanol (PE) solution, registered
as a pharmacological drug [17-21] or at a concentration
of 0.05% as a wound irrigation solution and wound gel
registered as medical devices [17, 21-23]. Preparations
containing iodine were used in the form of povidone
jodine — PVP-I (drug) [22, 24-28] or cadexomer-iodine
(medical devices) [29-32]. Several studies have assessed
preparations containing polyhexanide (polyhexamethy!-
ene biguanide, PHMB) without or in combination with
undecylenamidopropyl betaine (medical devices) [20, 33,
34]. The group of assessed antimicrobial preparations
also included dressings containing various forms of Ag
[17, 31, 35-40]. Single studies evaluated products based
on hypochlorite [20], reactive-oxygen species [20], 1%
acetic acid [41], N-chlorotaurine and chloramine T [42]
and combinations of two or more of the above-men-
tioned methods [15, 17, 20, 32]. One of the studies re-
ported the results of research on a new specialized dress-
ing containing light-activated nanofiber textiles [43]. In
most of the analysed studies, microbiologically neutral
irrigation fluids (0.9% NaCl, Ringer solution), specialized
dressings, physical methods (e.g. cold atmospheric plas-
ma), systemic antibiotics or simply standard medical
care in accordance with the guidelines were used. Due
to the varied methodology of the research, the assessed
parameters and the different observation time, we were
not able to perform a statistical evaluation in the form of
a meta-analysis, but only a descriptive analysis. Detailed
results are presented in Table 3.

Discussion

The keyword “antiseptic” entered into the search
engine included products which included both pharma-
cological drugs and medical devices. Following the rec-
ommendations of experts [2—6, 14, 44, 45] we tried to dis-
tinguish between these two types of products. In some
studies, the registration category of the preparation was
not given, but only its type, concentration and form of
the used antimicrobial substance. This allowed us to cat-
egorize according to the registration status of products
in force in Poland. In the category of drugs for use on
wounds, the following are registered: 0.1% OCT/PE and
10% PVP-I [3]. Other products containing antimicrobial
substances have the status of medical devices [3-5, 45].

144

All the currently recommended preparations, which
have obtained positive recommendations in in vitro stud-
ies, have also shown high effectiveness in the environ-
ment of chronic wounds, such as VLUs, DFUs, PUs and
others [17-21, 24, 25, 27, 28]. The tolerance of antiseptics
varied. It is described, among others, by Biocompatibil-
ity Index (BI) determined in vitro. The optimal Bl is > 1.
It is characterized by antiseptics of high antimicrobial
effectiveness and low cytotoxicity [46]. Such a value of
the biocompatibility index was demonstrated for OCT
(Bl =1.7; 2.1) and PHMB (Bl = 1.5; 1.4). However, in clinical
conditions, the tolerance of the antiseptic is compared
with isotonic Ringer’s solution, 0.9% NaCl or a neutral
hydrogel [2, 6, 45-47].

The good tolerance of antiseptics with OCT was con-
firmed in a 12-week multicentre randomized study, which
compared the efficacy and safety of the OCT and Ringer
solution. The rates of the healing process did not differ
significantly between the groups, but the rates of adverse
events and complications, including pruritus, local irrita-
tion and pain were significantly lower in OCT [20]. The re-
sults of the study by Calow et al. [21] also confirmed the
good tolerability of OCT in chronic wounds. During the
2-week observation period, allergic reactions and signs of
contact dermatitis were assessed after the application of
the medicinal product with OCT/PE. Allergic complications
were sporadic (4.4% of patients). The relationship with the
applied antiseptic was confirmed in 3% of the respond-
ents. The results of patch tests showed that a positive skin
reaction was associated with the action of phenoxyetha-
nol and the excipient — cocamidopropy! betaine, but not
octenidine [21]. In a study comparing the antimicrobial
efficacy of OCT versus cold atmospheric pressure argon
plasma (a method of physical wound cleansing), the tissue
tolerance of both methods was similar, but OCT showed
a significantly higher microbial reduction (immediately
after cleaning the wound as well as after the end of the
entire 2-week treatment cycle) [18].

lodine povidone, an iodophor antiseptic, despite its
high effectiveness, did not show such favourable tol-
erance in the environment of chronic wounds. Various
forms and concentrations of iodine preparations have
been evaluated in clinical trials, including PVP-I (solution,
ointment), cadexomer iodine (powder, ointment, dress-
ing) and povidone iodine liposome hydrogel (PVP-I-L).
The results of the studies varied depending on the type
of control therapy. Better results were achieved with the
combination of standard care and antiseptic action of io-
dophors than without their use [24, 25, 27, 30], but worse
compared to silver dressing [31] and systemic antibiotic
therapy [26]. A comparison of the microbial load before
and after the use of povidone or iodine dextranomers
indicated a statistically significant reduction in the num-
ber of bacteria in the wound swab [22] and a lower total
bacterial load in the ulcer biopsy material [29]. The ben-
eficial antimicrobial effect was achieved regardless of the
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Table 3. Summary of data from the analysis of clinical trials assessing the efficacy and tolerability of antimicrobial

preparations in the treatment of chronic wounds

Author, year ~ Sample size, n Type of Comparison Results and conclusions
Patient [wound] wound

Malone (2019) 9/9 DFU Cadexomer iodine 0.9%;  No differences in the results due to the duration of

[29] ointment (2 vs. 6 weeks)  therapy. Total microbial load and community composition
decrease (assessed by real-time gPCR method and SEM)
— after 2 weeks and 6 weeks was comparable

Raju (2019) 41/43/40 VLU 0.9% cadexomer iodine  Significantly better results achieved when standard care

[30] ointment or powder vs.  was combined with an antiseptic than with no care

standard care (12 weeks)
Assadian 11[13]/20[23])/ Chronic The antibacterial effect of ~ Allirrigation solutions excluding 0.9% NaCl and H,0 +

(2018) [22] 22[271/14[14)/ wounds different irrigation solutions
22[23]/16[16)/  of various  during a 20-minute wet-to-
31[33)/17[31)/ aetiology moist treatment of chronic

lithium-magnesium-sodium-silicate, Sal Maris, nascending
0, (Biosept), significantly reduce the planktonic bacterial
burden on wounds. The highest reduction was noted at:

33[36]/37[41])/ (VLU, AU, DFU, wounds has been studied cocamidopropyl betaine, zinc, iron, polyhexamethylene
25[28]/12[14]*  PI, others) biguanide (Nawalution), then sea salt 3% and 0.2% sodium
hypochlorite (Actimaris Forte 3%) and 10% povidone-iodine
(PVP-I) solution with 10% free iodine (the most statistically
significant decrease in the number of bacteria), hypochlorite
(ClO-) and hypochlorous acid (HCIO)
57 mg/| (Anosteralyt 30%). The combination of two
different irrigation solutions did not increase or even reduce
the antibacterial effectiveness
Kim (2018) 22/21 Chronic Biofilm-disrupting wound  Greater progress in the healing process in the group
[51] wounds gel vs. a triple-antibiotic  treated with the gel (wound healing: 71% vs. 24%).
of various ointment (12 weeks) Microbiological analysis showed no correlation between
aetiology the presence of bacteria in the wound, or the number of
identified species of microorganisms and the effect on
the healing process
Madhusudhan 16/16 Chronic 1% acetic acid vs. 0.9% NaCl The duration of treatment required to eliminate the
(2016) [41] wounds (24 weeks) Pseudomonas from the wounds in the acetic acid group
infected with was on an average 7 days less than that required by the
R aeruginosa saline group
Wolcott (2015) 15/15/15 Chronic Standard care/biofilm- Significantly higher percentage of the healed area in the
[44] wounds disrupting wound gel/gel + group using the gel or gel in combination with standard
of various standard care (12 weeks)  care compared to the standard care alone without the
aetiology gel (53% vs. 80% vs. 93%). In this study, the biofilm
(VLU, AU, DFU, structure in wounds and the actual effect of the gel on
Pl others) the biofilm were not identified
Hammerle &  15[15]/14[17]/ VLU OCT gel + specialist Significantly better effectiveness (% healed area) and
Strohal (2014) 15[17]* dressing/OCT gel + gauze/ tolerance of OCT gel and OCT gel in combination with
[23] specialist dressing a dressing than the dressings alone. No differences
(6 weeks) between the groups in the incidence of infections at the
end of therapy
Krasowski 40/40 VLU “Sandwich” (multilayered)  Significantly better healing dynamics (1.58 vs. 0.23 cm?/
etal, 2015 dressing consisted of week), higher percentage of the wound area healed:
[17] layers having different (58% vs. 14%), degree of microbiological eradication

forms of OCT (gel, solution
and antiseptic) vs. silver
dressing, absorbent
dressing and Ringer’s
solution (8 weeks)

(21.7% vs. 3.1%) after 4 weeks and after 8 weeks (69.6%
vs. 43.8%) and 1.37 times greater decrease in pain
intensity in the study group

Ulrich (2015)  10[10}/10[10]*  Ulceration OCT antiseptic vs. APP
[18] of vascular (2 weeks)
aetiology

Better effectiveness of OCT than APP — higher
microbiological reduction immediately after treatment
(64 vs. 47%) and influence on bacterial density after

2 weeks of therapy (-35% vs. + 12%). Tolerance of both
methods — comparable

Advances in Dermatology and Allergology 1, February/2022

145



Justyna Cwajda-Biatasik, Paulina Moscicka, Maria T. Szewczyk

Table 3. Cont.

Author, year  Sample size, n Type of Comparison Results and conclusions
Patient [wound] wound
Klebes (2015) 34 (3 groups) E.g. ulcers TTP or OCT or TTP + OCT  Bacterial colonization (assessed before and after
[19] of various debridement) was most significantly reduced in the TTP
aetiologies + OCT combination group compared to monotherapy
Woo (2019) 34 (2 groups) Critically Antimicrobial dressing A significantly better effect (reduction in bacterial load
[35] colonized with silver alginate powder and reduction in the wound surface) was achieved in the
wounds vs. normal saline solution  group using the silver preparation
gauze dressing group
(4 weeks)
Vanscheidt 60/66 VLU OCT antiseptic vs. Ringer ~ No statistically significant advantage of the OCT
(2012) [20] solution (12 weeks) preparation in the parameters of the healing process
(time to wound closure, number of healings, healing
dynamics were comparable). There were fewer
complications in the group using OCT as compared to
the Ringer’s solution (16.7 vs. 28.8%)
Sibbald (2012) 23/22 Lower limb PHMB foam dressing vs.  The use of PHMB foam dressing was a significant
[33] ulceration foam dressing (4 weeks)  predictor of reduced wound superficial bacterial burden.
PHMB foam dressing successfully reduced chronic wound
pain and bacterial burden
Arenbergerova  84/39/39 VLU Polyurethane fabric made  High antibacterial effectiveness of light-activated,
(2012) [43] of nanofibers (NT, nanofibre antibacterial nanofibers with TPP admixture (significant
textile) with an admixture inhibition of bacterial growth, reduction in the wound
of tetraphenylporphyrin  area by 35% and pain reduction by 71%). Bacterial
— TPP (photosensitizer) ~ photoinactivation, dependent on the production of highly
subjected to photo reactive, short-lived singlet oxygen O, (1Dg), resulted in
exposure vs. NT without  a relatively superficial antibacterial effect and did not
TPP and NT with TPP kept interfere with the ulcer healing process
in the dark
Romanelli 20/20 VLU PHMB solution vs. 0.9% In the group treated with PHMB, a favourable decrease in
(2010) [34] NaCl (4 weeks) wound pH (from 8.9 to 7.0) was achieved, in the control
group the pH was stable at 8.5. In the study group, better
tolerance, pain reduction and odour absorption
Woo (2010) 20/22 Infected Silver alginate wound The regression of local signs of infection, local tolerance,
[35] chronic dressing vs. alginate acceptability and usefulness were similar for the two
wounds dressing (2 weeks) dressings. However, silver alginate wound dressing
of various improved the bacteriological status of the wounds
aetiology
(VLU, AU, DFU,
PI, others)
Miller (2009) 133/133 VLU, MU Cadexomer iodine vs. The performance of each of the two antimicrobials was
[31] nanocrystalline silver comparable in terms of the overall healing rate and
(12 weeks) the number of wounds healed. However, use of silver
compounds was associated with a quicker healing rate
during the first 2 weeks of treatment and in wounds that
were larger, older, and had more exudate
Kotz (2009) 126 Chronic 3 types of Ag foam dressing Non-comparative assessment of silver foam dressings
[37] wounds with  (adhesive, non-adhesive - all were well tolerated (88.3% of wounds). Clinical
high exudate and sacral) (Me = 21) symptoms of infection were reduced (from 68.1% to 31%)
and risk of or cured (clinical infection in the final evaluation only in
infection 8.5% of patients)
Calow (2008) 251 Chronic OCT/PE (2 weeks) without  The presence of contact dermatitis after OCT/PE was
[21] wounds any control group assessed. Local symptoms of contact dermatitis in n = 11
of various out of 251 (4.4%). Patch test undiluted: 7/7 and diluted:
aetiology 4/7. ROAT: 5 by 7; Improvement after withdrawal of
(VLU, AU, DFU, the allergen: 8/8. Ambiguous allergic reaction — rather
PI, others) related to the excipient
146 Advances in Dermatology and Allergology 1, February/2022
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Table 3. Cont.

Author, year  Sample size, n Type of Comparison Results and conclusions
Patient [wound] wound
Hauser (2006) 83/84 Skin graft Povidone iodine liposome A significantly better microbicidal activity and tissue
[24]; Vogt collection sites  hydrogel (PVP-I-L) 3% +  tolerability of the PVP-I-L hydrogel compared to
(2006) [25] and locations  soft paraffin dressing vs.  conventional PVP-| formulations was shown. PVP-I-L
(chronic soft paraffin dressing alone hydrogel combines microbicidal and wound healing
wounds, (until the wound is healed) activities resulting in enhanced epithelization. Rejections
burns) of transplants: 8 (9.9%) vs. 20 (26.7%)
Miinter 326/293 Chronic Sustained silver-releasing  The foam dressing with a prolonged release mechanism
(2006) [38] wounds foam dressing vs. best local of silver ions (up to 7 days) exceeded BPL and all other
of various practice (BLP) (4 weeks)  dressing categories in all aspects assessed (reduction
aetiology in the wound surface, reduction in exudate, fibrin and
(VLU, AU, DFU, necrosis; improved quality of life and longer wear time)
PI, others)
Daréczy 21/21/21 VLU (patients PVP-I with or without Number of healings in individual groups: 82%, 62%, 85%
(2006) [26] presenting compression therapy vs.  Recurrences of infections after 5 months: 11%, 11%, 32%
ulcerated systemic antibiotic with
stasis compression therapy
dermatitis (12 weeks)
due to deep
venous reflux)
Lansdown 7 Chronic Silver dressings (Acticoat-7, Silver dressings were found to be safe for use in chronic
et al., 2005 wounds Actisorb Silver, Contreet ~ wound therapy
[39] of various Foam, Aquacel Ag and
aetiology Flamazine)
Karlsmark 25 VLU Sustained silver-releasing  The tested dressing turned out to be safe, beneficial
(2003) [40] dressing (4 weeks) without for the healing process and ensuring control of
any control group exudate: reduction in the ulcer area by 56%, increase in
granulation tissue, reduction in unpleasant odour (after
1 week), average wear time 3.1 days
Nagl (2003) 20/20 Leg ulcers G1: N-chlorotaurine (NCT)  Therapeutic effectiveness of treatment (decrease in
[42] vs. chloramine T (CAT) bacterial load) comparable. The intensity of pain in both
(median of 7 days (range:  groups increased after the application of the preparation,
3-14)) more so in the case of CAT (more often pain preventing
the continuation of therapy). Less toxicity, greater
granulation growth, and re-epithelization in NCT
Piérard- 15/15 VLU 10% PVP-) (Betadine) +  Significantly better healing results were achieved in the
Franchimont hydrocolloid dressing vs.  study group (4 and 8 weeks). Greater bacterial load and
(1997) [27] hydrocolloid dressing alone inflammatory infiltrate in the group using the dressing
(8 weeks) alone
Ormiston 30/30 VLU Cadexomer iodine 0.9%  Comparison of the effectiveness of two preparations
(1985) [32] (powder) vs. dressing in cross-over therapy — 12-week change of methods
with gentian violet and ~ between groups. Greater dynamics of healing, but
polymyxin and bacitracin  also more side effects (stinging, itching, eczema, rash)
ointment (12 weeks) in the group using iodine cadexomer. Improvement
in granulation, oedema, exudate, pus and erythema
comparable in both groups
Kucan (1981) 15/11/14 PI Silver sulfadiazine, 1% All the preparations used resulted in the reduction in the

(28]

(cream) vs. PVP-J vs. 0.9%
NacCl (3 weeks)

bacterial count below the critical level of 105/g of tissue
(after 3 weeks: 100%, 78.6%, 63.6%), however, silver
sulfadiazine in a much shorter time

qPCR — real-time quantitative polymerase chain reaction, SEM — scanning electron microscopy, In RF — natural log reduction factor; (1 FR is a bacterial reduction
factor, expressed as the natural logarithm, APP — cold atmospheric pressure plasma, TTP — tissue tolerable plasma, NT — TecophilicTM nanofibre textile, TPP — te
traphenylporphyrin(photosensitizer), ROAT — repeated open application test, VLU — venous leg ulcer, AU — arterial ulcer, DFU — diabetic foot ulcer, Pl — pressure
injury, OCT — octenidine, PE — phenoxyethanol, PHMB — polyhexanide.
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duration of therapy (2 weeks vs. 6 weeks) and concentra-
tions [22, 29, 48]. Therefore, long-term use of iodophors
is not justified. With many substances there is a risk of
jodine absorption from the wound surface. Due to the
risk of systemic complications and irreversible damage to
the thyroid gland, they are contraindicated in the course
of thyroid diseases, in young children, premature babies
and newborns. In healthy adults, single or short-term ap-
plication is safe, however, due to the risk of temporary
thyroid dysfunction and allergies, it is recommended to
use PVP-I for a maximum of 7 days [48, 49]. Despite the
broad biocidal spectrum, iodophors are characterized by
a high allergenic potential and cytotoxicity. Compared to
OCT and PHMB, PVP-1 has a much lower (i.e. borderline/
below normal) value of the biocompatibility index (0.9—-
1.0), which is not favourable for wounds with impaired
healing potential. Most iodine preparations should not
be used in the treatment of chronic wounds [6, 46, 47].
An exception is a modified form, povidone iodine lipos-
ome hydrogel. The macromolecular carrier system and
the gradual release of liposomal iodine result in lower
absorption, lower sensitization potential and cytotoxicity
[48, 49]. Clinical trials have shown good tissue tolerance
of the preparation. PVP-I-L supported the healing of mesh
grafts and donation sites in patients with ulceration,
chronic wounds and burns, and reduced the risk of graft
loss [24, 25].

Another analysed antimicrobial substance was poly-
hexanide (polyhexamethylene biguanide — PHMB), which
in in vitro was characterized by a very favourable value of
the Bl = 1.4-1.5, slightly lower than OCT and higher than
PVP-1[2, 6, 46]. In Poland, all preparations with PHMB
are available in the medical device registration category.
They are present in concentrations of 0.02% and 0.04%
as a wound cleansing fluid, at a concentration of 0.1% in
combination with betaine (i.e. a surfactant) as a wound
cleansing fluid, and as a 0.1% hydrogel for wounds [14].
Three randomized clinical trials assessed the efficacy and
antibacterial activity of PHMB preparations [22, 33, 43].
During the 4-week treatment of chronic wounds of the
lower limbs and feet, a significant reduction in the bacte-
rial load and better tolerance of the PHMB impregnated
dressing (no complications, infections and less pain) than
the control dressing was demonstrated [33]. In another
study, irrigation of venous ulcers with 0.1% PHMB and
betaine was more effective and resulted in significantly
faster eradication of bacteria than saline irrigation. The
use of PHMB was conducive to the reduction in odour
from the wound [43]. In a study evaluating several differ-
ent irrigation solutions — preparations containing PHMB
and betaine showed measurable and significant bacte-
rial reduction in the bed of chronic wounds. One of the
preparations was significantly more effective (the most
effective among all assessed products) than the other,
whose bacterial reduction index was on the border of
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statistical significance. Both were more effective than
saline [22].

In the same randomized trial, a comparative evalu-
ation of several other wound irrigation substances was
performed, including those containing OCT, PHMB, PVP-I,
hypochlorites, sea salt, hypertonic salt, a combination of
two/more formulations, and 0.9% NaCl as control [22].
All the solutions used, except saline and lithium-mag-
nesium-sodium solution with active oxygen, resulted
in measurable and significant bacterial reduction in the
wound swab. The best result — from the above-men-
tioned betaine aqueous solution with PHMB, zinc and
iron —was achieved with a 3% sea salt solution with
0.2% NaOCl, PVP-I and a solution of sodium hypochlo-
rite with hypochlorous acid. It should be emphasized,
however, that this study only assessed the antimicrobi-
al efficacy of the preparations (the number of microor-
ganisms was compared before and 20 min after wound
cleaning), but did not assess their tolerance and effect
on the wound healing process. Based on the results of
this study, it is difficult to draw conclusions about the
effects of long-term therapy and the tolerance of individ-
ual preparations. It is worth emphasizing, however, an in-
teresting observation resulting from the combination of
two different irrigation solutions (here: OCT with PHMB).
Contrary to the authors’ expectations, no synergistic ef-
fect was observed, but a decrease in the effectiveness of
the preparations (compared to the action of each of them
separately) and a significantly lower bacterial reduction
index. It is therefore not justified to combine different
types of preparations from the same registration group.

Many studies have compared single antimicrobials
to placebo or standard care. Irrigation fluids and gels
(with OCT, PHMB) [17, 23, 33, 34] and dressings (mainly
with Ag) were assessed [31, 36-38, 40]. The use of all
the above-mentioned methods gave significantly better
treatment effects than in the control groups. Combined
care was also beneficial, combining various methods of
therapy, e.g. local with causal, or physical cleansing with
the chemical action of an antiseptic. The combination of
dressings with an antimicrobial preparation (OCT, PHMB)
was better than the special dressing itself [17, 23, 33]. In
one of the studies, the “sandwich” dressing was used,
consisting of several layers: octenidine in a gel, a spe-
cialized hydrophobic dressing and an external absorbent
dressing. The wound was washed with a liquid OCT an-
tiseptic. In the control group, a specialized Ag dressing
and an external absorbent dressing were used, but the
wound was washed with a neutral Ringer’s solution.
Octenidine used in the form of a drug —an antiseptic and
a medical device (lavaseptic and gel) gave significantly
better results in the treatment of venous ulcers than
the dressing itself, despite the silver content [17]. Other
authors also observed that the lavaseptic supported by
a compatible antiseptic [17], the combination of octeni-
dine preparations with the physical action (cold atmos-
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pheric pressure plasma) [18, 19] and the combination of
antimicrobial preparations with compression therapy in
the course of VLU [17, 26] were significantly more effec-
tive than either method alone.

Interesting results were obtained by Madhusudhan
[41] on the use of acetic acid in the treatment of chron-
ic wounds infected with Pseudomonas aeruginosa. The
blue pus bacterium is a pathogen that is particularly dif-
ficult to eradicate. It has a natural resistance to many an-
tibiotics, and in the case of chronic wounds it is addition-
ally enhanced by the bacteria’s ability to create biofilm.
When using acetic acid, the authors were guided by the
knowledge that the acidic environment of the wound fa-
cilitates the control of infection, promotes the inhibition
of bacterial proteases and metabolites, and accelerates
epithelization and angiogenesis [50]. The use of an anti-
septic preparation reduces the risk of bacterial resistance
development and is a much better solution than antibi-
otics. Madhusan used 1% acetic acid in a 24-week study,
but Kramer [6] reported that concentrations of 1-5% were
acceptable [6, 50]. It was shown that the mean time of
P aeruginosa eradication was 7 days shorter than in the
control group. Apart from pain and burning/discomfort,
no other complications were found. Contraindications to
the use of acetic acid were not given. In our review, this
was the only study looking at the use of acids in chronic
wounds. Perhaps the next ones will increase the popu-
larity of fruit acids in the treatment of multi-drug-resist-
ant infections and support the eradication of biofilm.
Meanwhile, the study by Wolcott [44] and Kim [51] used
a specialist antimicrobial gel to heal wounds, based on
the patented, non-toxic Xbio™ technology by Next Sci-
ence. The manufacturer states that it deconstructs the
bacterial biofilm EPS matrix, destroys bacteria within the
gel and defends from recolonization while maintaining
a moist wound environment [52]. In clinical trials, the gel
was compared with standard care [44] and with triple-an-
tibiotic ointment (including neomycin, polymyxin B, and
bacitracin) [51]. In both cases, the biofilm-degrading an-
timicrobial gel was more effective — the group using the
gel alone had a significantly greater reduction in wound
area than the standard care group, but the best results
were achieved when combining specialist care with gel
(over 12 as much as 95% of the wound surface will heal)
[51]. The performed microbiological analysis showed
no correlation between the presence of bacteria in the
wound, or between the number of identified species of
microorganisms and the effect on the healing process.
The frequency of vancomycin and methicillin-resistant
genes assessed by polymerase chain reaction (PCR) was
so low that it did not provide sufficient power for sta-
tistical evaluation. These data, according to the authors
of the review, are not sufficient to draw unambiguous
conclusions confirming the degradation of biofilm by the
gel used in clinical conditions.
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Similarly, when it comes to the evaluation of a new
dressing material based on a polyurethane nanofiber
fabric prepared by the nanofibre textile method with an
admixture of tetraphenylporphyrin as a photosensitizer
activated by visible light. One of the studies investigat-
ed the antimicrobial activity, the effect on the healing of
venous ulcers, and the safety of the material. High effi-
ciency of the dressing was demonstrated (significant in-
hibition of bacterial growth, reduction in the wound area
by 35% and pain reduction by 71%). Bacterial photoinac-
tivation, dependent on the production of highly reactive,
short-lived singlet oxygen O, (1Dg) resulted in a relatively
superficial antimicrobial effect (only on the material sur-
face) compared to standard antiseptic treatment options.
The authors emphasized that in the future this method
may become an alternative to the topical application of
antiseptics and antibiotics, as it does not interfere with
the normal healing process and has no side effects [43].

Conclusions

Our analysis made it possible to systematize the re-
sults of clinical trials conducted so far concerning the use
of antimicrobial substances in the treatment of chronic
wounds. New generation antiseptics and antimicrobial
preparations are highly effective, both in the prevention
and treatment of infections, and are well tolerated by
the tissues and do not interfere with the healing process.
Nevertheless, they should not be used routinely. Clean
and colonized wounds do not require antiseptics. Anti-
septics are recommended for wounds showing clinical
symptoms of infection, at risk of infection and in patients
with disorders of the immune system or accompanying
chronic diseases. According to experts’ suggestions, it is
worth using a parametric risk assessment using e.g. the
W.AR. (Wounds at Risk Score) to help you make the right
clinical decision. Among the antiseptic preparations cur-
rently available on the market, octenidine (OCT/PE, 0.1%)
seems to be the most effective and safest, which — unlike
PVP-I — can be used in the treatment of chronic wounds
and ulcers. For cleaning, we recommend OCT-based ir-
rigation fluids, PHMB, or hypochlorite. The maintenance
of the antimicrobial effect during the therapy is ensured
by a compatible dressing that sequesters microorgan-
isms and/or contains an antibacterial substance, e.g.
silver. This review points out that the preparation itself
is not sufficient, and the therapeutic effect depends to
the greatest extent on properly selected causal therapy,
preceded by thorough diagnostics. Moreover, only com-
prehensive and multidirectional therapy can give a last-
ing and long-term effect, prevent recurrence of infections
and, after healing, also relapse of ulcers. These activities
include the healing of the wound bed and its preparation
for the application of the preparation in accordance with
the current TIME strategy, they include: debridement and
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cleaning the wound, ensuring the moisture balance and
stimulation of epithelialization and granulation.
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