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Abstract
Infected wounds are still one of the great challenges in medicine. In the last decade, it has become increasingly clear that
antimicrobial chemotherapy is limited by the spread of antimicrobial resistance. Fortunately, new, highly effective antiseptic substances with a broad antimicrobial spectrum are
available, so local treatment is expected to get increasingly
more important in wound therapy. This paper reviews the
antiseptic agent polihexanide (polyhexamethylene biguanide, PHMB), one of the most promising substances available
today, from a clinical point of view, focusing on efficacy, safety and clinical applications.
Copyright © 2010 S. Karger AG, Basel

Introduction

The topical application of substances on wounds to
prevent or treat putrefaction is as old as medicine. John
Pringle was the first who used the term ‘antiseptic’ for
these substances, and therefore set the definition still
used today. After the great discoveries of Joseph Lister
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and the advances in chemistry, antiseptics became the
standard for treatment of wounds in the late 19th century.
Despite the high toxicity of the substances used at that
time, they did not lose their importance before the development of antibiotics in the middle of the 20th century.
Today, antimicrobial chemotherapy is increasingly complicated by progressive antimicrobial resistance [1]. The
treatment of infected wounds is therefore still one of the
great challenges in medicine. Fortunately, new, highly effective antiseptics are available that lack the drawbacks of
the old ones from the past. Modern antiseptics can therefore be the alternative to antibiotic treatment that is so
much needed, provided that they combine a broad antimicrobial spectrum with low toxicity, high tissue compatibility, low or missing adsorption and good applicability. Current guidelines therefore recommend the application of wound antiseptics as long as an infection is
confined to the wound and has not spread systemically.
Additional antimicrobial chemotherapy should be limited to situations with systemic involvement or cases
where single antiseptic treatment is not expected to be
successful [2].
This paper reviews the antiseptic polihexanide (polyhexamethylene biguanide, PHMB), one of the most
promising substances available today, from a clinical
point of view, focusing on efficacy, safety and clinical applications.
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Actions

Mode of Action
Being a strong base, PHMB interacts with acidic, negatively charged phospholipids in the bacterial membrane,
leading to increased fluidity, permeability and loss of integrity, followed by the death of the organism [3–6]. The
maximum activity occurs at a pH value of between 5 and
6 [7, 8]. PHMB is also transferred to the cytoplasm, where
it leads to disruption of the bacterial metabolism. Neutral
phospholipids on the other hand are little or not affected
by PHMB [9, 10]. This is commonly seen as the main reason for the low toxicity of PHMB against human cells and
its high therapeutic range [11].
Furthermore, presumably as a result of the interaction
with the cell membrane, PHMB blocks microbial attachment to surfaces, as shown for dental plaque and for the
preoperative eye antiseptic [12, 13]. PHMB is able to significantly eliminate artificial plaques of fibrin in vitro
[14], which is of clinical relevance, because plaques can
impair the self-cleansing of the wound. This corresponds
to clinical data [15]. For details see Kaehn [16] in this supplement.
Interactions
PHMB is compatible with acids, quaternary ammonium compounds and neutral detergents but incompatible with anionic detergents, soaps and alkyl sulfates (e.g.
ammonium lauryl sulfate). Strong inorganic bases and
complex phosphates lead to precipitation. PHMB does
not affect stainless steel or anodized aluminium, but copper and some types of rubber are delicate [11]. Ansorg et
al. [17, 18] were able to show that the antibacterial effect
of PHMB is abolished by mucin in concentrations of 0.5
and 1%, which is even lower than the mucin concentrations in healthy nasal secretions. PHMB is completely
neutralized in the presence of chondroitin sulfate [19],
which obstructs the use of polihexanide in situations in
which mucin or chondroitin sulfate load is expected.
Polihexanide has a greater antimicrobial efficacy than
chlorhexidine under both clean and dirty conditions [20].
Its antimicrobial effect is not impaired even with high
18
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loads of blood or albumin, but exceeds the efficacy of
PVP-iodine in situations with high blood load [20, 21].
Most importantly, PHMB was shown to maintain its antibacterial effect in human wound fluid and human tissue [22–24].
Hübner et al. [25] assessed the antimicrobial efficacy
of the combined use of antiseptics and antibiotics in vitro.
This is of particular interest, because the combined use
of local antiseptics and systemic antibiotic therapy is clinical practice. While polihexanide is not adsorbed and
therefore does not interact systemically (see above), antibiotics do reach the wound and can interact locally. Using
microtiter assays, they were able to show that PHMB acted synergistically with commonly used antibiotics, while
chlorhexidine did not [26].
Antimicrobial Efficacy and Resistance
Due to its nonspecific, strong interaction with negatively charged phospholipids, PHMB has a broad antimicrobial spectrum, including Gram-positive and Gramnegative bacteria, plaque-forming and biofilm-building
bacteria, spore-forming bacteria (but not bacterial
spores), intracellular bacteria such as chlamydiae and
mycoplasma, and fungi including Candida spp. as well as
Aspergillus spp. [13, 21, 24, 27–34]. PHMB is able to inactivate HIV-1 [35] and HSV [36] in vitro.
The minimal microbiocidal concentrations of PHMB
are reported as follows: Staphylococcus aureus: 0.1 g/ml,
Bacillus subtilis: 0.5 g/ml, Streptococcus faecalis, Streptococcus lactis, Escherichia coli and Enterobacter cloacae:
5 g/ml, Pseudomonas aeruginosa and Saccharomyces
cerevisiae: 25 g/ml [11]. In 10% fetal bovine serum,
PHMB at a concentration of 100 g/ml was shown to
achieve a 3 log10 reduction of S. aureus and at a concentration of 90 g/ml a similar reduction of E. coli after 30
min contact times in each case [24].
A reduction of 15 log10 after 5 min contact time is
achieved with a concentration of 0.02% (200 g/ml)
against S. aureus, E. coli, E. faecium, P. aeruginosa and C.
albicans under clean and dirty conditions (0.3% blood
and 0.3% albumin load) [24]. Despite the incompatibility
with chondroitin sulfate, a 0.005% (50 g/ml) concentration of PHMB was shown to achieve a 3 log10 reduction
against E. coli and S. aureus in the presence of cartilage
[21].
Furthermore, PHMB was not only shown to completely eliminate elastase-expressing P. aeruginosa that degraded wound fluid proteins as well as human skin during infection ex vivo, but inhibited consequent protein
degradation [22, 23].
Hübner/Kramer
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Only Cosmocil PGTM (Arch Chemicals, UK) corresponds in its specification with the parameters which are
defined in the DAC monograph for PHMB; Vantocil
IBTM, Cosmocil CQTM (both Arch Chemicals) as well as
Lonzabac BGTM (Laboratoire PAREVA, France) correspond only incompletely with the DAC monograph.

Tolerability
PHMB is well tolerated when used topically on skin,
eyes [45], nose, ciliated epithelium [46] and wounds [11].
Allergic Risks
PHMB showed neither sensitizing nor photosensitizing effects in animal tests. In contrast to chlorhexidine
that is regularly reported to lead to late-onset hypersensitivity, eczema and even to severe anaphylactic reactions
[47–50], PHMB seems to carry only a slight allergic risk
and remains an uncommon contact allergen [51–53].
Two cases of a possible anaphylactic reaction to PHMB
without confirmation in the prick test were reported by
Olivieri et al. [54], another case was reported by Ferrarini
et al. [55] and Schnuch et al. [56]. Despite the widespread
use of PHMB as a preservative in cosmetics and personal
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care products, the frequency of sensitization remains low
and no further anaphylactic reactions are reported in the
literature [56]. In an investigation in patients with chronic wounds, no sensitization to PHMB was identified,
whereas the rates of contact sensitization to PVP-iodine
were 20%, to balsam of Peru 15.6%, to fragrance mix
11.1%, to colophony 8.8% and to potassium dichromate
6.7% [57].

Toxicity

Acute Toxicity
PHMB is classified as ‘practically nontoxic’, based on
the low oral toxicity of 5 g/kg in rat [58]. The therapeutic
index of PHMB (200.3), calculated as a quotient of the
LD50 (rat) and the MIC against P. aeruginosa, is more
than 200-fold that of chlorhexidine (0.9) [59].
PHMB was shown to positively affect skin microcirculation [60].
Application of very high doses of PHMB can trigger
fever and a generalized exanthema [61]. The intraperitoneal application of a 0.04% solution of PHMB led to local
vasodilatation and systemic hypotension in mice [62].
The underlying principle assumed by the authors was the
possible promotion of nitric oxide liberation, potassium
channel activation and vasodilation that would result in
hypotension [63].
The minimum concentration for irritation for skin is
reported to be well above 5% (rats) and over 25% for eye
(rabbits) [61]. PHMB is compatible with nasal mucosa at
a concentration of 0.02% [46].
Chronic Toxicity
The NOEL was found to be 200 mg/kg/body weight/
day. Chronic oral intake of 100 mg/kg/body weight/day
was tolerated over 2 years without adverse reactions [64,
65].
Adsorption
No uptake of PHMB from intact skin and wounds
could be proved (detection limit: 10 ppm) [34, 64].
Genotoxicity, Reproductive and Developmental
Toxicity
No indication of any mutagenicity or carcinogenicity
was found in vitro or in vivo [11]. Administration of up to
40 mg/kg/body weight/day (p.o.) was not teratogenic in
mice. Similarly, the administration of up to 8 mg/kg/body
weight/day showed no teratogenicity or embryotoxic efSkin Pharmacol Physiol 2010;23(suppl 1):17–27
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A 0.02% solution of PHMB effectively removed an artificial P. aeruginosa biofilm from plastic slides in a contact time of 60 min in vitro [33]. Compared to Ringer
solution and saline, a surfactant PHMB solution achieved
a significant reduction (p ! 0.001) against a P. aeruginosa
biofilm on silicone after a 24-hour exposure time [37].
This is further supported by results from Pietsch and
Kraft [32]. Similarly, Brex et al. [38] reported data on the
effect of PHMB as a mouth rinse on de novo dental biofilm formation in vivo. Using a double-blind randomized
controlled clinical setting, they compared a PHMB-containing mouth rinse solution (Prontolind쏐) with a 0.2%
chlorhexidine rinse as the positive control and with 0.9%
saline solution (NaCl) as the negative control. While limited by the small number of participants (n = 6 in each
study group), they were able to show that the PHMB formulation showed a similar antibacterial effect and reduction of the de novo biofilm formation in the oral cavity
over a test period of 4 days as chlorhexidine [38].
PHMB is effective against Acanthamoeba keratitis in
concentrations as low as 0.025% (250 g/ml) as single
substance as well as in combination with propamidine
and neomycin [39]. PHMB was found to be cysticidal
against Acanthamoeba at 9.4, 5.6 and 2.4 g/ml after 8,
24 or 48 h contact times, respectively [40]. When used to
combat Acanthamoeba keratitis, the therapist should
keep in mind that some primary resistances of Acanthamoeba to PHMB are reported in the literature [41, 42].
But until now, no bacterial resistances to PHMB have
been reported and are not to be expected due to its nonspecific mode of activity [6].
Because polihexanide binds to cellular surfaces, it also
has a sustained effect over hours [43, 44].

Ecotoxicology
In the OECD closed-bottle test, PHMB is only partly
biodegradable (13.5% in 28 days), but wild-type isolates
of Sphingomonas spp. are able to degrade PHMB. The
LC50 for rainbow trout is 3.2–13 mg/l/96 h [11, 74, 75].
Cytotoxicity and Tissue Toxicity in vitro and ex vivo
In vitro results from cell culture tests and explant tests
show that PHMB has remarkable low cytotoxicity.
20
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The IC50 in FL-cell culture is 30 mg/l, for cress 800
mg/l [59] and for murine fibroblasts after 30 min contact
time with PHMB in 10% fetal bovine serum 136 mg/l
[24].
Kallenberger et al. [76] concluded after performing
extensive tests including explantation test with rat heart
tissue and fetal rat humeri as well as tests on wound
healing in a guinea pig model that PHMB is superior to
PVP-iodine in terms of tissue compatibility but is incompatible with cartilage. Müller and Kramer [78], on
the other hand, did not see toxic effects on cartilage ex
vivo when PHMB was used in concentrations below
0.005%.
PHMB/macrogol solution was found as the agent of
choice, when comparing the tissue compatibility of a
PHMB/macrogol combination with 8 antiseptics (including PVP-iodine and chlorhexidine) and placebo in peritoneal explants and peritoneum in situ in the experimental animal with subsequent extraction and cultivation of
the explants as a model for chronic or deep wounds [78].
These results were just recently confirmed by Hirsch et
al. [79], who found PHMB to be superior to different
PVP-iodine solutions in terms of antimicrobial efficacy
and tolerability. Werthen et al. [23] demonstrated by SEM
analysis that PHMB does not affect connective tissue
components of the dermis, such as collagen fibers and
elastin. In contrast, PHMB has a stimulating effect on the
proliferation of human keratinocytes in concentrations
up to 2 g/ml, but inhibits cell proliferation or is directly
cytotoxic in higher concentrations in vitro [80]. Also,
PHMB inhibits the formation of nitrogen and oxygen
radicals that are known to promote inflammation in vitro [81, 82].
The cytotoxicity and antimicrobial efficacy of PHMB
are greatly influenced by additives that are commonly
used in commercially available solutions containing
PHMB as the active substance to reduce its surface tension [76]. Müller et al. [29], comparing the IC50 for a combination containing PHMB with PEG 4000 (macrogol)
(255 g/ml) and PHMB with undecylenamidopropyl betaine (353 g/ml), found a difference of approximately
28% after 5 min exposure time in each case. Interestingly, this difference was even more pronounced with the
highest tested concentration of 500 g/ml PHMB and the
shortest contact time of 1 min, when the combination
PHMB/macrogol was twice as toxic as the combination
PHMB/betaine, but became smaller with longer contact
times and lower concentrations.

Hübner/Kramer
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fects in rabbits, but the oral administration of a 0.04% solution of PHMB in combination with polyethylene glycol
was embryotoxic at a dose of 32 mg/kg/body weight/day.
Oral administration of 100 mg/kg/body weight/day was
embryotoxic in rats, and intraperitoneal application of 10
mg/kg/body weight/day showed teratogenicity [11, 66].
There is no evidence of relevant adverse effects on the
male or female reproductive organs from chronic carcinogenicity studies, subacute toxicity studies and 2-year
treatment studies with PHMB. Chronic oral toxicity
studies in dogs showed reduced testis weights and testicular tubular degeneration in individual animals at the
highest dose, producing overt signs of toxicity only.
In 2004, the US Environmental Protection Agency
(EPA) reviewed the database on mice, rats and rabbits for
prenatal developmental toxicity as well as reproductive
toxicity of PHMB. No evidence of reproductive and developmental toxicity from any of the publicly available
and well-controlled animal studies submitted for PHMB
to the Agency was described. Nevertheless, the teratogenic effect in rats was mentioned in the patient information
of Lavasept쏐 (see above), but the reliability of the source
could not be confirmed by the EPA [67].
Interestingly, the dose levels for maternal toxicity in
both animal species is lower than or equal to the developmental toxicity, indicating that developmental toxicity at
the high dose of PHMB was related to maternal toxicity.
There was also no concern with regard to developmental
neurotoxicity and no quantitative or qualitative evidence
of increased susceptibility of the fetus following in utero
exposure. Fertility was not obviously affected in rats.
In man, no chronic health effects associated with
PHMB exposure were reported in any of the databases or
in epidemiological studies. There was also no evidence of
an impairment of reproductive and developmental performance in humans. Systemic exposure to PHMB was
considered to be negligible, and the poor bioavailability
of PHMB is well known. These facts and its molecular
weight make transplacental transfer or transfer into milk
very unlikely [68–73].

Relation of Effectiveness and Tissue Compatibility
The biocompatibility index (BI) has been described
and validated from in vitro experiments as a new tool
for predicting the suitability of antiseptic agents: in parallel, the antibacterial activity of the test substance
against S. aureus/E. coli and its cytotoxicity on cultured
murine fibroblasts are measured in the presence of cell
culture medium containing 10% fetal bovine serum
over 30 min at 37 ° C [24]. The BI is defined as the ratio
of the concentration at which 50% of the murine fibroblasts are damaged and the microbicidal effect producing at least 3 log10 (99.9%) reduction. The smaller the BI,
the more inconvenient the antibacterial effect in relation to the cytotoxicity, with a BI !1 indicating a toxicity that exceeds the antiseptic effect. This combined assessment of cellular cytotoxicity and antimicrobial activity has been shown to be a good predictor of the
clinical effect. In this assay, PHMB performs remarkably well (BIS. aureus = 1.36) and is only outclassed by the
commercially available combination of octenidine dihydrochloride/phenoxyethanol (Octenisept쏐, Schülke &
Mayr, Norderstedt, Germany) with a BIS. aureus = 2.11.
Other antiseptics such as chlorhexidine (BI = 0.98) or
PVP-iodine (BI = 0.68), on the other hand, show a much
inferior profile, while silver sulfadiazine was not assessable at all due to its high toxicity but lack of antibacterial effect [11, 24, 29, 77].
This was confirmed in a co-culture of HaCaT keratinocytes and S. aureus, in which 1 g PHMB/ml inhibited
the bacterial growth, whereas the cells were impaired in
their growth [82].
Tissue Compatibility in vivo/Effects on Wound
Healing in Animal Models
Tissue compatibility of PHMB in vivo has been extensively studied in different animal models. One of the first
teams to assess the influence of PHMB on wound healing
in animals was Kallenberger et al. [76]. They compared
wound closure and histological findings in artificial
wounds in guinea pigs after treatment with polihexanide,
PVP-iodine and placebo (Ringer’s solution and dry strap),
respectively. Histomorphometric evaluation revealed
that PHMB in concentrations of 0.02% (in combination
with polyethylene glycol) has a tissue compatibility that
greatly outclasses that of 5% PVP-iodine. Comparison of
wound healing revealed that bactericidal concentrations
of PHMB are significantly superior to PVP-iodine and to
dry strap control treatment.
Review on the Efficacy, Safety and
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Accordingly, a solution containing 0.02% PHMB and
0.001% polyethylene glycol did not lead to irritation in the
in vivo hen’s egg chorioallantoic membrane assay (HETCAM assay) after 5 min exposure time, while a solution
containing 0.04% PHMB and polyethylene glycol led to
slight hyperemia and some hemorrhage, but the single
application of 0.04% PHMB did not [41, 83].
PHMB at concentrations 60.025% shows cytotoxic
effects on peritoneum and signs of systemic toxicity in
guinea pigs [84, 85]. Similarly, treatment with a solution
containing 0.02% PHMB (in combination with polyethylene glycol) led to pronounced chronic and erosive granulating synovialitis, a giant-cell reaction including dystrophic calcifications on cartilage, in chinchilla hybrid
rats [86].
Possibly the most pioneering study on tissue compatibility and wound healing of PHMB in an animal model
in recent years was published by Kramer et al. [87]. They
compared the influence of preparations based on PHMB
and octenidine versus placebo (Ringer’s solution) in experimental superficial aseptic skin wounds (n = 108) in
piglets using a double-blind, randomized, stratified, controlled, parallel-group design and computerized planimetry as well as histopathological methods to compare
wound healing and tissue compatibility. Frankly, no significant histological differences could be verified at any
time between the 3 groups, but wound contraction was
promoted significantly more by polihexanide than by
placebo or octenidine. Consequently, complete wound
closure was achieved significantly earlier using polihexanide than with placebo (22.9 vs. 24.1 days, p ! 0.05).
This was attributed by the authors to the better tolerance
of PHMB, as shown in vitro.

Clinical Applications

Clinical Data
Products that are suitable for eye antiseptics are also
known to be effective and tolerable for wound treatment
without inhibiting the healing process and vice versa.
Therefore, some results regarding eye antisepsis are briefly presented. 0.02% PHMB is effective against Acanthamoeba keratitis as pure active agent [88, 89] as well as in
combination with other substances like propamidine,
hexamidine, or neomycin [90–100]. Therefore, PHMB is
considered to be the first-choice therapy for Acanthamoeba keratitis. Numerous studies proved acanthamoebicidal efficacy and good clinical outcome with prompt
local treatment [39, 40, 88–102]. On the other hand, treatSkin Pharmacol Physiol 2010;23(suppl 1):17–27
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Efficacy

Controlled Studies
Schmit-Neuerburg et al. [106] investigated the effect of
dressings soaked with 0.04% PHMB or Ringer’s solution
and changed once daily on contaminated wounds in a
prospective, controlled, double-blind trial including 85
patients. Treatment with polihexanide resulted in better
wound healing, in significantly faster reduction of Grampositive organisms and showed better tissue compatibility than Ringer’s solution.
The most comprehensive clinical data from a retrospective, multicentre, randomized controlled cohort
study have been published by Roth and colleagues: a total
of 7,862 patients derived from a rural-agricultural setting
with dirty contaminated wounds were randomly assigned to four groups after wound debridement. Patients
in each group received a single wound cleansing using
Ringer’s solution, hydrogen peroxide, polihexanide 0.04%
or PVP-iodine, respectively. The lowest frequency of
postoperative wound infection was observed in patients
where the wound was treated with PHMB after wound
debridement. Odds ratios revealed a 7-fold higher risk of
infection for wounds treated with hydrogen peroxide, a
3.7-fold higher risk for Ringer’s solution and a 3.2-fold
risk for wounds treated with PVP-iodine, compared to
PHMB. These differences in infection rates were significant (p ! 0.001). These findings are consistent with results published earlier [107, 108] and later [109] by the
same group. The authors concluded that PHMB-based
wound antiseptics can be recommended for use for the
management of traumatic contaminated wounds [110].
Andriessen and Eberlein [111] published data from a
retrospective, controlled analysis of the clinical efficacy
of PHMB solution compared to Ringer’s solution or saline in venous leg ulcers. Wounds treated with PHMB
solution healed significantly faster and in more cases (97
vs. 89%, mean time to healing 3.31 vs. 4.42 months, 6
22
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months observation period, Kaplan-Meier mean estimated p ! 0.0001). Moreover, risk of infection has been shown
to be lower in patients treated with PHMB.
Daeschlein et al. [15] compared the outcome of treatment of poorly healing decubitus ulcers with mesh grafts.
Wound beds were divided into 3 areas and pretreated
with either undiluted PVP-iodine solution, 1% silver nitrate solution or 0.04% PHMB solution. After 7 days of
application, the histological results showed deep necrosis
with extended oedema plus fibrin discharge in tissue
samples treated with PVP-iodine solution or silver nitrate, but absence of necrosis or a markedly reduced wall
of necrosis in the deep granulation tissue after treatment
with PHMB in all 4 patients included. Clinically, the area
treated with PHMB showed the best results in terms of
epithelialization. Assured by these results, the authors
extended their study by a second, prospective clinical trial including 14 patients with second-degree burn wounds
that could not be primarily treated with skin grafts due
to inadequate wound bed conditions. Patients underwent
brush debridement in combination with 0.04% PHMB
under general anaesthesia and wounds were covered with
dressings soaked in 0.04% PHMB and changed twice daily. In all patients, wounds epithelialized without any further debridement after an average of 10 days. A remarkable freedom from pain and comfort was reported by the
patients [15].
Valenzuela and Perucho [112] published data from a
randomized, non-blinded, multicentre, clinical trial of
the efficacy of a 0.1% PHMB gel (Prontosan쏐 wound gel)
to control the bacterial burden in chronic wounds. Patients (n = 142) were randomly treated following standard
recommendations (control group) or following standard
recommendations and 0.1% PHMB gel additionally (experimental group). After 2 weeks, lesions in the experimental group improved significantly compared to control in terms of reversal of positive cultures (p = 0.004),
healing process (p = 0.000), surface area (p = 0.013), granulated tissue percentage (p = 0.001), slough in wound
beds (p = 0.002), presence of exudates (p = 0.008), presence of purulent exudate (p = 0.005), condition of surrounding skin (p = 0.021), pain (p = 0.049), erythema in
surrounding skin (p = 0.004), surrounding skin oedema
(p = 0.000), surrounding skin warmth (p = 0.004) and
odour (p = 0.029).
Roth and Kramer [113] reported supportive antiseptic
therapy of chronic ulcus cruris with polihexanide to be
successful: in 259 patients with venous ulcera, the average therapy duration covered 4.2 years (min. 4 months,
max. 63 years) at the time of first consultation of the paHübner/Kramer
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ment failures have been reported, particularly when presentation was late, in cases of deep stromal infection, or in rare cases of primary PHMB resistance of
Acanthamoeba strains [41, 42, 96, 103]. 0.02% polihexanide is also effective against Nocardia asteroides keratitis (MIC 0.01%) [104] and Fusarium keratomycosis in
rabbits [105]. In addition, polihexanide has shown superior efficacy and a sustained effect compared to povidone
iodine when used as preoperative antiseptic for cataract
surgery [12].
Wound Antisepsis. Different authors have published
data on the clinical use of PHMB on wounds either as
case reports or as controlled studies.

Case

Summary

Infected hip
prostheses
[106]

Patients with infected total hip prostheses were
treated with PHMB in addition to debridement
and systemic antibiotic therapy. Success rate
depended on the local and general conditions and
ranged from 100% (4 patients, contaminated
haematoma) and 77% (18 patients, one-stage
exchange of the prosthesis) to 20% (6 patients, soft
tissue revision without removal of the prosthesis).
Treatment with PHMB was reported to be a useful
supplement to thorough surgical revision

Infected hip
prostheses
[107]

Thirty-one patients after two-stage revision hip
surgery for infection without local antibiotics
were monitored clinically and radiologically for
41.3 months. Instead of local antibiotic therapy, a
PHMB solution was used for jet lavage of bone
and to rinse the surrounding soft tissue.
Re-infection rate was 6.3%. In 9 cases,
re-debridements had to be conducted to eradicate
infection, but reconstruction of the hips was
possible without the use of revision implants or
large structured allografts in the majority of cases

Oesophageal A patient with distal oesophageal carcinoma
presented with dysphagia, dyspnoea, tachycardia,
carcinoma
and hypotension. Purulent pericardial and
[108]
bilateral pleural effusions were successfully treated
with antibiotics, repeated pleurocentesis and
pericardial drainage with daily PHMB lavage
MRSA
[109]

The first publication that described the complete
eradication of MRSA after debridement and
application of PHMB gel on the whole
circumference of the lower leg within 2 days

MRSA
[110]

A patient with chronic, exudative, therapyresistant ulcers on both lower limbs. MRSA was
found in bacteriological smears taken from the
ulcers, but no increased inflammation parameters
were found in serological tests. After combined
surgical and proteolytic debridement, once daily a
hydrogel containing 0.1% PHMB (Prontosan,
B. Braun, Germany) was applied. MRSA was
successfully eradicated after 8 days of treatment
and complete healing of the ecthymata was
achieved 9 days later

tients. In 192 patients, before the beginning of treatment,
a surgical intervention had already been accomplished.
Two hundred and ten patients were treated by surgery. All
patients were administered local antisepsis with PHMB
(0.04%)-soaked dressings, partially with previous debridement and following plastic surgery. After 3 days of
Review on the Efficacy, Safety and
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antiseptic therapy, 72 ulcera (30.7%) were bacteriologically negative, after 7 days, 139 (60.1%). At the time of the
check to proof the therapy result, 203 patients (87.8%)
were without recidives. Considering the severity of illness
at the beginning of treatment, this is a remarkable result.
The microbiological findings and the clinical impression
support the assumption that the supportive antiseptic
therapy with PHMB contributed considerably to the
therapy success.
Additional Clinical Data
Being such a widely used antiseptic, numerous case
reports, letters and short articles have been published on
the clinical effect of a variety of formulations containing
PHMB in different settings. Table 1 summarizes some of
those that are of special interest, because they address
problems not yet evaluated in controlled studies.

Discussion

Infected wounds are still one of the great challenges in
medicine. In the last decade, it has become increasingly
clear that antimicrobial chemotherapy is limited by the
spread of antimicrobial resistance. Additionally, intensive use of antibiotics promotes resistance even further.
With the availability of new antiseptic substances with a
broad antimicrobial spectrum, provided in easy-to-use
and well-tolerated formulations, local treatment is expected to become more and more important in wound
therapy.
Polyhexamethylene biguanide, better known as polihexanide or PHMB, is one of the modern antiseptics that
combines a broad antimicrobial spectrum with low toxicity, high tissue compatibility, no reported adsorption and
good applicability as solution, gel, ointment, foam and in
wound dressing. It is actually one of the most promising
antiseptic substances. For over 20 years, it has now been
used in medicine for many indications including not only
the treatment of infected wounds, but Acanthamoeba
keratitis, preservation and disinfection of contact lenses,
decolonization of skin and mucosa, preoperative eye antisepsis and mouth rinses to name only a few.
Today, PHMB is one of the best investigated antiseptic
substances. Its microbicidal effect is based on a strong
interaction with negatively charged phospholipids in the
bacterial membrane (leading to its disruption) and an inhibition of the bacterial cell metabolism. These two independent and non-specific mechanisms make the development of resistance to PHMB highly unlikely. Actually,
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cytotoxicity and antimicrobial efficacy of PHMB are
greatly influenced by additives (intended to reduce the
surface tension), further research should be undertaken
to find the best combination for clinical use. Furthermore, the optimal concentration, combining the best antimicrobial effect with lowest cytotoxicity, is still to be
determined, because the bioavailability in the wound is
different to the situation in vitro. Most interestingly, clinical data from case reports seem to indicate that PHBM
is not as cytotoxic to serous membranes of humans as
data from animal models would suggest. Because to date,
no well-described antiseptic exists to be used on the peritoneum, pleura and pericardium, further investigations
should focus on the question of whether and under what
conditions PHMB would be suitable for this important
application.
Until now, a final evaluation of PHMB and other
wound antiseptics available is not possible, because independent, well-conducted, controlled, multicentre studies
comparing different antiseptics are still not available.
Only such studies, in combination with the clinical experience, would provide the evidence necessary to find the
optimal antiseptic for the individual patient and situation. Until then, the therapeutic decision for wound therapy should be made based on the data available and the
experience of the therapist, and PHMB should in any case
be one of the possible choices.
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no bacterial resistance has been described in vitro or
from clinical or environmental samples.
Unlike other antiseptics, the antimicrobial efficacy of
PHMB is not impaired in human wound fluid, human
tissue or by high loads of blood or albumin. This is of utmost importance for the clinical use, because the antimicrobial effect is not limited in the wound. The presence
of mucin and chondroitin, on the other hand, abolish the
antibacterial effect of PHMB even in low concentrations,
as found in nasal and joint fluid. Despite that, a first pilot
study using only PHBM-based products for MRSA decolonization (including the nares) interestingly had a success rate of 37% after single decolonization for 7 days
[114]. Due to its mode of action, PHMB needs about 5 min
after application for the full antiseptic effect to occur.
Once applied and dispersed in the wound, PHMB binds
to cellular surfaces and possesses a sustained effect for
hours.
In recent years, it has become more and more evident
that microbial biofilms play an important role in many
chronic infections. PHMB blocks the microbial attachment to surfaces and has been shown to effectively remove biofilms in vitro and in vivo.
The most interesting feature of PHMB is its outstanding relation between antimicrobial efficacy and low cytotoxicity and exceptional tissue compatibility that has
been repeatedly described by independent researchers in
vitro, in animal models as well as in controlled clinical
studies and case reports. In low concentrations, PHMB
even seems to be not only non-toxic, but to have a positive
effect on the proliferation of human keratinocytes. This
goes well along with animal studies where complete
wound closure was achieved significantly earlier using
PHMB than placebo and clinical data reporting the same
effect in patients with chronic wounds [106, 111, 112]. Because non-healing chronic wounds were shown to have
a much higher bacterial load with Pseudomonads (not
detectable by cultural methods) compared to healing
wounds, the reversal of protein degradation by PHMB
could be one clue to its positive effects on wound healing
[23, 115].
PHMB is not only well tolerated locally, but has an
LD50 that makes intoxications unlikely and a therapeutic
index that is more than 200-fold that of chlorhexidine
(0.9) [59]. Chronic oral intake over 2 years was also tolerated without any adverse reactions [64, 65]. Finally, unlike its sibling chlorhexidine, PHMB seems to carry only
a negligible allergic risk.
Despite the large amount of data on PHMB available,
some important questions yet have to be answered. As the
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