
The Use of Biatain Ag in Hard-to-Heal Venous Leg Ulcers:
Meta-Analysis of Randomised Controlled Trials
David Leaper1, Christian Münter2, Sylvie Meaume3, Alessandro Scalise4, Nacho Blanes Mompó5, Birte
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Abstract

Background: Venous leg ulcers are common, troublesome, and their failure to heal is often related to a heavy bio-burden.
Ionized silver has both anti-inflammatory and antimicrobial properties. The ulcer healing properties of the silver releasing
foam dressing Biatain Ag has been examined in 4 randomized controlled trials (RCTs).

Aim: To evaluate ulcer healing through a meta-analytic approach after treatment with either Biatain Ag or a non-active
dressing.

Patients and Methods: 685 subjects with pure or mixed hard-to-heal venous leg ulcers were included in the meta-analysis.

Results: Biatain Ag showed a significant treatment effect (p,0.0001), responder rate (p,0.001), and healing rate (p = 0.002).

Conclusion: The meta-analysis of the 4 RCTs provided statistical significant evidence to support the use of Biatain Ag
dressing in treatment of hard-to-heal venous leg ulcers.
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Introduction

Chronic venous leg ulcers affect 1–3% of the adult population

and account for the majority of lower extremity ulceration [1] and

several studies have shown that more than 50% of leg ulcers have

not healed after a year [2–4]. These ulcers may be delayed in

having early appropriate treatment and may become recalcitrant

to healing; they cause pain and suffering to patients, which impacts

on their quality of life; and represent a significant financial burden

on health systems.

Non-healing ulcers may express an inappropriate and excessive

inflammatory phase of healing, usually related to a heavy or

increasing bioburden of colonizing micro-organisms which stalls

the healing process [5;6]. Antiseptics have been used in wound

management in several forms for millennia. This has included the

use of silver and more recently iodine, in its various forms,

chlorhexidine and polyhexamethylene biguanide (PHMB) [7–12].

Antiseptic, including topical antimicrobials, can be toxic to healing

tissue which has been shown in extensive experimental studies

[13;14]. However the mode of action of antiseptics is different to

that of antibiotics, being through multiple sites of cellular toxicity

rather than through specific molecular action, hence the risk of

developing resistance through their use is hypothetical. Judicious

use of topical antiseptics reduces bio-burden in non-healing

wounds and can prevent progression to systemic infection and

the need for systemic antibiotics, with their added risk of

antimicrobial resistance [11;15].

Silver has been used as an antimicrobial for centuries in many

formulations [13]. Ionised silver (Ag+) has both anti-inflammatory

and antimicrobial properties, with a broad spectrum of antimi-

crobial action with no clinical reports of inducing resistant

organisms which are human pathogens [11;16–21]. Ionic silver

appears to be incorporated into the bacterial cell wall and bacterial

DNA, thereby blocking vital metabolic processes and cell

proliferation [18;22]. Several studies have investigated the effect

and safety of silver in the treatment of venous leg ulcers [23–29].

Two systematic reviews [14;30] have not been supportive of the

use of silver-impregnated dressings to control bioburden and

improve chronic leg ulcer healing rates, however more recent

systematic reviews and meta-analyses have found that silver

dressings significantly reduce odour, improve pain-related symp-

toms, decrease wound exudate, and have a prolonged dressing

wear time compared with alternative wound treatments [31;32].

Furthermore, an improved quality of life with no associated severe
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adverse events with use of the dressings was found in the latter

meta-analysis. Although one systematic review, using meta-

analysis with the end point of complete wound healing, judged

that the evidence was inconsistent regarding the effects of silver-

based dressings and topical agents on leg ulcer healing [33] two

other meta-analyses came to the opposite conclusion, asserting

that silver dressings were effective in promoting the wound healing

process, and strengthened the proposition that silver-impregnated

dressings can improve the short term healing of wounds and ulcers

[32;34]. The inconsistent conclusions may partly be due to

different silver-releasing profiles of the investigated dressings;

hence evaluating one specific silver-releasing dressing may reveal a

more accurate result.

Biatain Ag is a soft absorbent polyurethane foam dressing which

contains silver ions as an integral part of its matrix. In the presence

of wound exudates ionic silver is released to the wound bed. The

performance of Biatain Ag has been evaluated in several RCTs

which measured the reduction of the area of hard-to-heal venous

leg ulcers, as an end point, when compared with non silver-

containing comparators [24;27;35;36]. The objective of this new

meta-analysis of these RCTs was to examine the effect of Biatain

Ag dressings in the management of hard-to-heal venous leg ulcers.

Methods

Data Sources
Pubmed and the Cochrane Library were searched using the

term ‘Biatain Ag’ or ‘Biatain Argent’ or ‘Biatain Plata’ or

‘Contreet’ without date restriction (Figure 1). An ‘in-house’

literature and knowledge’ database was also searched in using

the same terms. For the present meta-analysis it was decided to

include only data from RCTs. Of the studies found in which

Biatain Ag dressings were used for the treatment of chronic leg

ulcers; only four were RCTs [24;27;35;36]. In two of the RCTs

[24;27] the dressing was ContreetH (a previous version of Biatain

Ag with identical silver content and release), and in the two

remaining studies the dressing was Biatain Ag, which is the

currently used name for the product. None of the included data

sets were overlapping.

The types of chronic leg ulcers, comparator dressings and

methods used for ulcer area measurement are shown in Table 1.

All subjects had leg ulcers that exhibited delayed healing (defined

Figure 1. Flow chart of literature search.
doi:10.1371/journal.pone.0067083.g001
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as clinical signs of infection (exudates, pain, discoloration, odor)

and/or less than 20% ulcer size reduction over 4 weeks). However

the study by Münter et al. [27] differed from the three other

studies in a number of ways: the types of wound aetiologies

included burns, post-operative wounds, leg ulcers, pressure ulcers,

diabetic foot ulcers and other wound types; furthermore, the

treatment chosen for the comparator group was ‘local practice’,

and included other active dressings; and finally, the measurement

of ulcer sizes was based on one axis measurement only. In the

meta-analysis it was decided, for these reasons, to exclude patients

from the comparator group who had been treated with active

dressings or gauze, and include only venous or mixed-aetiology leg

ulcers in the data set. The axis-based measurement of ulcer areas

was assumed not to be critical for the meta-analysis as the primary

outcome was based on relative reduction only. Compression was

part of the treatment in both treatment groups in all 4 RCTs. An

overview of the subjects included in the analysis and their baseline

characteristics are shown in Table 2.

The remaining products were considered sufficiently homoge-

neous to be used as a single class of comparators in the control arm

Table 1.

Meta-analysis (Statistical Pooling) and Statistical Methods
The baseline characteristics and measurement of ulcer area, at

four weeks, were available in all included data sets and were

selected as primary evaluation points in the meta-analysis. The

meta-analysis was carried out on the 4 RCTs with the following

outcomes:

(i) relative reduction of ulcer area over 4 weeks

(ii) response rate; defined as the proportion of subjects with a

relative ulcer area reduction of $40% at 4 weeks (indicative

of a favorable healing prognosis [37])

(iii) complete healing (healers), defined as the proportion of

subjects with a healed ulcer at 4 weeks.

The patients’ demographics and baseline characteristics were

summarized by treatment group using descriptive statistics.

Baseline differences between studies were evaluated using

Wilcoxon and Fishers exact test. The relative reduction of ulcer

area over 4 weeks was analyzed by an ANCOVA model with

baseline area and age as fixed effects, as these parameters were

available for all studies. Responders and healers were analyzed by

logistic regression. Treatment effects and the difference between

these were estimated by the least-square means (LSMeans)

extracted from the model, including confidence intervals and p-

values for the treatment effect differences. The level for acceptance

of statistical significance was set at 5%. Withdrawals were not

excluded, provided that they had a statistically significant p-value

(,0.05) of the ulcer area at baseline and at week 4. The use of last

observation carried forward (LOCF; European Medicines Agency

guideline, 2009), to impute missing values, was restricted to a few

cases where an ulcer area at week 4 was missing while an area at

week 3 was present. Analyses were performed using the SAS

version 9.2 statistical package and the PRISMA guideline [38] was

followed for the analyses.

Sensitivity Analysis
A sensitivity analysis was conducted to evaluate the robustness

of the results when the weight of the RCT data from Münter et al.

[27] were downgraded by roughly 40, 60, 80, and 100%,

corresponding to the sample sizes of the RCTs by Senet el al.

[36] (N = 181), Jørgensen et al. [24] (N = 129), Humbert et al. [35]

(N = 60) and finally no weight at all (N = 0).

Ethic Statement
No ethic approval was obtained for the study as the analyses

were conducted on already published data sets.

Results

The total number of subjects in the combined four RCTs was

1055. However, 370 subjects were excluded from the analysis

because they had ulcer types other than chronic venous/mixed-

aetiology leg ulcers, or if they had been treated with an active

comparator or gauze. The mean age within the four studies was

72.8 years and the average ulcer area in three of the four studies

was in the range of 10–15 cm2, whereas it was 38 cm2 in the fourth

study. The relative reduction of ulcer area at week 4 is shown

study-wise and for the whole data set in Table 3.

The treatment effects and the differences between these was

estimated by least square means (LSMeans) extracted from the

ANCOVA model, including confidence intervals and p-values for

the treatment effect differences. The results are depicted in a

Forest plot in Figure 2 and listed in.

Table 4. The relative reductions are markedly lower overall in

the study published by Humbert [35] and neither this, nor the

study by Jørgensen et al. [24], showed statistically significant

treatment effects. The study by Senet et al. [36] showed a

significant treatment difference in favour of Biatain Ag (p = 0.043).

The combined results are clearly influenced by the Münter et al.

study [27]. However, it should be noted that the estimated

treatment differences point in the same direction and are within

the range of 15–25%. This latter study [27] was downgraded to

assess the sensitivity of the meta-analysis to the presence of this

dominant study (Table 5). From 0 to 100% exclusion of the study

Table 1. Data sources considered for inclusion in the meta-analysis.

Studies1 Ulcer types2 Comparator Ulcer area measurements

Jørgensen et al. (2005) Venous/arterial ulcers Foam dressing (Allevyn) Planimetry only

Münter et al. (2006) Venous, mixed, arterial, diabetic and
pressure ulcers

Local best practice3 Axis based

Humbert et al. (2006) Venous, mixed Calcium alginate dressing (Algosteril) Planimetry and axis based

Senet et al. (2013) Venous Foam dressing (Biatain) Planimetry and axis based

1All studies were multinational except Humbert et al. which was a French study. 2Only subjects with venous or mixed ulcer aetiologies were selected for the meta-
analysis.3Local Best Practice included foams/alginates (53%), hydrocolloids (12%), gauze (3%), silver dressings (17%), other microbial dressings (9%) and other active
dressings (6%).
doi:10.1371/journal.pone.0067083.t001
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the effect of Biatain Ag was lowered from a 17 percent point

relative reduction in ulcer area at week 4 (p,0.0001) to an 11

percent point. Nevertheless, the relative reduction in ulcer area

was still significantly higher (p = 0.01) in the Biatain Ag group after

100% exclusion of this study [27].

The proportion of responders (patients with a relative reduction

in ulcer area $40%) was 52% in the Biatain Ag group and 37% in

the comparator group; with a significant treatment effect in favor

of Biatain Ag (p,0.001). The fraction of ulcers healed was also

significant higher for subjects treated with Biatain Ag (12%)

compared with the comparator group (6%; p,0.002).

Discussion

Antiseptics have been judged, mainly from experimental studies,

as being toxic to healing tissues in chronic open wounds healing by

secondary intention, unless used in dilute forms. However, there is

little clinical evidence to support this. It is critical that use of these

antiseptics, as topical antimicrobials, is not confused with the use

of topical disinfectants which have been shown to be more

cytotoxic in experimental studies, although some clinicians

anecdotally argue that their use in undiluted forms allows efficient

wound bed preparation of colonized wounds prior to skin grafting

[7–12].

The rise of antibiotic resistant organisms, meticillin-resistant

staphylococci in particular, together with the acute decline of new

antibiotic research and introduction, is another major reason to

revisit the use of topical antiseptics, which includes the use of silver

dressings [39]. In addition to controlling the progression of

colonisation, through reduction of bioburden, antiseptic dressings

can reduce the risk of biofilm formation; aid in debridement;

prepare the wound bed prior to healing; and act in infection

prevention and control [40]. A further development, of increasing

concern, is a theoretical concept that antiseptics may lead to the

development of widespread antimicrobial resistance of human

pathogenic organisms, not only to antiseptics but also to

antibiotics. No such resistance in human pathogens has been seen

in two millennia of silver use, and there is little evidence to support

this hypothetical risk [16;17;19;20].

A further block to the use of antiseptic dressings has been their

perceived cost, particularly those containing silver or presentations

in complex dressings. Procurement managers are always ready to

quote the findings of meta-analyses which are used to give ‘‘gold

standard’’ of evidence based medicine. The Cochrane Collabora-

tion has made several analyses of wound healing methodologies

which have shown little or no evidence on level 1A for the use of

different types of products and procedures [40–44]. This makes it

problematic to organize a treatment plan and to produce

guidelines for practitioners. The VULCAN study examined the

role of several silver dressings in clean, healing venous ulcers; this

was inappropriate and included no microbiology [40;41;45].

Antimicrobial silver dressings are an established, effective element

of wound care which cannot be ignored.

Biatain Ag is a dressing which has the dual action of being a

foam, which can handle exudate, and containing silver, as an

antimicrobial. The efficacy and safety of Biatain Ag have been

evaluated in four independent RCTs [24;27;35;36] of various size,

each showing varying degree of efficacy. In the present study a

meta-analysis was conducted on the combined data set from the

four studies revealing a superior performance of Biatain Ag with a

significant treatment effect (p,0.0001). A significantly better

performance using Biatain Ag dressings was also seen in terms of

the responder rate (p,0.001) and healing rate (p = 0.002).T
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Limitations of the study: Wound care is not standardized or

consistent in clinical practice where regional and national

differences obviously exist. The study design of the four included

RCTs also differed as well as the study population. The analysis of

baseline parameters showed that ulcer size and age varied between

studies [27;35]. The outcome of the meta-analysis was limited to

those parameters available for all four trials; e.g. the analysis was

limited to 4 weeks follow-up period even though two of the RCTs

included data for a 6-weeks follow-up period. The results of the

meta-analysis are consistent although the relatively large number

of patients included in the study by Münter et al. [27] influence

the degree of significance which was corroborated by the

sensitivity analysis.

In the RCTs considered in this meta-analysis of the Biatain Ag

dressing the pooled estimate gives a significant statistical evidence

to support its use as an antimicrobial dressing in the treatment of

hard-to-heal venous leg ulcers.

Figure 2. Forest plot showing the estimated treatment differences defined by percentage relative reduction. The solid vertical line
represents a treatment difference of zero. The confidence intervals (95%) are illustrated by the length of the horizontal lines. The sizes of the filled
circles are adjusted to the size of the corresponding study.
doi:10.1371/journal.pone.0067083.g002

Table 4. Total and study wise treatment effects.

Studies Control Experimental Treatment diff. CI p-value

n LSMeans n LSMeans

Jørgensen et al. (2005) 61 34.16 64 44.61 10.45 [23.07; 23.96] 0.1285

Münter et al. (2006) 115 27.15 200 53.54 26.39 [15.70; 37.08] ,0.0001

Humbert et al. (2006) 30 11.24 28 26.03 14.79 [29.55; 39.13] 0.2283

Senet et al. (2013) 84 29.27 77 40.92 11.65 [0.38; 22.92] 0.0428

All 290 25.46 369 42.78 17.31 [10.90; 23.73] ,0.0001

Treatment effects are estimated by least square means (extracted from the ANCOVA model) with confidence intervals and p-values for each study and the whole data
set.
doi:10.1371/journal.pone.0067083.t004

Table 3. Percent relative reduction of ulcer area at week 4 for
each study and the whole data set.

Studies
Comparator
(SD)

Experimental
(SD) All (SD)

Jørgensen et al.
(2005)

30.9 (41.5) 39.9 (37.7) 35.5 (39.7)

Münter et al. (2006) 26.6 (50.7) 49.8 (36.2) 41.3 (43.5)

Humbert et al.
(2006)

12.9 (48.7) 29.8 (38.7) 21.1 (44.6)

Senet et al. (2013) 27.5 (37.0) 35.4 (35.2) 31.3 (36.3)

All 26.3 (45.0) 43.5 (37.0) 36.0 (41.6)

doi:10.1371/journal.pone.0067083.t003
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