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Abstract

The objective of this study was to investigate the safety and performance of
AQUACEL™ Ag+ dressing, a wound dressing containing a combination of anti-biofilm
and antimicrobial agents, in the management of chronic wounds. Patients (n = 42)
with venous leg ulcers exhibiting signs of clinical infection were treated for 4 weeks
with AQUACEL™ Ag+ dressing, followed by management with AQUACEL™ wound
dressings for 4 weeks. Wound progression, wound size, ulcer pain and clinical evo-
lution of the wound were assessed for up to 8 weeks. Adverse events were recorded
throughout the study. AQUACEL™ Ag+ dressing had an acceptable safety profile,
with only one patient discontinuing from the study, because of a non-treatment-related
adverse event. After 8 weeks, substantial wound improvements were observed: 5
patients (11⋅9%) had healed ulcers and 32 patients (76⋅2%) showed improvement in
ulcer condition. The mean ulcer size had reduced by 54⋅5%. Patients reported less
pain as the study progressed. Notable improvements were observed in patients with
ulcers that were considered to require treatment with systemic antibiotics or topical
antimicrobials at baseline (n = 10), with a mean 70⋅2% reduction in wound area. These
data indicate that AQUACEL™ Ag+ dressing has an acceptable safety profile in the
management of venous leg ulcers that may be impeded by biofilm.

Introduction

Venous leg ulcers are chronic wounds associated with recalci-
trance, pain and reduced quality of life for patients, as well as
considerable cost to health care providers (1,2). Such wounds
are often resistant to treatment, and patients can typically
experience ulcer durations of a year or more (3). Chronic
wounds provide an ideal environment for wound microflora,
and bacterial colonisation has been associated with delayed
wound healing (4–6).

The failure of locally infected chronic wounds, and those
at risk of infection, to respond to topical and systemic

Key Messages

• The purpose of this study was to investigate the safety and
performance of a next-generation antimicrobial dress-
ing (AQUACEL™ Ag+) in the management of chronic
venous leg ulcers in 42 patients.
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• The AQUACEL™ Ag+ dressing contains anti-biofilm
and antimicrobial agents that, in combination, disrupt the
biofilm and enhance antimicrobial action against associ-
ated microorganisms.

• Despite the poor condition of most ulcers at baseline,
almost all patients experienced an improvement in wound
condition, including those patients with wounds that were
considered to require the use of systemic antibiotics or
topical antimicrobials. Mean wound size and pain score
decreased during the 8-week study, and patients reported
fewer signs of clinical infection.

• The AQUACEL™ Ag+ dressing has an acceptable safety
profile and provides a promising option for patients with
recalcitrant chronic venous leg ulcers.

antimicrobial treatment is now considered to be associated with
the presence of biofilm, which exists in a majority of chronic
wounds and is associated with impaired wound healing (7–9).
Biofilm is a complex, heterogeneous, polymicrobial commu-
nity residing in a self-produced matrix of polysaccharides, pro-
teins and extracellular DNA, which can provide protection and
increased tolerance to antimicrobial agents such as antibiotics
and antiseptics, as well as the hosts’ immune mechanisms
(8,10,11). The presence of wound biofilm is most commonly
determined by clinical assessment, and the key recognised indi-
cators include wound surface slime or sheen, poor response
to topical and systemic antimicrobial agents, excessive mois-
ture, poor quality granulation tissue and history of persis-
tent/recurring infection (12–14). There is increasing evidence
that non-healing wounds that are susceptible to recurrent infec-
tions and unresponsive to antimicrobial therapies are impeded
because of the biofilm (12,14).

To date, wound dressings designed to facilitate wound
healing by specifically disrupting the biofilm and killing
the associated micro-organisms, to our knowledge have
not been commercially available. AQUACEL™ Ag+ is a
next-generation antimicrobial dressing∗ that has been devel-
oped to maximise the effectiveness of ionic silver against
wound microorganisms in their natural, predominant and pro-
tective biofilm form. In addition to ionic silver, AQUACEL™
Ag+ dressing contains a metal chelating agent and a surfactant.
The metal chelating agent assists the disruption of biofilm and
the subsequent exposure of microorganisms to the action of
ionic silver. The surfactant reduces surface tension and assists
in loosening the biofilm structure. Both agents have been shown
to act synergistically with ionic silver to considerably increase
its antimicrobial activity in an in vitro biofilm model (15). This
synergistic action in AQUACEL™ Ag+ dressing is intended
to promote healing in previously recalcitrant, biofilm-impeded
wounds.

The purpose of this study was to evaluate the safety and
performance of 4 weeks’ use of AQUACEL™ Ag+ dressing
followed by 4 weeks’ use of AQUACEL™ dressing in patients
with venous leg ulcers.

∗The AQUACEL™ Ag+ dressing evaluated did not contain strengthening
yarn, or have the additional absorptive capacity of the AQUACEL™ Ag+
Extra™ dressing.

Methods

This was a pre-market non-comparative controlled study to
assess the safety and performance of AQUACEL Ag+ dress-
ing in the management of chronic venous leg ulcers. The Clin-
ical Investigation Plan and supporting documentation were
reviewed and approved by the appropriate country-specific
ethics committees and appropriate notified bodies. This study
was carried out in accordance with ISO14155:2011 and the
Declaration of Helsinki. All enrolled patients gave informed
consent before any study procedures were performed.

Patients

A total of 42 patients with a venous leg ulcer [CEAP (clin-
ical severity, aetiology, anatomy, pathophysiology) classifica-
tion C6] were recruited. The inclusion criteria were: patients
aged 18 years or over, with an ankle to brachial pressure index
of 0⋅8 or greater and venous leg ulcers of less than 24 months’
duration, area of the leg ulcer between 5 and 40 cm2 and meet-
ing at least three of five pre-defined clinical signs of infec-
tion (pain between two dressing changes, peri-ulcer skin ery-
thema/inflammation, oedema, malodour and heavy exudate).
In addition, the ulcers were categorised at baseline as either
clinically infected (defined as a wound that required the use of
systemic antibiotics or topical antimicrobials) or not clinically
infected (exhibiting some signs and symptoms of clinical infec-
tion, but not requiring antibiotic or topical antimicrobial treat-
ment). Allocation to these two groups was based on the judge-
ment of individual clinicians following consideration of the
wound history and presentation at the time of enrolment, and the
severity associated with each of the clinical signs of infection.
Patients were not administered topical antibiotics or antimicro-
bials during the study. All patients agreed to wear compression
therapy daily in combination with the trial dressing.

Exclusion criteria included a history of skin sensitivity to
any components of the treatment dressings, treatment with
systemic antibiotics or topical antimicrobial agents in the week
prior to inclusion (with the exception of wounds that were
considered to be clinically infected at baseline), malignant
leg ulcers, recent diagnosis of deep vein thrombosis, venous
surgery in the past 3 months, a progressive neoplastic lesion
treated by radiotherapy or chemotherapy or ongoing treatment
with immunosuppressive agents.

Study treatment

Patients who met the selection criteria and gave written
informed consent to participate in the study were managed
with the AQUACEL™ Ag+ dressing for 4 weeks, in line
with standard practice for antimicrobial dressings (16), fol-
lowed by 4 weeks of management with the non-antimicrobial
AQUACEL™ dressing. Dressings were applied to cover the
whole surface of the ulcer, plus at least 1 cm overlap onto
the peri-ulcer skin for the 5 cm× 5 cm dressing or at least
2 cm overlap for larger dressings. The primary dressing was
completely covered by a moisture-retentive secondary dress-
ing appropriate to the clinical condition of the wound and
the volume of exudate. An appropriate compression system
(minimum UK Class 3) was applied. Dressings were changed
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at least once a week by a health care professional. Wounds
were assessed weekly until Week 4 and fortnightly thereafter.
Patients were followed up until complete healing or for a
maximum of 8 weeks until the end of the treatment period.
Adverse events (AEs) were recorded throughout the study and
coded according to the Medical Dictionary for Regulatory
Activities (MedDRA) terms.

Performance evaluations

At each study visit, the condition of the wound and the
peri-ulcer skin was assessed, photographed and traced. The
overall condition of the ulcer was categorised as either healed,
marked improvement, mild improvement, no change, deterio-
ration or marked deterioration. Ulcer pain in the patients was
recorded using the Johns Hopkins visual analogue scale (VAS;
where 0= no pain and 10=worst pain imaginable). Patient
comfort during dressing changes and investigators’ assessment
of dressing performance were also recorded. Changes in perfor-
mance assessments from baseline to final evaluation or through-
out the 8-week study were summarised using descriptive statis-
tics (frequencies and percentages). Comparison of categorical
variables was performed by χ2 test, and continuous variables
were compared by analysis of variance (ANOVA). Data analy-
sis was performed using SAS® version 9.2 (SAS Institute Inc.,
Cary, NC).

Results

Study patients

A total of 42 patients were enrolled at six study centres in
the UK and Poland. Of these, 10 patients had ulcers at base-
line that were considered by a clinician to require the use of
systemic antibiotics or topical antimicrobial agents (clinically
infected). Five ulcers (11⋅9%) healed completely prior to the
end of the study. A further 36 patients completed the full 8-week
study duration. One patient (2⋅4%) discontinued from the study,
because of a serious adverse event (SAE) that was considered
not related to the study treatment (fractured femur). The base-
line demographics of the study population are summarised in
Table 1.

Demographic characteristics were generally comparable
between the patient groups, although the mean age and pro-
portion of female patients were lesser in the clinically infected
group (Table 1). Ulcer recurrence was a common trait in the
population of patients studied, with an overall 54⋅8% of the
reference ulcers having recurred. Notably, for most patients
(60⋅0%) in the clinically infected group, the ulcer was con-
sidered to be deteriorating at baseline, compared to 28⋅1% of
patients in the non-infected group. In both groups, the majority
of ulcers (80⋅0% and 68⋅7% in the clinically infected and
non-infected groups, respectively) were either not progress-
ing or deteriorating at baseline (Table 1). Ulcer durations at
baseline varied between 1 month and 2 years. Median ulcer
durations were 1⋅17 and 0⋅75 years in the clinically infected
and non-infected groups, respectively (Table 1), suggesting
a degree of wound recalcitrance [considered an indicator of
biofilm presence; (12,14)] in both study groups. At baseline,

Table 1 Baseline demographics of the study population

Baseline characteristics by treatment group

Clinically infected
(n=10)

Not clinically
infected (n=32)

Total
(n=42)

Gender, n (%)
Male 6 (60⋅0) 10 (31⋅3) 16 (38⋅1)
Female 4 (40⋅0) 22 (68⋅8) 26 (61⋅9)

Age (years)
Mean±SD 65⋅6±13⋅3 73⋅2±11⋅9 71⋅4±12⋅5
Median 64⋅0 76⋅0 74⋅5
Min, Max 41⋅0, 88⋅0 36⋅0, 92⋅0 36⋅0, 92⋅0

Duration of ulcer (years)
Mean±SD 1⋅11±0⋅86 0⋅83±0⋅53 0⋅91±0⋅65
Median 1⋅17 0⋅75 0⋅75
Min, Max 0⋅08, 2⋅00 0⋅08, 1⋅92 0⋅08, 2⋅00

Ulcer status, n (%)
Recurrent 6 (60⋅0) 17 (53⋅1) 23 (54⋅8)
New 4 (40⋅0) 15 (46⋅9) 19 (45⋅2)
Superficial 0 11 (34⋅4) 11 (26⋅2)
Shallow 8 (80⋅0) 20 (62⋅5) 28 (66⋅7)
Deep 2 (20⋅0) 1 (3⋅1) 3 (7⋅1)

Ulcer condition, n (%)
Improving 2 (20⋅0) 10 (31⋅3) 12 (28⋅6)
No progress 2 (20⋅0) 13 (40⋅6) 15 (35⋅7)
Deteriorating 6 (60⋅0) 9 (28⋅1) 15 (35⋅7)

SD, Standard deviation.

9 patients (90⋅0%) in the clinically infected group and 27
patients (84⋅4%) in the non-infected group were being treated
with compression therapy.

Given the differences in the ulcer condition between patient
groups, and the different approach to antimicrobial treatment
prior to study entry (treatment with systemic antibiotics or
topical antimicrobial agents in the week prior to inclusion was
prohibited in the non-infected group only), performance data
for these patient groups was considered separately.

Safety and tolerability

Overall, the treatment regimen was well tolerated. A total
of 28 patients (66⋅7%) experienced AEs during the use of
AQUACEL™ Ag+ dressing and 17 patients (40⋅5%) expe-
rienced AEs during the use of AQUACEL™ dressing. The
most commonly reported AEs were pain, wound decompo-
sition, venous ulcer pain and bloody discharge, which were
all consistent with the patient population. All reported AEs
of wound decomposition corresponded to an increase in ulcer
size. All AEs considered related to study treatment are pre-
sented in Table 2. Overall, 15 patients (35⋅7%) and 8 patients
(19⋅0%) had AEs that were considered related to AQUACEL™
Ag+ and AQUACEL™ dressings, respectively. The most com-
monly reported related AE was pain, which was experienced
by five (11⋅9%) and two (4⋅8%) patients during the use of
AQUACEL™ Ag+ and AQUACEL™ dressings, respectively.
All other treatment-related AEs were experienced by less than
10% of patients.

Two patients experienced SAEs during the course of the
study. One patient had a fractured femur, which resulted in
treatment discontinuation and withdrawal from the study. The
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Table 2 Adverse events considered related to study treatment

Adverse events, n (%)

MedDRA preferred term
AQUACEL Ag+™

(Weeks 1–4)
AQUACEL™
(Weeks 4–8)

Total patients with an event
considered related to
study treatment

15 8

Pain 5 (11⋅9) 2 (4⋅8)
Wound decomposition 2 (4⋅8) 3 (7⋅1)
Bloody discharge 3 (7⋅1) 0
Skin maceration 3 (7⋅1) 0
Wound complication 2 (4⋅8) 0
Erythema 1 (2⋅4) 1 (2⋅4)
Wound haemorrhage 1 (2⋅4) 1 (2⋅4)
Burning sensation 1 (2⋅4) 0
Eczema 1 (2⋅4) 0
Peripheral oedema 1 (2⋅4) 0
Rash 1 (2⋅4) 0
Skin disorder 1 (2⋅4) 0
Venous ulcer pain 1 (2⋅4) 0
Increased fibrin 0 1 (2⋅4)
Pruritis 0 1 (2⋅4)

MedDRA, Medical Dictionary for Regulatory Activities.

second patient had a fractured right hip. Neither of these SAEs
were considered related to study treatment.

Overall, eight patients (80⋅0%) in the clinically infected
group and five patients (15⋅6%) in the non-infected group
received concomitant antibiotics. All of the eight patients from
the clinically infected group received antibiotics for indica-
tions of wound or ulcer infections. As antibiotic treatment was
permitted in the week prior to enrolment for these patients,
it is likely that this reflects baseline antibiotic usage. All five
patients in the non-infected group who received antibiotics were
prescribed their use as treatment for an AE. Only one of these
patients received treatment for infection of the study wound.

Wound progression

At baseline, 30 patients (71⋅4%) had ulcers that were either
deteriorating or not improving. Overall, by Week 8, complete
healing was observed in 5 of the 41 evaluable patients (12⋅2%),
while 24 patients (58⋅5%) showed marked improvement and
8 patients (19⋅5%) mild improvement in ulcer condition from
baseline. Only one patient showed marked deterioration from
baseline, while another patient showed mild deterioration from
baseline. The remaining two patients who completed the study
had no change in ulcer condition. All 10 patients with clinically
infected ulcers showed some degree of improvement (Figure 1),
one patient (10⋅0%) had a healed ulcer, and 8 patients (80⋅0%)
showed marked improvement in ulcer condition from baseline.

The mean ulcer size decreased in both the clinically infected
group (n= 10; Figure 2A) and the non-infected patient group
(n= 32). Representative images of ulcer area reduction in
patients whose ulcers healed are presented in Figure 2B.
After 8 weeks, the mean reduction in ulcer area for the whole
population was 54⋅5% (standard deviation: 42⋅8%). Although
the mean ulcer area relative to baseline in the 10 patients with
clinically infected ulcers increased at Week 1, all of these

Figure 1 Progression in wound condition from baseline. Overall change
in ulcer condition was assessed from baseline to the end of the study in
patients with clinically infected ulcers (n=10, red bars) or non-infected
ulcers (n= 31, blue bars).

patients experienced a reduction in ulcer area by Week 8.
The mean ulcer area reduction in patients with clinically
infected ulcers was 70⋅2% (standard deviation: 24⋅7%, range:
13⋅6–100%; Figure 2A).

Pain

Patient-reported assessment of pain, based on a VAS where
0= no pain and 10=worst pain imaginable, showed that the
mean level of ulcer pain decreased from 4⋅46 at baseline to 2⋅98
at Week 4 and 1⋅94 at Week 8. In addition, over time, fewer
patients reported moderate or severe pain between dressing
changes compared with baseline [15 patients (36⋅6%) and 9
patients (22⋅5%] at Week 4 and Week 8, respectively, compared
to 27 patients (64⋅3%) at baseline].

Dressing performance

Overall dressing performance with the AQUACEL™ Ag+
dressing was highly favourable for ease of use, conformabil-
ity and the ability of the dressing to remain intact during wear
and on removal.

Discussion

AQUACEL™ Ag+ is a next-generation antimicrobial dressing
that has been designed to maximise antimicrobial effectiveness
by exposing microorganisms existing in their natural, predom-
inant and protected biofilm form to ionic silver. The aim of this
pre market non-comparative study was to provide safety and
performance data to support the use of the dressing in the treat-
ment of chronic venous leg ulcers with clinical signs indicative
of the presence of biofilm. The data presented demonstrate that
the use of AQUACEL™ Ag+ dressing for 4 weeks, followed
by 4 weeks use of AQUACEL™ dressing under standard com-
pression therapy, resulted in improvements in wound charac-
teristics and reduction in wound size and perceived pain. These
improvements were observed in patients with clinically infected
ulcers, as well as in those with ulcers that were not considered to
be clinically infected by the investigating clinician. The safety
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Figure 2 Reduction in ulcer size. (A)
Mean percentage reduction in ulcer area
was measured at each treatment visit
for patients with clinically infected ulcers
(n=10, red line) or non-infected ulcers
(n=32, blue line). (B) Progression of ulcer
area reduction in three patients with
healed ulcers at the end of the study.
Patients gave prior written consent for
photographs to be published.

profile of the new dressing was consistent with that of the stan-
dard AQUACEL™ dressing.

The treatment regimen investigated in this study was
intended to reflect anticipated clinical practice with
AQUACEL™ Ag+ dressing. There are no formal published
guidelines on the duration of antimicrobial dressing use. In a
retrospective analysis of 3084 patients receiving antimicrobial
wound dressings at 26 centres in the USA, the mean dura-
tion of the use of such dressings was 32⋅5 days [median 21

days; (16)]. This practice is reflected in other clinical studies
investigating antimicrobial wound dressings, where patients
were managed with antimicrobial dressings for 4 weeks, fol-
lowed by equivalent non-antimicrobial dressings for a further
4 weeks (17,18). The treatment regimen used in this study
therefore reflects the current clinical practice for antimicrobial
dressings and is consistent with other clinical studies investi-
gating the performance of antimicrobial dressings. Importantly,
improvements observed after 4 weeks of using AQUACEL™
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Ag+ dressing continued during use of the non-antimicrobial
AQUACEL™ dressing. This finding indicates that 4 weeks
use of AQUACEL™ Ag+ dressing is appropriate to promote
healing of venous leg ulcers, as improvements were sustained
even after the dressing was removed.

The AEs reported were consistent with those expected for
the study population. Fewer AEs were reported during the
use of the AQUACEL™ dressing than during the use of
AQUACEL™ Ag+ dressing, which may reflect the wound heal-
ing observed during Weeks 1–4 (Figures 1 and 2). There were
no SAEs considered related to study treatment, and the most
frequently reported AE was pain; eight patients during use of
AQUACEL™ Ag+ dressing and three patients during the use
of AQUACEL™ dressing. Despite the relatively high frequency
of pain reported as an AE, the mean pain score recorded by
the patients decreased during the use of both the AQUACEL™
Ag+ dressing (from 4⋅46 to 2⋅98) and AQUACEL™ dressing
(from 2⋅98 to 1⋅94). In addition, fewer patients reported mod-
erate or severe pain between dressing changes throughout the
study relative to baseline. These data suggest that the treat-
ment regimen used in this study is beneficial in reducing the
pain reported by patients with venous leg ulcers, as well as in
supporting their healing.

The improvements in wound healing reported in this study
are particularly encouraging given the baseline wound char-
acteristics. Mean ulcer duration in all patients was 0⋅91 years,
with only 28⋅6% of the patients’ ulcers improving at baseline
(Table 1). However, by Week 8, five patients had ulcers that
had healed completely, and the majority (86⋅5%) of the remain-
ing patients had ulcers that showed improvement from baseline
and the mean ulcer size had reduced (Figures 1 and 2). Most of
the patients in this study were already receiving compression
therapy at baseline, in line with current evidence-based recom-
mendations for the management of venous leg ulcers (19). The
improvements observed in the patients in this study (most of
whom had non-healing or deteriorating ulcers at baseline) are
therefore likely to reflect the performance of the primary dress-
ings investigated.

The improvements observed in patients with ulcers that were
considered by the clinician to require antibiotic treatment were
particularly notable. The difficulties in developing universal cri-
teria for wound infection are acknowledged, and the presence
or absence of specific signs does not always equate to wound
infection (20,21). There is evidence that traditional signs of
clinical infection are often poor predictors of chronic wound
infection (22). Clinicians’ judgement was therefore used to
assess which patients had clinically infected ulcers that would
require treatment with antibiotics, in line with routine clini-
cal practice (21). At baseline, 60⋅0% of the patients had dete-
riorating ulcers (Table 1). However, all patients with clini-
cally infected ulcers had improvements in wound condition by
Week 8 (Figure 1). Although the design of the study and the
differences in baseline ulcer condition of the two treatment
groups do not allow for comparison of the performance of the
treatment between the groups, the observation that improve-
ments in wound condition and size were greater in patients
with clinically infected ulcers suggest that AQUACEL™ Ag+
dressing could be particularly suitable for these patients. The
treatment of infected/recalcitrant wounds places great demands

on health care resources. In a recent methodology proposed
for evaluating the costs involved in wound care, treatment
costs increased markedly with ulcer severity (23). Thus, the
cost for treating deteriorating or severe ulcers were found
to be between two and six times more per week than that
for an ulcer that was progressing normally towards healing.
Such costs reflected more frequent visits and hospitalisation for
ulcers with severe complications (23). There is a requirement
for dressings such as AQUACEL™ Ag+ dressing, which has
demonstrated synergistic activity against biofilm in vitro (15) to
address the challenging issues leading to recalcitrance in such
wounds.

This study did not directly assess the microbiological char-
acteristics of patient wounds, and the infection status of indi-
vidual wounds was based on the clinician’s assessment. Most
of the wounds included in this study were recalcitrant, demon-
strated signs of local infection and were unresponsive to pre-
vious local treatments, all considered to be characteristics
of biofilm involvement (12,14). Unambiguous identification
of wound biofilm requires specialist microscopy techniques,
which are impractical in the clinical setting (8,9). In clinical
practice, therefore, physician’s assessment of biofilm presence
is usually based on an assessment of several visual and clin-
ical signs (12,14). The population of patients included in this
study, who presented with several signs indicative of biofilm
presence, was therefore appropriate to assess the clinical use of
a next-generation wound dressing designed to have enhanced
activity against wound biofilm.

Limitations

Acknowledging the small sample size in this study, statistical
analysis was limited to frequencies, percentages and standard
deviations, although comparison of categorical variables was
performed by χ2 test, and continuous variables were compared
by analysis of variance (ANOVA). Given both the small sam-
ple size and the non-comparative nature of this study, larger,
randomised controlled clinical studies are warranted to estab-
lish the true performance of AQUACEL™ Ag+ dressing in
promoting healing in previously recalcitrant, biofilm-impeded
wounds.

Conclusions

The data presented in this study indicate that a regimen of
4 weeks use of AQUACEL™ Ag+ dressing followed by 4
weeks use of AQUACEL™ dressing promoted healing in pre-
viously slow-healing, recalcitrant or deteriorating venous leg
ulcers. Substantial improvements were reported in patients with
both infected and non-infected ulcers at baseline. The dressing
demonstrated a satisfactory safety profile with only two patients
experiencing SAEs, neither of which was considered related to
study treatment. No patient experienced a treatment-related AE
that led to withdrawal from the study. AQUACEL™ Ag+ dress-
ing, a wound dressing with demonstrated synergistic efficacy
against biofilm in vitro, provides a promising option for facil-
itating wound healing in patients with potentially recalcitrant,
difficult to treat, chronic venous leg ulcers.
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