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Abstract

Background: Hard-to-heal wounds are often compromised by the presence of biofilm. This presents

an infection risk, yet traditional antimicrobial wound care products and systemic antibiotics are

often used despite the uncertainty of therapeutic success and wound progression. The aim of this

study was to investigate the clinical impact of a next-generation anti-biofilm Hydrofiber wound

dressing (AQUACEL Ag+ Extra[AQAg+ E]) in hard-to-heal wounds that had previously been treated

unsuccessfully with traditional silver-, iodine- or polyhexamethylene biguanide (PHMB)-containing

dressings and products and/or systemic antibiotics.

Methods: Clinical case study evaluations of the anti-biofilm dressing were conducted, where

deteriorating or stagnant wounds were selected by clinicians and primary dressings were replaced

by the anti-biofilm dressing for up to 4 weeks, or as deemed clinically appropriate, with monitoring

via case report forms. The data was stratified for cases where traditional silver-, iodine- or PHMB-

containing products, or systemic antibiotics, had been used prior to the introduction of the anti-

biofilm dressing.

Results: Sixty-five cases were identified for inclusion, wounds ranging in duration from 1 week

to 20 years (median: 12 months). In 47 (72%) cases the wounds were stagnant, while 15 (23%)

were deteriorating; 3 wounds were not recorded. After an average of 4.2 weeks of management

with the anti-biofilm dressing (range: 1–11 weeks), in 11 (17%) cases the wounds had healed (i.e.

complete wound closure), 40 (62%) wounds improved, 9 (14%) wounds remained the same and 5

(8%) wounds deteriorated.

Conclusions: The introduction of this anti-biofilm dressing into protocols of care that had previously

involved wound management with traditional antimicrobial products and/or antibiotics was shown

to facilitate improvements in the healing status of most of these hard-to-heal wounds. Dressings

containing proven anti-biofilm technology, in combination with antimicrobial silver and exudate

management technology, appear to be an effective alternative to traditional antimicrobial products

and antibiotics in the cases presented here. The use of antimicrobial wound dressings that contain

anti-biofilm technology may have a key role to play in more effective wound management and

antibiotic stewardship.
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Background

Infection status in chronic, hard-to-heal wounds is often
uncertain, even to experienced wound care practitioners.
A growing body of evidence shows that wounds that are
not healing as expected, despite receiving an optimal stan-
dard of care (e.g. compression, offloading, moisture manage-
ment), are compromised by biofilm [1–4]. However, treat-
ment strategies are highly variable due to the uncertainty of
infection [5] or biofilm status [6], and this often prompts the
administration of systemic antibiotics as cover for a possi-
ble evolving wound infection. This is a common approach,
despite uncertain therapeutic success [7] when considering the
generally narrow spectrum of activity of antibiotics within a
complex and diverse microflora [8], presence of biofilm and
in cases with inadequate tissue perfusion [9–10]. Additionally,
the presence of complex multi-species wound biofilm pro-
vides an optimal environment for exacerbation of antibiotic
resistance [11]. Consequently, the likely success of systemic
antibiotics in the treatment of hard-to-heal wounds should
be carefully considered [12].

Treatment strategies for such wounds should undoubtedly
include wound debridement and cleansing to remove
unwanted materials (slough, necrosis, biofilm) prior to
antimicrobial therapy [13]. Appropriate antiseptic dressings
have advantages over antibiotics in that they provide broader-
spectrum activity; the antimicrobial agent is active only in
the local wound environment [14] and the probability of
microbial resistance developing is significantly lower [15].
Consequently, antiseptic dressings should be considered
as a first-line approach to wound infection management
within standard care in the absence of clinical signs of
spreading infection. Addressing overuse of antibiotics
in wound management is imperative [14], and use of
appropriate antiseptic dressings is an important consideration
in antibiotic stewardship initiatives.

A next-generation anti-biofilm dressing (AQUACEL Ag+
Extra[AQAg+ E]) has been introduced, which incorporates
metal-chelating and surfactant components, in an established
ionic silver-containing carboxymethylcellulose (Hydrofiber)
dressing [16]. The metal chelator and surfactant have
demonstrated synergy with the ionic silver, resulting in
disruption of biofilm structure to enable ionic silver to access
and kill microorganisms within the biofilm structure [16]. A
real-world clinical evaluation of AQAg+E in the management
of stalled or deteriorating wounds was previously conducted
[17], where various wound management methodologies
and devices, including some instances of systemic and
topical antimicrobial treatments, prior to introduction of
AQAg+E had been recorded. In the current evaluation,
data on those wounds previously managed with the most
commonly-used topical antiseptic treatments, and/or systemic
antibiotics, was specifically re-evaluated in more detail to
better understand the success of different antimicrobial
treatment strategies in the management of hard-to-heal
wounds.

Methods

Safety and effectiveness clinical evaluations of AQAg+E have
previously been conducted in the United Kingdom and Ire-
land [17]. Deteriorating or stagnant wounds being managed
with standard care protocols (e.g. compression or offloading
according to wound etiology, moisture management require-
ments and infection risk) had been selected by clinicians,
and only the primary dressing was replaced by AQAg+E
for up to 4 weeks, or as deemed clinically appropriate.
Patient and wound baseline and outcome data, including
prior antimicrobial management strategies, were captured
using detailed case report forms, as detailed previously [17].
In the present evaluation, these forms were subsequently
further analysed for cases where traditional silver-, iodine- or
polyhexamethylene biguanide (PHMB)-containing products,
or systemic antibiotics, were used prior to the introduction of
AQAg+E into otherwise standard care protocols.

Cohort baseline patient and wound data was recorded,
along with clinical signs of infection, and the suspicion of
wound biofilm, based on visual signs and non-visual or
indirect indicators [18–19].

Wound outcomes were defined as wound deterioration,
stagnation, improvement (clinician’s subjective opinion) or
healing (defined as full re-epithelialisation with no volume).
Wound exudate levels, wound bed appearance, in terms
of approximate tissue type coverage, and skin health were
recorded.

Results

Baseline

Patient and wound baseline data for the 65 cases included
in this evaluation is shown in Table 1. The most frequently
adopted antimicrobial wound management strategies before
the introduction of AQAg+E were single-mode approaches:
standard silver dressings alone (26%), followed by iodine
dressings alone (23%), antibiotics alone (12%) and then
PHMB products alone (11%). Combinations thereof were
also observed, the most frequent being silver dressings with
antibiotics (9%) and silver dressings with PHMB products
(6%). The 65 wounds ranged in duration from 1 week to
20 years (median: 12 months). In 47 (72%) cases, the wounds
were stagnant, while 15 (23%) were deteriorating; 3 wounds
were not recorded.

The most frequently reported clinical sign associated with
wound infection was biofilm suspicion (Fig 1) (n = 37; 57%
of cases), based on visual and indirect indicators of biofilm
[18–19].

Outcomes

After an average of 4.2 weeks of wound management with
AQAg+E (range: 1–11 weeks), in 11 (17%) cases the wounds
had healed (full re-epithelialisation with no volume), 40
(62%) wounds improved, 9 (14%) wounds remained the
same and 5 (8%) wounds deteriorated (Fig 2). It should be
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Table 1. Patient and wound baseline data for patients with wounds previously being managed with protocols including silver-, iodine-, or

polyhexamethylene biguanide-containing wound dressings or products, and/or systemic antibiotics

Characteristic Number

Number of patients with wounds 65
Patient sex (F/M) 35/30
Patient age (years) Mean 69(Range 18–90); Median 74
Wound durations (months) Mean 32(Range 0.25–240); Median 12 (7 not recorded)
Wound status 47 stagnant; 15 deteriorating (3 not recorded)
Wound infection status 18 infected; 29 not infected (18 not recorded)
Wound types

Venous 17
Mixed 10
Pressure ulcer 6
Arterial 5
Lymphovenous 3
Leg ulcer 3
Surgical/post-op 3
Diabetic foot ulcer 2
Cyst 2
Graft 2
Varicose eczema 1
Trauma 1
Pilonidal sinus 1
Scalp 1
Pilonidal sinus excision 1
Donor site 1
Amputation 1
Not recorded 5

Wound locations
Leg 38
Foot 11
Abdomen 2
Ankle 1
Axilla 1
Buttock cleft 1
Hip 1
Leg & abdomen 1
Malleolus 1
Pilonidal sinus 1
Sacrum 1
Scalp 1
Sternum 1
Thigh 1
Toe/amputation 1
Not recorded 2

Previous antimicrobial type used
Standard silver dressings 17
Iodine dressings 15
PHMB products 7
Silver & iodine dressings 2
Silver, iodine & PHMB products 1
Silver & PHMB products 4
Iodine & PHMB products 2
Systemic antibiotics 8
Silver dressings & antibiotics 6
Iodine dressings & antibiotics 1
PHMB dressings & antibiotics 1
Silver, PHMB dressings & antibiotics 1

Frequency of dressing change
Daily 10
Every 2 days 13
Twice weekly 1
Every 3 days 22
Every 4 days 5
Weekly 4
Not recorded 10

PHMB polyhexamethylene biguanide, F female, M male.
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Figure 1. Frequency with which clinical signs associated with wound infection were reported (n = 65)

noted that in 2 of the wounds that healed, and in one that
improved, antibiotics were continued concurrently following
the introduction of AQAg+E.

Each of the 5 wounds that were classed as deteriorating
at the end of the AQAg+E evaluation period had previ-
ously been managed unsuccessfully with 2 different types of
antimicrobial agent: silver dressings had been combined with
topical steroid/antibiotic cream (2 wounds on same patient
with lymphovenous foot and leg ulcers, who was eventually
prescribed systemic antibiotics), systemic antibiotics (an axil-
lary cyst and a varicose eczema leg wound) or PHMB gel (an
arterial leg ulcer). These complex wounds ranged in duration
from 10 to 84 months, and 4 displayed 3–5 clinical signs of
infection.

Wound outcomes prior to, and after introduction of
AQAg+E, analysed by prior antimicrobial therapy are shown
in Fig 3. This shows that wounds statuses before the switch to
AQAg+E were generally stagnant or deteriorating, irrespec-
tive of antimicrobial therapy. Following the introduction of
AQAg+E, the wounds with the highest full healing response
were those managed previously with antibiotics, where 29%
(n = 5) of wounds went on to fully heal after AQAg+E
introduction (one of these patients remained on antibiotics
concurrently with AQAg+E), compared to, for example,
6% (n = 2) of those wounds previously managed with silver
dressings.

Exudate levels of wounds being managed prior to the
introduction of AQAg+E were mainly moderate (52%;
n = 24) or high (37%; n = 34) (Fig 4), which changed to
mainly low (31%; n = 20) or moderate (43%; n = 28)
following the introduction of AQAg+E. Only 9% (n = 6)

of wounds had high levels of exudate after the switch, while
the 11 healed wounds produced no exudate.

Approximate wound bed tissue classifications before the
introduction of AQAg+E were mainly 49% suspected biofilm
[18–19] and 42% suspected slough (Fig 5). Following the
introduction of AQAg+E, this changed to mainly 63% granu-
lation tissue. The total ‘unwanted’ wound bed tissues (necro-
sis, slough, biofilm) reduced from 92% to 40% following the
introduction of AQAg+E, while the total ‘healthy’ wound bed
tissues (granulation and epithelial tissue) increased from 33%
to 67%.

Table 2 shows that the peri-wound skin health which was
largely dry/eczematous (44% of those recorded) or macerated
(24%) before the introduction of AQAg+E, and was mainly
improved (67% of those recorded) following the switch to
AQAg+E.

Discussion

Chronic and acute wounds impeded by microbial biofilm
present a significant challenge to the effectiveness of both
topical antiseptics and systemic antibiotics, and hence wound
progression. Biofilm-based wound care involving multimodal
approaches to controlling wound debridement (e.g. sharp or
soft debridement, cleansing and topical antimicrobial agents)
is increasingly acknowledged as an important strategy in
the management of hard-to-heal wounds [20–21]. Although
the requirement for combination anti-biofilm/antimicrobial
technologies has been acknowledged [11], few are currently
designed and available to break down biofilm and maximise
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Figure 2. Wound statuses before and after the introduction of AQUACEL Ag+ Extra (AQAg+ E) dressing (n = 65). Open box not recorded, † 1 patient remained

on systemic antibiotics concurrently with AQAg+ E, †† 2 patients remained on systemic antibiotics concurrently with AQAg+ E

the effectiveness of topical antiseptics (and, potentially, sys-
temic antibiotics).

AQAg+E is a novel dressing technology that has been
designed specifically for this purpose [16]. The synergistic
combination of a metal chelator, surfactant and antimicrobial
agent has been demonstrated in vitro [16,22–24] and in vivo
[25] to combat biofilm and facilitate wound healing [26]. The
current analysis was undertaken to review the effectiveness of
systemic antibiotics and topical antimicrobial agents within
protocols used to manage hard-to-heal wounds, and then to
compare this with outcomes in the same group of wounds
when primary dressings were replaced with AQAg+E. Con-
sidering that all of the wounds analysed were either deteri-
orating or stalled, the use of systemic antibiotics and silver-,
iodine- and PHMB-containing products clearly had minimal
impact on wound progression. This perhaps emphasises the
likely involvement of biofilm in these hard-to-heal wounds,
and its tolerance to standard antimicrobial therapies.

When AQAg+E, a dressing designed to combat wound
biofilm, was introduced into management protocols, 79% of
the wounds either healed completely (fully re-epithelialised)
or improved. Although we do not have direct evidence for the
mode of action of the dressing in these cases, the significant
improvement in wound progression leads us to hypothesise
that the anti-biofilm technology of the dressing was effective
in disrupting wound biofilm and enabling the antimicrobial
silver component of the dressing to work more effectively,
where, previously, standard antimicrobial agents had been

less effective, as has been observed in vitro [16,22–24] and
in vivo [25]. Despite the reported anti-biofilm effectiveness of
some silver-, iodine- and PHMB-containing products in vitro
[27–29], in vivo [30–32] and in clinical studies [33–34], in
the cases presented in this study, such standard antimicrobial
agents were not supporting wound progression.

The small subset of wounds that were deteriorating after
the introduction of AQAg+E were complex, longstanding
wounds, some of which involved spreading infection. This
could explain their lack of progress following the introduc-
tion of the new anti-biofilm technology. Complex comorbidi-
ties or systemic factors are unlikely to be addressed effectively
by a change in topical antimicrobial dressing alone.

Limitations of this small clinical evaluation include the fact
that wound outcomes (except for healed wounds), exudate
levels and wound bed appearance were based on the sub-
jective opinions of clinicians, which reflects the current lack
of widely available clinical tools for standardised assessment
of many of these wound characteristics. In future dressing
evaluations of this type, laboratory techniques such as confo-
cal laser scanning microscopy and electron microscopy [35]
could be used to establish whether samples from non-healing
wounds contained biofilm. Wound size and time-to-healing
data was not available in all the wounds included in the
evaluation, so was excluded from the aggregate data analysis.
Although the evaluations were designed so that standard of
care was conducted throughout, with the only change in
wound management being the switch of primary dressings
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Figure 3. Wound statuses before and after the introduction of AQUACEL Ag+ Extra (AQAg+ E) dressing. ( ) protocols including standard silver dressings

(n = 31), ( ) protocols including iodine dressings (n = 21), ( ) protocols including polyhexamethylene biguanide (PHMB) products (n = 16); ( ) protocols including

antibiotics (n = 17), † 1 patient was previously being managed with both silver and iodine dressings, ‡ these 2 patients remained on systemic antibiotics

concurrently with AQAg+ E. n.r. not recorded

Figure 4. Exudate levels of wound being managed before and after the introduction of AQUACEL Ag+ Extra (AQAg+ E) dressing (n = 65)
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Figure 5. Wound bed tissue types before and after the introduction of AQUACEL Ag+ Extra (AQAg+ E) dressing (n = 65). Open box not recorded

Table 2. Skin health for patients with wounds previously being managed with protocols including silver-, iodine-, or polyhexamethylene

biguanide-containing wound dressings or products, and/or systemic antibiotics, and then after the introduction of AQUACEL Ag+ Extra

dressing (n = 65)

Skin assessment Number

Skin health after management with protocolsincluding standard antimicrobials
Healthy 10
Part healthy, part macerated 1
Dry-eczematous 24
Macerated 13
Part macerated, part dry-eczematous 5
Fragile 1
Not recorded 11

Change in skin after switching to protocols including AQUACEL Ag + Extra dressing
Improved 40
Same 16
Deteriorated 4
Not recorded 5

from the incumbent to AQAg+E, the exact care details were
not recorded for every patient, so the assumption was made
that the standard of care was maintained throughout.

Conclusions

The results from this small clinical case analysis emphasise the
importance of dressings and dressing technology in encourag-
ing healing in previously hard-to-heal wounds. Because of the
uncertainty of infection status in chronic wounds with non-
obvious signs of infection, systemic antibiotics are frequently
and overly used in wound management, and often with
poor clinical outcomes. Biofilm is one reason why systemic
antibiotic therapy is often unsuccessful in these challenging
wounds. Consequently, new strategies are required that are

able to combat wound biofilm. AQAg+E wound dressing
has been designed with anti-biofilm technology to facilitate
biofilm control in challenging wounds, and evidence from
this small clinical analysis indicates its clinical value. Larger,
controlled clinical studies that also establish biofilm presence
are warranted to investigate these observations further. This
study emphasises that the use of appropriate antimicrobial
dressing technologies can play a significant role in the success-
ful management of hard-to-heal wounds, and also potentially
reduce the need for systemic antibiotic therapy, thereby assist-
ing in antimicrobial stewardship initiatives in wound care.

Abbreviations

AQAg+E, AQUACEL Ag+ Extra; PHMB, polyhexamethylene
biguanide.
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