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Nanocrystalline silver reduces the need for
antibiotic therapy in burn wounds

Catherine Tonkin ¢ Fiona Wood

Abstract

Wound infection is a serious consequence of burn injury. This study aims to compare the effectiveness of Acticoat™ and silver
sulphadiazine (SSD) in relation to antibiotic use during a product trial at Royal Perth Hospital (RPH) in Western Australia (WA).
This investigation consisted of four periodic clinical audits (n=72) comparing SSD and Acticoat wound dressing regimens for

burn injury, with the primary outcome variable being antibiotic use.

Of the 72 patients audited, 81.9% were male and 18.1% female, with a mean age of 35.7 years. The most common burn agent was
flame (58%); 36% had partial depth burns. The mean percentage total body surface area (%TBSA) of burn was 9.3%. Antibiotic
use was prescribed for 24 (36.1%) of the 72 patients reviewed. There was a statistically significant (p=0.016) decrease (50%) of
antibiotic usage with Acticoat dressings compared to SSD. The mean length of stay (LOS) for those patients receiving Acticoat
showed a statistically significant decrease (p=0.045); 8.8 days compared with a LOS of 15.1 days in the SSD group. It was

therefore concluded that Acticoat is a more effective dressing for reducing infection than SSD in burn wounds.
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Introduction

Therelease inNovember 2001 of Acticoat™ onto the Australian
market prompted a product trial of this new silver dressing in
the nine bed acute care burn unit at Royal Perth Hospital
(RPH) in Western Australia. The unit averages approximately
200 adult admissions each year; the average size of burn is
10% total body surface area (TBSA).

The Center for Disease Control (CDC) defines burn wound

infection as follows:

* The appearance or character of the burn wound changes.
For example, rapid separation of eschar, discolouration of

the eschar or oedema at the burn wound margins.
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¢ Histologic examination confirms micro-organism invasion
into adjacent viable tissue. A positive blood culture or

herpes simplex isolated.

e Fever or hypothermia, oliguria, hyperglycaemia or mental

confusion .

The standard treatment for burn injuries within the burn unit
at RPH is silver sulphadiazine (SSD), a white, water based
cream "% SSD was developed in the 1960s and has been
acknowledged worldwide as the gold standard in the
treatment of burn wounds**. Clinical trials show that SSD
reduces bacterial load and inhibits colonisation of the burn
wound with Gram-negative and some Gram-positive
organisms?>%. SSD, however, does not reliably control these

organisms in burn injuries of greater than 40% TBSA*®.

Acticoat is a three-layered dressing; an absorbent rayon
polyester core between two layers of a high-density
polyethylene mesh, coated with nanocrystalline silver. Itis a
non-adherent dressing that promotes moist wound healing>”
8. In vitro studies show that Acticoat is an effective dressing
that protects against a broad spectrum of Gram-negative and
Gram-positive organisms, including multi-resistant organisms
2. An inflammatory and pro-healing role for this product is

also postulated ”* 1°.

Burn wounds treated with Acticoat and SSD differ in
appearance. SSD forms a yellow-grey slough over the wound

surface of partial thickness burns, whereas Acticoat does not.
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This SSD slough may impede the accurate assessment of the
depth of the burn ™. Clinical experience has found that, as
Acticoat does not form a slough, it may not amplify the depth

of the burn wound ™.

An important issue in the treatment of burn wound infection
is the need to avoid prophylactic antibiotic therapy. This is
due to the risk of developing multi-resistant infection and
drug reactions which may complicate recovery'>. This study
therefore aims to compare the effectiveness of Acticoat and

SSD in relation to antibiotic use.

Methods
Study design

This investigation consisted of four periodical clinical audits
(two retrospective and two prospective) comparing SSD and
Acticoat wound dressing regimens for burn injury. The primary
outcome variable was antibiotic use. The secondary outcome
variables were length of stay (LOS) in hospital in the burn unit,
and surgical intervention, debridement, skin grafting, cultured
epithelial autograft (CEA) and wound breakdown.

Recruitment

The clinical audits included men and women admitted to the
unit over a 3-year period from January 2001 to December
2003. These patients were included from all those identified,
in the burn unit admission register, with a burn injury of less
than 35% during the years of the audit. When the initial two
audits were conducted, patients were dressed with SSD on
admission, as per protocol. For the later audits, the dressing
on admission was Acticoat. As it is community practice to
dress burns with SSD prior to transfer to the burn unit, those
patients treated with SSD prior to admission to the burn unit

were excluded from the Acticoat audits (Table 1).

Routine management of patients in the burn unit

The burn unit at RPH comprises seven positive pressure
single rooms and a two bed positive pressure room with a
negative pressure anteroom where patients with multi-
resistant organisms are nursed. The unit is designed to

decrease cross contamination and thus the risk of infection*
13

Staff members wear gowns, sterile gloves and hats during
dressings and observe strict hand washing procedures when
undertaking other aspects of patient care. Patients are
showered daily to reduce the bacterial load and precautions,
such as reducing patient visitors and ensuring visitors wash
their hands and wear a plastic apron, are undertaken. These

protocols aim to further reduce cross contamination *°.

Table 1. Description of audit groups and dressing types.

Audits  Year and month No. Group Dressing
Audit 1 1st-12th 2001 18 1 SSD cream
Audit 2 11th 2001-12th 2002 18 2 Acticoat
Audit 3 1st -12th 2003 18 1 SSD cream
Audit 4  1st -12th 2003 18 2 Acticoat

Routine antibiotics prescribed

Antibiotic usage is defined as the prescription and
administration of antibiotics, including the number of doses of
each antibioticadministered. For the prescription of antibiotics,
the standard practice in the RPH burn unit is based on a
combination of elevated body temperature in excess of 38.5°C,
and on the visual assessment of cellulitis at the burn margin of
greater than 2cm, in contrast to the appearance of inflammatory

process related to wound healing.

Proactive prescription of antibiotics for suspected infection
with the risk of extension of the wound is also made on the
basis of clinical examination wound appearance, including
inflamed burn wound margins, elevated body temperature
(not necessarily 38.5°C) and environment of the occurrence of
the burn injury (i.e. potential infection). Some microbiological
tests for the presence of organisms are undertaken as clinically

indicated.

At the time of the audits, the common antibiotics and dosages
used to treat suspected wound infections for all patients
admitted to the burn unit included Flucloxacillin (1g),
Benzlypenicillin (1.2g), Gentamicin (varying dose dependent
on body weight and renal function), Cephalothin (1g),
Ciprofloxacin (400mg), Clindamycin (600mg), Ticarcillin
sodium and potassium clavulanate (3.1g), Amoxycillin (1g),
and Ceftazidime (1g).

Routine dressing practice

SSD dressings are undertaken twice daily by nursing staff
and incorporate a shower using Chlorhexidine 4% pre-
operative liquid soap. The shower is used to reduce the risk
of infection by decreasing surface bacteria and wound
colonisation. The burn wound is debrided of crusting, loose
slough and non-viable skin, as required, and SSD cream
applied to the burn wound. Gauze is applied over the cream
and secured using crepe bandages. This practice continues
until the patient either requires surgery, the wound healing
progresses, or he or she is discharged.
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When using Acticoat dressings, the shower and debridement Table 2. Demographic characteristics of patients in the two groups.
of the burn wound is performed as with that of the practice
with SSD dressings. The Acticoat is moistened with sterile Gender Group1 Group2 Total %
water and applied to the burn wound, with minimal overlap Female 6 7 13 18.1
onto unburnt skin. As recommended by the manufacturer
and if clinically indicated (that is the burn is not infected and Male 30 29 59 81.9
the dressing has not changed from blue to copper, signifying Age (mean, range) 38.1 33.4
diminished silver in the dressing), the Acticoat remains in

%TBSA (mean, range) 8.9 9.5

place for up to 3 days.

The secondary dressing of gauze is moistened with sterile
water and applied directly to Acticoat. This is covered with
paraffin gauze, to keep the dressing moist, and then more Table 3. Common agents causing burn injury in the two groups.

burn gauze is applied and secured with a crepe bandage. The

Agent Group 1 Group 2 Total %

inner burn gauze dressing is moistened with sterile water, as

required, but at least once a day. If the burn is not clinically Flame 18 25 43 59.7
infected, from Day 3 post burn injury, an alternative dressing Hot oil 7 4 11 15.3
practice is used — the application of a hydrocolloid directly

over the Acticoat to promote moisture retention®. Scald 7 3 10 13.9
Analysis of data Other 4 4 8 1.1
Data on demographic characteristics (age, gender), clinical Total 36 36 72 100

characteristics (%TBSA, agent, burn depth, antibiotic use,
LOS in the burn unit and surgery) and outcomes (antibiotic ADVERTISEMENT
use) were obtained from patient integrated notes and reported

in counts and percentages. ANNOUNCEMENT

Comparative analysis by dressing product used non- UNOMEDICAL AND FERRIS POLYMEM
parametric chi-square (antibiotic usage) and Mann-Whitney

(LOS) using the p=0.05 level of significance. Data analysis We are proud to announce a Partner Alliance between
used SPSS v12.5. Unomedical Pty Ltd and the Ferris Manufacturing Group
with the integration of the PolyMem Brand to join the well
Ethical issues known Sorbsan Family of products to form part of our
These clinical audits were conducted under the auspices of newly created Wound Care and Continence division.

the burn unit with access to clinical notes using non- This exciting development will place both organisations in

identifiable clinical data. a stronger position for the future. Both Sorbsan and

Results PolyMem will continue to offer superior Wound

Management outcomes for clinicians and patients alike.
The following results report on the demographic and clinical

characteristics, antibioticusage, LOSand surgical requirements Full distribution via Unomedical for the PolyMem Brand

of the 72 patients audited will begin on the 1 August 2005 with an exclusive

arrangement to take effect as of the 1 November 2005.

Demographic and clinical characteristics . .
Customer Service contact details for all orders are as

Table 2 shows that, of the 72 patients audited, 81.9% were follows:

male and 18.1% female, with an age range of 14-76 years Unomedical Pty Ltd

(x=35.7 years). The %TBSA of patients ranged from 1% to Customer Service Direct: 02 9999 3104 / 02 9999 3106
33% (x=9.7%). Table 3 shows that, of the 72 patients, the most Facsimile: 02 9997 3760

common burn agent was flame (58%), followed by hot oil Toll Free: Phone 1800 803 987 Fax: 1800 634 415
(15%) and scald (13%), with other agents the cause of injury Email: csa@unomedical.com

for eight of the total. Reception: 02 9997 8033
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Table 4 shows that deep partial burns were the most common
depth of injury (41%), followed by superficial burns (20%),
partial thickness burns (20%) and mixed depth burns (16%).

There were no full thickness burns.

Antibiotic usage

There was a statistically significant (p=0.016) decrease (50%)
of antibiotic usage with Acticoat dressings compared to SSD.
Antibiotic use was required by 26 (36.1%) of the 72 patients
reviewed. Of those patients receiving SSD dressings (audits
1 and 3), 61.1% required antibiotic therapy, compared with
11.1% who received Acticoat dressings (Table 5).

Table 6 shows swab results and corresponding antibiotic use.
Of the 22 patients in the SSD group receiving antibiotic

therapy, 22.7% returned a positive wound swab result, 50%

Table 4. Clinical characteristic of patients in the two groups.

returned a result where no pathogens were isolated, and

27.2% had no wound swab taken.

In comparison, of the four patients in the Acticoat group
receiving antibiotic therapy, 50% returned a positive wound
swab result, 25% returned a result where no pathogen was
isolated, and 25% of patients did not have a wound swab

taken.

Therefore more patients received antibiotic therapy when
dressed with SSD cream despite no microbiological evidence

of infection in the wound swabs.

Surgical requirements

Table 7 shows that approximately half of the patients reviewed
in the audit required surgical intervention, including
debridement and split skin grafting, or cultured epithelial
autograft. This included 24 patients who received SSD and
nine who received Acticoat dressings. A total of 11 patients,
nine who received SSD dressings and two who received

Acticoat, experienced wound breakdown. In this study,

Factor (depth) Group1 Group?2 Total %
Superficial 7 8 15 20.8
Partial 6 9 15 208 Table 5. Comparison of antibiotic usage Acticoat and SSD cream.
Deep 14 16 30 417 Group Antibiotic usage e\_len_t§

No. % Significance
Full 0 0 0 0 Chi square
Mixed 9 3 12 16.7 Group1  SSD 22/36 61.1 p=0.016*
Total 36 36 72 100 Group 2  Acticoat 4/36 111

Table 6. Swab results and corresponding antibiotic use.

*Statistically significant at the p=0.05 level

Group Antibiotic therapy Positive swab No pathogen No swab taken
isolated on swab
n % n % n % n %

Group 1 SSD 22/36 30.5 5/22 22.7 11/22 50 6/22 27.2
Group 2  Acticoat 4/36 5.5 2/4 50 1/4 25 1/4 25.0
Table7. Surgical intervention and wound breakdown in the Acticoat and SSD cream groups.
Group Debridement and Debridement Debridement, CEA Total no. Wound

skin grafting and CEA and skin grafting requiring surgery breakdown
Group 1 SSD 4 2 18 24/36 9
Group2 Acticoat 2 2 5 9/36 2
CEA = Cultured Epithelial Autograft
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wound breakdown is defined as a healed burn or graft that has

suffered skin loss, resulting in a further wound to the area.

Length of stay

The mean LOS for those patients receiving Acticoat showed a
statistically significant decrease (p=0.045); 8.8 days compared
with a LOS of 15.1 days in the SSD group.

Discussion

Every intervention from the time of burn injury influences the
ultimate healing of the burn wound. Tissue salvage and
consequently minimising infection is paramount. The healing
process is initiated as the acute inflammatory response at the
time of injury. At the site of injury, the blood vessels dilate
and become more permeable. Macrophages migrate into the
site of injury and, through phagocytosis of debris and
bacteria, attempt to control infection. Nutrients are released
to sustain the cells, protecting against infection, and fibrin is
formed, preventing the spread of infection. A layer of yellow
slough or eschar also becomes visible due to the debris from
phagocytosis.

During the inflammatory response, the site of injury is
characterised by erythema, heat, oedema, pain and loss of
function of the area, which are the signs of suspected infection
. It is widely recognised that the inflammatory response is a
vital element of the process of wound healing. Optimal
inflammatory response is essential in achieving healing. If
this response is impaired or its progression impeded, the

wound healing process is also affected °.

Burn injury results in impairment to the skin barrier, providing
access for bacteria; it has been shown to initiate inflammatory
and immune impairment . In patients with burn injuries over

25% TBSA, this response is further compromised®.

In determining whether Acticoat is a more effective
antimicrobial agent than SSD, there is conflicting evidence.
Previous in vitro research has found SSD to be a more effective
topical antimicrobial agent compared to Acticoat® Other
studies, however, report the reverse, with Acticoat being

more valuable than other topical antimicrobial products®” Y.

Antibiotic usage

In the present study, 11% of patients receiving Acticoat were
prescribed antibiotic therapy, compared to 61% in the SSD
group. This is of major significance, considering the mean
%TBSA of both groups was similar — Acticoat 9.5%, SSD 8.9%.

Is it possible that the inflammatory response, or the

appearance of inflammatory response, is exacerbated by the

use of SSD dressings? Of the 22 patients receiving SSD
dressings and antibiotics, half returned a wound swab
where no pathogens were isolated. Five patients receiving
SSD and antibiotics returned a positive wound swab and six
did not have swabs taken yet still received antibiotic therapy.
Of the four patients receiving Acticoat dressings and
antibiotics, two returned positive wound swabs, one
patient’s swabs did not isolate pathogens and one patient

did not have swabs taken.

SSD may exacerbate the appearance of inflammatory response
but not necessarily constitute clinical wound infection.
Therefore wound appearance is not a reliable gauge of burn

wound infection.

The question raised is the whether wound swabs should be
routine practice in burn wound care prior to the
commencement of antibiotic therapy. There is conflicting
evidence on this matter. Whilst it is acknowledged that
wound swabs are routinely performed to verify a suspicion
of infection, there is minimal research to support the sole
use of swabbing in the diagnosis of infection '®. One study,
however, reported that wound swabs are adequate to
determine appropriate antibiotic therapy . The present
audit supports the practice of the routine swabbing of
wounds for the presence of infection prior to the prescription

of antibiotics.

While the inflammatory response may be heightened by SSD,
as discussed previously, SSD forms a yellow-grey eschar over
the wound surface™. This eschar is a moist or macerated and
irregular surface, which promotes the proliferation of bacteria®.
Acticoat does not form this eschar. Therefore the higher
number of positive swab results ad increased use of antibiotic
therapy in the SSD group may be due to the formation of an

eschar, which may promote the migration of bacteria.

Surgical requirements

The present study also found that the Acticoat group required
less surgery than the SSD group. This may be indicative that
less patients in the Acticoat group received antibiotic therapy
than those in the SSD group, and the healing time was

reduced due to a normal inflammatory response .

Other authors have reported that both dressings delay wound
healing due to the impairment of re-epithelialisation by the
silver in both products®2"?. In the RPH burn unit, routine
dressing practice is to apply a hydrocolloid dressing directly
over the Acticoat, if the burn is not clinically infected, from
Day 3 post burn injury. This may also contribute to the need
for less surgery in the Acticoat group, in contrast to the SSD
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group, as hydrocolloids promote moisture and thus
re-epithelialisation®. Due to the use of hydrocolloid dressings,
moist wound healing may increase the rate of epithelialisation
and therefore decrease the need for surgical intervention in

the Acticoat group.

The ability of Acticoat to prevent eschar formation may also
account for that group’s reduced need for surgical intervention.
Over partial thickness burns, a yellow-grey pseudo eschar is
formed when dressed with SSD. This eschar may mask the
depth of burn, making assessment difficult, which may have
impacted on the number of surgeries in the SSD group

compared with the Acticoat group.

It is suggested that the heightened need for surgical
intervention in the SSD group compared to the Acticoat
group may have also impacted on the occurrence of wound
breakdown. Nine patients in the SSD group experienced
wound breakdown, compared with two patients in the
Acticoat group.

Length of stay

The increased use of antibiotics, surgical intervention, and
further treatment due to wound breakdown in the SSD group
may account for the mean LOS in the burn unit of 15.1 days.
This is 6.3 days more than those patients receiving Acticoat

dressings.

Conclusion

The findings of this study indicate that Acticoat is more effective
than SSD in relation to the reduction in antibiotic use. The basis
for this finding may originate on the false assumption that

antibiotic use equates with the presence of infection.

This study has demonstrated that antibiotic use equates with
suspicion of infection. This suspicion of infection is assessed
using visual inspection of signs and symptoms and,
Compared to Acticoat, SSD

alters the appearance of the burn wound, which may affect

infrequently, wound swabs.

the visual assessment of the wound, resulting in the
prophylactic prescription of antibiotic therapy, surgical
intervention, wound breakdown and increased LOS in the

burn unit.
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