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Application of the Nanocrystalline Silver in
Treatment of Burn Wounds in Children

Maya Argirova and Ognian Hadijiiski
N.I. Pirogov, Centre of Burns and Plastic Surgery, Sofia
Bulgaria

1. Introduction

Infection is one of the most frequent and major complications in patients with burn injuries
and is the main cause for prolonged in-hospital stay and death in cases of wide-spread
burns despite marked progress in the development of treatments methods for these patients.
Burn infections get complicated by the development of multi-resistant organisms. The
colonization and infection of these wounds are a dual clinical problem. On one hand, a
slowing of the healing process is possible based on a damaged immune system and
inadequate perfusion to the wound. On the other hand, the infected wound may be a
potential source of spreading of antibiotic-res istant microorganisms. The infected wound is
a cause for pain and discomfort for patients, as well as life-threatening septic conditions.
Thus, the treatment cost and the medical care increase, respectively.

The topical treatment of the woun d is an integral part of the general treatment of the burns.
The topical treatment agents should posses some important characteristics such as a broad
spectrum of antibacterial activity, low resistan ce level, decreased vapour loss, dehydration
prevention, limited adverse effects, pain control, ease of use and limited toxic risk. Due to
the wide variety of suitable agents, the choice of the agent depends on the assessment of the
wound. The most important considerations for the choice of a burn wound dressing are the
level of its antiseptic effect, the influence of its bioactive abilities on the epithelization and its
abilities for management of the wound infection. The perfect dressing for children should
provide optimal protection, reparation and mi nimization of pain and burn sequelae. Over
the last 30 years, the knowledge of the mectanism of wound healing has made incredible
progress as a result of intensive technological and clinical research. The new technologies
have focused on the development of antiseptic products releasing the antiseptic agent
slowly and steadily, which allows a lower an d more efficient concentration. The wide-
spread antiseptic agents contaning silver have a long history of usage and a wide spectrum
of activity (Klasen, 2000; Landsdown, 2006; Fong & Wood, 2006). Silver dressings are the
most commonly and frequently used in burn wound treatment.

The perfect silver dressing should contain such silver concentration which creates a free (or
limited) side antibacterial effect. The silver nitr ate solution is not applied any more due to its
toxic effect, change of ionic balance and low penetration in depth. The silver sulphadiazine
SSD (Flammazine, Dermazin, Silvadene, Silverdin®, etc.) is the most frequently used agent
for topical treatment of children with burns. SSD has a powerful antibacterial effect against a
broad spectrum of Gram-positive and Gram-n egative bacteria, and especially MRSA and
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Candida spp. The antibacterial effect can beachieved two hours after application and its
maximum activity lasts approximately six hours. The majority of the comparative c linical
studies, utilizing biological and non-biological dressings, involves silver sulphadiazine,
which shows that it is used as a standard agent for treatment in most burn centres (Huang
et al., 2007; Cuttle et al., 2007).

Creams and solutions containing silver have been used as man agents in burn wound
treatment for a long time. Attempts to utilize th e excellent antiseptic properties of silver and
keep the principles of maintaining the moistu re environment in the wound on the one hand,
and avoid the disadvantages of SSD and silver nitrate on the other, have led to the
development of a new generation of silver dressings. New technologies allowing
impregnating substances with “antimicrobial” effect in materials or medical equipment
have been exploited. Silver dressings have preventive and healing effect on the wound
surface (Burrell, 2003; Orvington, 2001).

The new silver-impregnated dressings, developed over the last 20 years, have overcome to a
great extent the disadvantages and limitations of the older silver dressings and especially
the fast silver inactivation. In these new dressings, when silver is consumed by interaction
with target cells or inactivated by prot ein and anion complexes in wound exudate,
additional silver is released in the wound. Thus, a sustained and steady supply of active
silver is achieved on the wound surface (Leaper, 2006). The inn@ation in these dressings is
not the properties of silver, which are well-know n, but the amount of silver incorporated in
the dressings themselves. Sincethe properties of silver are beyond doubt, the choice of
dressing is determined by the characteristics of the silver-carrying ma terial and by the way
of silver delivery to the wound. The dressing components vary as well including mesh,
nylon, hydrocolloid or methylcellulose. In order to be biologically active, the structure of
silver should have dissolution properties, e.g., Ag* or Ag0. Ag+* is a known ionic form
present in silver nitrate, silver sulfadi azine and other ionic silver compounds. Ag©° is the
metallic or uncharged form of silver occurring in crystalline and nanocrystalline silver
structures (Demling & De Santi, 2001; Orvington, 2001).

In the treatment practice, various silver-impregnated dressings are used. Dressings of this
type differ mostly in their silver “reservo irs”. Some examples are Acticoat (Smith &
Nephew), Actisorb Silver 220 (Johnson & Jdinson), Aquacel — Ag (Convatec), Arglaes
(Medline, Mundelein), Contreet — H (Colop last, Marietta), SilvaSorb (Medline) and
Silverlon® (Argentum LLC). The comparison of the silver dressings is usually based on the
bacteriology (Cavanagh et al., 2010). Thus, differences are noticed in the field of inhibition,
with Minimum Inhibitory Conc entration (MIC) and Minimum Bactericidal Concentration
(MBC) as a result of the antimicrobial activity of the agent. The results of the in-vitro studies
of these products with respect to their antimi crobial effect are comparatively identical, and
most of them demonstrate that Acticoat has a more powerful and broader-spectrum
antibacterial effect (Yin, 2003; Yin, Langford & Burrell, 1999). For example, MIC is reached in
concentration of Ag at the range of 5-50 ppm for the most bacteria of clinical interest and
60.5 ppm for MRSA. Ag concentration for Actico at is 70 ppm. Acticoat and Aquacel-Ag are
shown to be most efficient among the silver-imp regnated dressings. It has to be pointed out
that only few prospective clinical studies on th e use of these productsin patients with burns
have been published. The nanocrystalline silver dressing was produced using
nanotechnology and was introduc ed by R.E. Burrell in 1998 (Wright et al., 1998; Burrell et
al., 1999).
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Acticoat has biological, clinical and practical advantages. The biological advantages are: i)
excellent antimicrobial activity; ii) decrease in the inflammatory reaction of the wound by
diminishing exudation and control of wound contamination; and iii) creation of optimal
environment for the healing process of the wound by maintaining moisture, stimulating
epithelization and controlling wound contamination (Gravante et al., 2009).

The antimicrobial activity of silver ions has been studied in detail. It ha s been found that this
activity is due to: i) interruption of the cell resp iratory chain; ii) interven tion in the electronic
and ionic transport of the bacterial cell; iii) attaching to bacterial DNA and influence on cell
replication; and iv) interaction with the cell membrane and damaging of its structure and
receptor function.

The aim of our study was to assess the qualiy and efficacy of the nanocrystalline silver
dressing in treatment of burn wounds and to determine the potential advantages over the
older silver dressings.

2. Materials and methods

2.1 Prospective clinical study involving children treated with Acticoat
A prospective clinical study involving a clin ical contingent of 112 children treated with
Acticoat has been carried out. The protocol was approved by the local ethics committee and
written informed consent was provided by the children’s parents prior the commencement
of the study. The approval of reporting the results of the study has been obtained. The
nanocrystalline silver dressing has been applied on children of both genders, stationary
treated for a period of one and a half year in 2009 and 2010 Acticoat ™ and Acticoat Flex
with 3- and 7-day-wear time have been used. Acticoat ™ consists of three layers — two outer
and one inner. The inner layer is an absorbentcore of rayon and polyester, which controls
the silver release. The two outer layers are asilver-coated, high-density polyethylene mesh.
The silver dressing coating has a specific physical structure consisting of silver
nanocrystalline, organised in a coarse columnar stucture. The thickness of the silver layer is
approximately one micrometer and contains 0.24+0.4 mg silver per mg polyethylene mesh.
Acticoat-7 dressing consists of three layers of polyethylene mesh coated with
nanocrystalline silver and two layers of rayon polyester.
Acticoat Flex is a new, modern formula of the unique silver na notechnology. Acticoat Flex
has an open-weave structure. The open weawe structure allows good contact with the
wound and easy exudate migration, thus redu cing the risk of maceration and does not
require constant moistening. The dressing canbe perfectly combined with vacuum negative
pressure therapy in cases of soft tissue defects.
The monitored children were in the group ag e of 9 months to 18 years (mean age — 5.26
years) and had burn area of 0.5% to 95%(mean — 7.89%). The burn wounds had various
depth and localization. Among them predomin ated the second-degree superficial burns
(IIAB. The studied contingent was grouped into five groups:
- The first and largest group comprised 78 children with second-degree superficial burns
(IIAB) having mean burn area of 6.82%;
- The second group involved 19 children with deep burn wounds — mean area of the
deep burn wounds of 15.76%.
- The third group comprised 5 children on whom the Acticoat dressing was applied on
excised wounds with mean area of 6.75%.
- The fourth group comprised 5 children with application of the dressing on autografts.
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- The fifth group comprised 5 children with a pplication of the dressing on fresh donor
sites.

The assessment methods used included clini@al, microbiological, statistical and photo

documentation.

2.2 Comparative analysis

A comparative clinical an d cost analysis betweenActicoat™ and SSD (Dermazin ) has been

carried out, since the latter agent has proven antiseptic properties and is widely used for the

treatment of burns in children in comparison with the other epithelotonic and less antiseptic

agents such as iodic and chlaine-hexidine (Tonkin & Wood, 2005). The clinical contingent

for this comparative analysis is different from the previous one and involved 111 children.

The patients were randomized into two gr oups. The comparative assessment has been

performed for 68 children with Acticoat™ and 43 children with Dermazin and the

following parameters have been monitored:

- Clinical — wound type (initial and post dressing change), wound clearing time,
epithelization time and hospital stay;

- Microbiological — dynamically monitoring the microbial flora, prior and post each
dressing change;

- Pharmacological and cost parameters.

2.3 Method of use
The way of application depends on the type of ficticoat. The application is easy and
identical regardless of the age, area, localizéion and the depth of the burn, excised area,
area covered with autograft or donor site. The wound areas are mechanically cleaned by
hydro-procedure using Hibiscrub. Prior to use, Acticoat™ is moistened with sterile water
and applied on the burn wound, excised area, autograft or donor site. The dressing is
trimmed according to the shape of the treated area. Acticoat™ is covered with a four-layer
moistened gauze followed by four layers of dry gauze whose purpose is to drain the surplus
amount of fluid. The dressing is held in place with a bandage or mesh. The moisture
maintenance is an important condition for the dressing efficacy and can be done by means
of the following two ways:
- Moistening the dressing by irrigation or wa tering once or twice daily. The outer gauze
layer is changed.
- Covering the dressing with polyethylene foil which helps maintain moisture.
An alternative but a more expensive way to main tain the moisture is to use Intrasite gel or
Allevyn foam.
In case of heavy exudate wounds, additional moistening of the wounds is not necessary. The
dressing is changed 3 or 7 days after applicaton, but this period may differ depending on
the estimation. Acticoat Flex is used after an identical preparatory wound treatment and is
moistened with sterile water prior to application. It is cut to the desired shape and size, and
exploiting its elasticity applie d to the wound area. The dressing is covered with a four-layer
moistened gauze followed by four layers of dry gauze. It is not additionally moistened until
the next dressing. In wide spread burns, the dressing change is performed by using a
general anaesthesia (Tancheva, 2008). In cases limited and small burn areas, a general
anaesthesia is not necessary due to the painless dressing change.
Mic robiological quantitative (tissue biopsy sa mples) and qualitative (wound surface swab)
analysis of the flora in the treated areas were carried out before initial application and at
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every dressing change. The studied contingent was monitored for presence of pain or
discomfort after the dressing as well as for side effects — general and local.

The treatment of 62 children from the first gr oup started within 24 ho urs after the burn and
for the remaining 16 children —24 hours after the burn. The treatment of 7 children from the
second group began within 24 hours after the burn and for the remaining 12 children -

within 42 hours.

In all burn centres SSD is changed every 12 hours. In this study the Dermazin dressings
were changed every 24 hours. The microbiological analysis was performed at the beginning
of the treatment and at every dressing change The closed method of application was used.
After a hydro-procedure with Hibiscrub and clea nsing using disinfection solution, the agent

of 2-3 mm layer was applied directly on the wound and covered with dry, sterile and dense

bandage-gauze dressing (Atiyeh, 2009).

3. Clinical observations

3.1 Clinical observation of the wounds treated with Acticoat

The treatment with Acticoat of the first grou p of children (78) with superficial burns was
conducted according to the described method. Decreasing of the exudation and demarcation
of devitalized tissue was observed as early as in the first dressing. In wounds and areas of
second degree (llA), the dermis was deeply red with beginning epithelization. In cases of
abundant exudation and of deep dermal burns, a bright and jelly-like coating was observed
on the wound surface and the Acticoat bed, which was caused by protein coagulation.
Attempting to remove this coating led to heavy wound bleeding. The wound resembled the
“infected” one, but bacterial growth was abse nt. There was no inflammation area around
the wound. A dark brown or grey pigmentation of the wound and intact skin was observed,
which was transient and disappeared within 2 to 14 days. The intact skin was changed by
the hydration but not macerated. The hydrated skin appeared white or lighter than the
surrounding skin with a wrinkled or prune-lik e look, while the macerated skin was soft and
tissue became bright red, progressing to blistering and breakdown. When 1 cticoat Flex was
applied on this type of burns, a good fixati on of the agent on the wound and hardly any
exudation was observed. In most cases, the dressing could be removed only after a
prolonged moistening. The dressing structure allows good control of the wound and a new
dressing was not applied, regardless of the 1 cticoat Flex wear time (3 or 7 days), providing
the dressing was properly fixed. When the dressing was gplied on a heavily exudating
wound, the exudation decreased after one or two dressings (6 children). The exudation level
was subjectively assessed by the type and sizeof the coating on the wound surface and on
the dressing. In burns above 10%, where wound infection was not present, smell appeared
after the removal of the dressing. The patients did not feel pain immediately after the
dressing application and betw een the dressing changes.

A discomfort after the dressing application wa s observed in 8 children, which disappeared
within 3-4 hours. In the deep dermal burn wounds, a very rapid demarcation and removal
of the necrotic tissue was observed (in the 2d or 3d dressing). The mean wound clearing
time is 8.92 days and the mean epithelization time is 12.98 days, shorter in comparison with
the agents used thus far. The second (Il1A)degree burn wounds epithelialized within 5-6
days. In the case of cleared wound and begnning epithelization, the dressing could be
replaced by another type of epithelotonic dressing such as Bactigras. (Bactigras is a sterile
gauze dressing made of cotton impregnated with soft paraffin containing 0.5%
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chlorhexidine acetate). When the 1 cticoat dressing was applied on infected wounds, the
clinical type of the wound remained the same, but the coating on the dressing bottom was
more mucous and thick, and a 4-5-day delay in the wound clearing was observed. Wound
sites in which a pathogenic flora was isolated during the treatment did not clinically change
the wound type. In these rare cases the only clinical sign was the delay of the wound
clearing and epithelization, respectively.

The application of Acticoat™ and 1 cticoat Flex for treatment of superficial burns is
demonstrated (Figures 1-15).

Fig. 1. The beginning of treatment Fig. 2. Result after the ®t dressing

L NAW.
Fig. 3. Result after the 2t dressing — complete epithelization

B

Fig. 4. Final result — 30" day after the burn
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Fig. 5. The beginning of the treatment with Acticoat™ of a left arm with deep dermal flame
burn —

Fig. 6. Wound condition after the 1st Fig. 7. Wound condition after the 2nd dressing
dressing

Fig. 8. Wound condition after the 3rd dressing — Fig. 9. The 16 day after burn.
epithelialized surface with scattered small wounds and Full epithelization with
distinguished hyperpigmentation resulted from the disappearing

application of the silver dressing hyperpigmentation
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Fig. 10. Final outcome

Fig. 11. Scalding of the right leg Fig. 12. Covering the wound with Acticoat
Flex 7

Fig. 13. The result after the ¥t dressing on the Fig. 14. Epithelializing wound covered
7th day of the treatment with Acticoat Flex

Fig. 15. The 12 day of the treatment — fully Fig. 16. Early result (18" day) — removing

epithelialized wound of the thigh and of the dressing after moistening. The
progressing wound epithelization of the wound is almost fully epithelialized
lower leg
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The dressing was applied on 19 children from the second group with deep burns with
various area (from 0.5% to 95%, mean — 15.76%) and various locaation. All children
underwent operation. An early su rgical excision at one, two or three stages was performed
on 16 children between the 2d and the 6" day after the burn. Three children were operated
on after the 10h day of the burn. The dressing changes for this group conformed to the times
of surgical treatment. On those patients operated on after the 10h day, the dressing was
applied according to the described standard method. The demarcation and separation of the
devitalized tissue in these patients occurred after the second or third dressing. The burns
were clear and without exudation. The form ed necroses were greenish and not dry for
Acticoat™, while those for Acticoat Flex were greenish-brown and drier. Dressing removal
was easy and without bleeding, and a clear wound with a short and fresh granulation was
formed, ready for autografting.

In 5 children from the third gr oup, Acticoat was applied on fresh excised sites of burn
wounds (mean area of 6.75%), where multistage excision was caried out. After the dressing
removal, the excised site was covered with bright yellow coating without smell and
exudation. This coating could be easily removed and the wound area was fresh and ready
for autografting without any additional surgical treatment. Hyperpigmentation of the
wound was not observed.

The dressing was applied on autografts in 5 of the clinically monitored children, who had
above 15% burn and deep burn area ranging from 6% to 72%. Using the standard method,
Acticoat was applied directly on the au tografts, which had various areas (300 cn® to 800
cm?) and was meshed at 1:2 ratio using mesh-graft dermatome (1:4 ratio for one patient
only). The dressing was removed on the 4h day after the operation (in two children on the
5th day) and well-healed autografts with hy perpigmentation, scant smell and without
exudation was observed. The epithelization of the mesh splits was 95%.

In 5 children, the dressing was applied on fresh donor sites situated on the thighs. The
autografts with thickness of 0.2 — 0.5 mm were harvested from these areas with electric
dermatome. The standard way of dressing application was used. After the removal of the
dressing on the 4" day, the donor site had pink colour and was covered with silver scattered
particles. This site did not have any smell, exudate or coating. Epithelization of 95% occurred in
one child on the 4t day. The complete epithelization occurred in the remaining patients within
8 days after the dressing application. Hyperpigmintation of the intact s kin was observed in all
patients. The donor sites were monitored up to six months after the epithelization a nd there
were no signs of hypertrophic scarring according to the Vancouver Scar Sale (VSS).

The following figures demonstrate a clinical case with Acticoat ™ application (Figures 17-
28): i) treatment of deep burns localized on the legs; ii) application on excised area; iii)
application on auto- and allograft; iv) application on donor sites.

Fig. 17. Deep burn Fig.18. Application of Acticoat ™ as a pre-
operative preparation
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Fig. 19. Total surgical excision

Fig. 21. A stable whole autograft on knee and cadition of the excised site on the lower leg
after Acticoat™ removal
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Fig. 22. A stage of the treatment — healed autogafts in the knee area, healed autografts in the
right lower leg; and clinical condition of the excised site on the left lower leg after Acticoat ™
application

Fig. 24. Donor sites after the 3t Acticoat™ Fig. 25. Epithelialized donor site at the 2nd
dressing dressing and neighbouring donor site after
the 1st dressing

www.intechopen.com



ntechCpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



ntechOpen

ntechOpen



