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ARTICLE INFO ABSTRACT
Article history: Aim: Our aim was to compare two different regimens for the treatment of children with
Accepted 4 April 2019 partial-thickness scalds. These were treated with either a porcine xenograft (EZderm",

Msdlnlycke Health Care, Gothenburg, Sweden) or a silver-foam dressing (Mepilex" Ag,
Molnlycke Health Care, Gothenburg, Sweden).
Methods: We organised a prospective randomised clinical trial that included 58 children

Keywords: admitted between May 2015 and May 2018 with partial-thickness scalds to The Burn Centre in
Burns Linkoping, Sweden. The primary outcome was time to healing. Secondary outcomes were
Partial thickness burns pain, need for operation, wound infection, duration of hospital stay, changes of dressings,
Scalds and time taken.

Children Results: The patients treated with silver-foam dressing had a significantly shorter healing
Wound dressings time. The median time to 97% healing for this group was 9 (7-23) days compared to 15 (9-29)
Healing days in the porcine xenograft group (p =0.004). The median time to complete healing for the

silver-foam group was 15 (3-29) days and for the porcine xenograft group 20.5 (1142) days
(p=0.010). Pain, wound infection, duration of hospital stay, and the proportion of operations
were similar between the groups. Number of dressing changes and time for dressing changes
were lower in the silver-foam dressing group (p=0.03 for both variables).
Conclusions: We compared two different treatments for children with partial-thickness
scalds, and the data indicate that wound healing was faster, fewer dressing changes were
needed, and dressing times were shorter in the silver-foam group.

© 2019 Elsevier Ltd and ISBI. All rights reserved.

make up 70% of all burns in children under the age of 2 years.

1. Introduction Scalds typically cause partial-thickness injuries, covering a
relatively small percentage of the child’s body.
Scalds are the most common type of burns in children in They usually affect the superficial parts of the skin and

Europe [1], and at the Linkoping Burn Centre, Sweden, they damage both the epidermal and dermal layers, but leave the
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deeper tissues intact. Healing of a superficial scald normally
occurs within two to three weeks of injury. Longer healing
times and wound infections are associated with an increased
risk of scarring, which indicates the importance of preventing
infections during healing [2-5].

We use the type of dressing for these burns that we think
provide the optimal conditions for re-epithelialisation of the
wound. Our choice also depends on to what extent the dressing
is adjustable for different sites, as well as how easy it is to use,
and how cost-effective [6]. For scalds, porcine xenografts pre-
meshed 1:1 have been our standard since 2013 (EZderm",
Molnlycke Health Care, Gothenburg). They have several
benefits in that they are reported to reduce infections and
pain, and undergo fewer changes of dressing, as well as
preventing the loss of heat and fluid, all of which leads to
potentially better re-epithelialisation [7~12]. Another of their
beneficial characteristics is that they tend not to adhere to
burns that are deep or infected, or both, which in some
instances are used for diagnostic guidance.

However, they also have drawbacks. Studies have reported
less satisfactory scarring with xenografts in partial thickness
wounds, possibly caused by a more pronounced immune
response to the biological compounds of the dressing [13-16]. In
addition, the use of animals as donors raises questions about
transmission of viruses and diseases [17,18]. Lastly, there are
the cultural and ethical aspects of using pigs as donors [19].
Religious leaders within Hinduism, Buddhism, Islam, Sikhism,
andJehovah’s Witnesses raise concerns about products derived
from pigskin when there are other options [20,21].

A synthetic dressing, such as Mepilex Ag" (Mdlnlycke
Health Care, Gothenburg, Sweden), which is a foam dressing
containing silver, can serve as an alternative to a porcine
xenograft, as it combines the advantage of needing fewer
changes of dressing with that of an antimicrobial substance
that reduces the bacterial burden in the wound [22].

Our aim in this study was to compare the clinical outcomes
of porcine xenograft and silver-foam dressings for the
treatment of partial-thickness scalds in children. The primary
outcome was the time to complete healing. The secondary
outcomes were pain, wound infection, duration of hospital
stay, need for operation, number of changes of dressing, and
time taken.

2. Patients and methods

This prospective randomised clinical trial was approved by the
regional ethics review board in Link6ping, Sweden (No. 2014/364-
31 and 2016/77-32) and is registered at ClinicalTrials.gov PRS.

Children aged 6 months to 6 years with partial-thickness
scalds who were admitted within 72 h of injury and with burns
suitable for dressing with a porcine xenograft (as judged by the
burn surgeon on duty) were eligible and enrolled after parents
or guardians had given their consent to participation. Children
with only epidermal, or with full-thickness, burns were
excluded, as were those with burns on non-approved areas
(palms, soles, or face) alone, suspected wound infection
(where it would be likely that porcine xenograft would not
adhere), severe coexisting cutaneous trauma, skin disease,
and children with a known hypersensitivity to silver.

The presence of a partial thickness burn was judged
clinically on admission by an experienced burn surgeon
who examined colour, pain sensation, and capillary refill,
and noted the extent and the depth of the burn using the Lund
and Browder chart [23]. After initial debridement of the wound
under sedation the scalded area was photographed. The depth
of the burn was recorded as either “superficial” or “deep”
dermal burn. The extent of the burn was documented as the
percentage of the total body surface area (TBSA %) that was
burned. If the scald was suitable for a porcine xenograft a
coded envelope containing the random assignment for the
dressing was opened. Coded envelopes were created external-
ly before the study started and opened when the guardian’s
consent had been given. Guardians were told after the first
application what kind of dressing their child had been given.

All children were thoroughly washed with saline at all
dressing changes before taking swabs on 1cm 2 of the burned
skin to assess microbial growth according to the Levine
method [24] followed by application of the study dressing
under clean conditions. Samples of capillary C-reactive
protein (CRP) were collected at all study visits and analysed
at the bedside using the instrument “QuickRead go”" (Orion
Diagnostica Oy).

The silver-foam dressing was cut to fit the wound and held
in place with a crepe bandage, and an elasticated tubular
bandage or age-adapted elasticated cotton garments, or both

The porcine xenograft was cut to fit and applied to the
wound, fixed outside the wound edges with a liquid topical
skin adhesive (Dermabond‘k Mini, Ethicon LLC, Puerto Rico,
USA) and covered with a layer of nylon sheets (Dermanet”
DeRoyal, Tennessee, USA) and several layers of AMD Gauze
(Kerlix", Covidien, Dublin, Ireland). It was held in place in the
same way as the silver-foam dressing. According to the
standard protocol at the centre no facial dressings were used.

Figs. 1 and 2 show examples of the two study dressings
applied in study participants.

Children who were included were treated as both inpa-
tients and outpatients, depending on the extent and depth of
the burn. They were followed-up regularly up to three times a
week according to our standard protocol for children [25,26].
Guardians with children who had been discharged from
hospital were instructed to keep the dressings clean and in

Fig. 1 - Porcine xenograft applied on trunk, 6 days after
application.
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Fig. 2 - Silver foam dressing applied on trunk.

place until the next visit and to notify the burn centre if the
dressingbecame wet orloose, or if the child developed any new
or concerning symptoms.

The silver-foam dressing was changed at each follow-up visit,
and the progress of re-epithelialisation of the wound bed was
noted. The porcine xenograft remained intact on the surface of
the wound until spontaneous separation of the xenograft, whilst
the Dermanet” and Kerlix" were changed at each follow-up visit.

Healing, pain, need for operation, wound infection, duration of
hospital stay, dressing time, frequency of dressings, and (local)
adverse events were recorded until the wounds had healed
completely.

2.1.  Healing time

Healing time was calculated from the date of injury to the date
when the wound bed was assessed as 97% re-epithelialised and
completely (100%) re-epithelialised, with no need for further
dressings other than a protective covering to protect against
shearing according to both the physician and nurse (definition
used in similar studies [5,27-29]). Burn surgeon was asked to
statehealed % TBSA atall visits and the “actual percentage” was
later calculated looking at the initial %TBSA given.

Photographs were taken atall visits until healingwas confirmed
as complete. No “blinding” was possible because of the character-
istics of the porcine xenograft, which adhered to the wound surface
until separation. If parts of the burn healed (while others remained
open) standard thin polyurethane foam was used to protect the
healed area from shearingin both groups. As it has been suggested
that the size of the burn may have an impact on the healing time of
burns in children [30] we have analysed whether any difference
remained between the types of dressing when children with burns
of more than 10% and 20% TBSA were excluded.

2.2. Pain

Guardians were instructed on how to rate signs of pain once
daily using the Parents’ Postoperative Pain Measure (PPPM)
[31]. This consists of 15 questions to which the answer YES
indicates signs of pain. The maximum score s therefore 15 and

the lowest 0 (which indicates no signs of pain that day)
(Supplementary Table 1). Guardians were also asked to report
daily if any pain relief was given (if the child was at home).
Clinical routine is to use paracetamol as the first choice for
pain relief, and opioids if needed. The sedative drugs given
before and during dressing changes was not noted, as doses
are standardised according to weight, and to the number of
doses given previously to that specific child.

Children were also assessed for discomfort or pain before,
during, and after dressing changes by the paediatric specialist
anaesthesia nurse using the Face, Legs, Activity, Cry, Consol-
ability behavioural pain scale (FLACC) (Supplementary Table 2)
[32,33]. The highest score on FLACC is 10, and indicates great
stress, pain, or anxiety. Children were sedated during dressing
changes with either ketamine or midazolam given intrave-
nously or rectally, though in a few cases propofol and fentanyl
were used intravenously, to ensure that the child was
comfortable and that adequate wound care could be given.
In some cases nitrous oxide or fluorinated isopropyl ether
(sevoflurane) was added for optimal sedation.

2.3.  Need for operation

The decision to operate on a child was made by the burn
surgeon on duty on the day of the visit. Dermal burns that
showed no signs of healing within 14-21 days after injury were
excised (according to our clinical practice) and either primarily
closed or skin grafted, depending on the size and location of
the burn. The graft is a split-thickness skin graft harvested
from the thigh or buttock. The site of the donor site depends on
the extent of the burn as well as the size of graft needed, and is
finally decided by the burn surgeon in the operating room.
Surgical details were documented.

2.4.  Infection of the burn

Wound infections were diagnosed (by the burn surgeon and a
consultant physician who specialised in infectious diseases)
if they fulfilled at least two of the following criteria based on
the American Burn Association definition of burn wound
infection [34,35].

- Clinical signs such as localised pain and swelling,
spreading erythema, and heat at the affected site.
Positive bacterial culture growth of the surface wound
swab (according to our local guidelines for diagnosis of
pathological bacterial growth is a minimum of 10* colony-
forming units (CFU)/mL).

Signs of systemic infection indicated by a rise in CRP
concentration (reference range <10 mg/L for capillary
sampling) together with increased body temperature that
exceeded 38°C 48h after injury where other sources of
infection have been excluded.

Data about duration of hospital stay and dressing changes
were extracted from the patients’ medical records and time
for dressing changes from the patient’s case report form,
noted by nurses as taking less than 10 min, 10-20 min, and
so on, for removal of the old dressing and application of
the new one.
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If any adverse event (such as local reaction to the dressing)
occurred during the trial, the type of dressing was changed.

3. Statistics

We used STATA (STATA version 15.0, Stata Corp. LP College
Station, TX, USA) for the statistical analysis. As the data were
judged to be mainly qualitative, and a normal distribution
could not be assumed, non-parametric tests were used. To
assess the significance of any differences between the two
groups we used the Mann Whitney U test and the chi squared
test or Fisher’s exact test (as appropriate). Probabilities of less
than 0.05 were accepted as significant. Data are given as
median (10™-90th centiles) unless otherwise stated.

4, Results

Fifty-eight children (35 boys and 23 girls) with scalds were
enrolled in the study and randomised to treatment with eithera
porcine xenograft (n=30) or a silver-foam dressing (n=28). All
children had their study dressing applied within 72 h of injury.

The two treatment groups were comparable in sex
distribution, age, weight, previous illnesses, TBSA% burned,
and depth of burn (Table 1). Median TBSA for the children was 5
(3-11) %. In the porcine xenograft group 26 of the 30 children
(87%) had burns located on the trunk, 15 (50%) on the upper
extremity, and 14 (47%) on the lower extremity. In the silver-
foam dressing group 25 of the 28 children (89%) had burns on
the trunk, 16 (57%) on the upper extremity, and five (18%) on
the lower extremity.

None of the participating children were either diagnosed
with full thickness burns or died during the study.

4.1.  Healing time

The patients treated with silver-foam dressing had a signifi-
cantly shorter healing time. The median time to 97% healing
for this group was 9 (7-23) days compared to 15 (9-29) days in the
porcine xenograft group (p=0.004). The median time to
complete healing in the silver-foam group was 15 (7~30) days,
and in the porcine xenograft group 20.5 (11-42) days (p = 0.010).
When all children with burns of more than 10% TBSA and 20%

TBSA were excluded, the significant differences remained. (For
97% healing and exclusion of TBSA>10% p=0.0266, for
TBSA >20% p=0.0130) For 100% healing and exclusion of
TBSA >10% p=0.045, for TBSA >20% p =0.034).

4.2. Secondary outcomes

Outcomes for pain including the PPPM diary, pain medication,
and FLACC scores were similar between groups (Figs. 3-5 and
Supplementary Table 3). The PPPM diary was used by 16 in the
porcine xenograft group and 14 in the silver-foam group.
FLACC scores were all low, and the median scores for all
occasions in both groups were zero.

Outcomes for Need for operation, Infection (and antibiotic use)
and Duration of hospital stay were similar in the two groups
(Table 2).

Four children in the porcine xenograft group underwent
operation, as did two in the silver-foam group. Operations were
done atsix days, 14 days (n=2), 15 days (n=2), and 20 days after
injury. All six operations received split-thickness skin grafting.

Infection was diagnosed in nine children in the porcine
xenograft group and 10 in the silver-foam group. The most
common bacteria that was found in swabs from wounds
within the first week after injury was Staphylococcus aureus,
which was found in 86% of all swabs (50/58). Antibiotics were
prescribed for 11 children in the porcine xenograft group and
12 in the silver-foam group. The reasons for antibiotic
treatment, other than wound infection, were: upper airway
infection (n=1), pneumonia (n=1), prophylaxis (n=1), and
group A streptococcus (n=1) (clinical routine to treat).

Regarding body temperatures and CRP levels there was no
significant difference between groups at any analysed time
point (Table 3).

The duration of hospital stay was short in both groups;
median time spent in hospital was 2 days for the porcine
xenograft group and three in the silver foam group.

The Number of dressing changes and time spent by staff on
dressing changes were significantly less in children who had
silver-foam dressings (p=0.03 for both variables) (Table 2).

4.3.  Exclusion and lost to follow-up

Twelve children were excluded, the most common reasons
being that their guardians disapproved of the substance used

Table 1 - Details of the patients by dressing treatment.

Porcine xenograft Silver-foam dressing (n = 28) p value
(n=30)
Sex (M/F) 19/11 16/12 0.630
Age (months): 21 (11-59) 17 (8-35) 0.175
Weight (kg) 13 (9-18) 12 (10-15) 0.326
Previous illnesses 6" 4° 0.732
TBSA%: 5 (3-22) 5 (2-8) 0.450
Superficial dermal 5 (3-13) 5 (2-8) 0.585
Deep dermal 0.5 (0-3) 0 (0-3) 0.089

Data are number, or median (10-90 centiles).
# Food allergies, croup (cough), asthma and haemangioma.
® Food allergies, lipoma, club foot, and asthma.
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in the dressings (porcine or silver), or that burns were more
than 72h old at admission, or heavily contaminated meaning
that they needed an antibacterial dressing.

All children included were followed up until the wound had
healed completely. Two children were referred to another

hospital and the receiving physician was informed of the study
so that it could be completed using photographs and scanned
copies of the case report form. In one case the child had
influenza and could not come to the last follow-up, so the
record was finalised using photographs.
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Table 2 - Secondary outcomes.

Porcine xenograft Silver-foam dressing p value
Operations 4 2 0.671
Infection 9 10 0.643
Antibiotic use 11 12 0.630
Duration of hospital stay (days) 2 (0-13) 3 (0-8) 0.944
Number of dressing changes 5 (9) 4 (3-8) 0.031
Dressing time (minutes) 20 (10-50) 20 (10-30) 0.030

Data are number, or median (10-90 centiles).

Table 3 -Details of the body temperature and CRP levels by

dressing treatment.

Porcine Silver-foam p
xenograft dressing value’
Body
temperature
Day 0-2 (after 37.3 (36.2-38.4) 37.5 (36.8-39.0) 0.423
injury)
Day 3-5 37.5 (36.6-39.1) 37.6 (36.4-39.9) 0.960
Day 6-8 37.2 (36.4-38.2) 37 (36.1-37.6) 0.216
CRP levels
Day 0-2 (after 6.5 (2-66) 5(2-57) 0.825
injury)
Day 3-5 12 (2-92) 21.5(2-93) 0.630
Day 6-8 7(2-84) 2(2-83) 0.162
Day 9-11 2(5-23) 2(2-7) 0.078

Data are number, or median (10-90 centiles).
" All p values remained non-significant when using student t-test.

No adverse events happened during the trial.

5. Discussion

This is, to our knowledge, the first prospective, randomised,
comparison of porcine xenograft and silver-foam dressings for
the treatment of partial-thickness scalds in children.

The silver-foam dressing showed itself to be superior in
“time to healing”, and it also reduced the time needed for
dressing changes compared with the porcine xenograft. These
results are consistent with other studies of silver-foam
dressings which have reported similar healing times and
shorter healing times with faster and easier dressing changes
and less frequent dressing changes than controls [28,36-38].

The clinical importance of the difference in dressing
frequency could be discussed. Median number of dressing
changes was five in the porcine xenograft group and four in
the silver foam group. The clinical routine is to initially
change dressing two times a week which probably reflects
the minor difference seen between the two groups. As the
silver foam dressing can be left in place for up to 7 days a
stricter protocol for this study could have been applied.
Fewer dressing changes results in less disturbance of the re-
epithelialization process and possibly even faster wound
closure for the silver foam group.

5.1. Pain

There was no difference in reported pain at any time point.
Consistently low pain scores were given on the FLACC before,
during, and after dressing changes, which indicated that both
dressings had pain-relieving properties. The analgesic effect of
both dressings has been reported earlier [36,38]. The low
FLACC scores during and after dressing changes probably
reflect the effect of the sedation, as we used both sedatives and
strong adjuvant analgesics, which resulted in calm and
satisfied children [39]. Severe pain and distress has been
reported in settings were sedation is not used for dressing
changes in children with burns [40,41].

As children were sedated with different methods (the vast
majority being rectal sedation though), no conclusions can be
drawn regarding pain during dressing change.

Time elapsed after injury results in lower median amounts
of PPPM and pain medication given (Figs. 1-3), which probably
reflects the normal healing course of partial thickness burns,
and not the effect of the dressings.

5.2. Wound infection and the effect of silver

There is an ongoing debate among burn centres about the
definition of “wound infection”, and we decided that the
diagnosis would follow the clinical guidelines described in the
Methods section. It was noticeable that there seemed to be no
reduction in infection with the use of silver.

The antimicrobial properties of silver have been recognised
for a long time even though the mechanism of action is still
debated [42]. Silver in its ionised form has broad-spectrum
activity against micro-organisms and the silver ions are
thought to interact with the cell membrane and disrupt cell
replication by binding to bacterial DNA and interfering with
the transport of bacterial electrons [43]. In vitro studies have
indicated that dressings that contain silver will block bacterial
entry from the external environment, retain bacteria in the
dressing, and effectively eliminate some of the most common
bacteria seen in burns that include S aureus,Pseudomonas
aeruginosa, Enterobacter cloacae, Acinetobacter baumannii, and
Escherichia coli [43-47].

We know of little in vivo evidence of the infection-reducing
effect of silver, and systematic reviews and Cochrane reports
have concluded that dressings that contain silver have not yet
been proved to prevent wound infection in safe and un-biased
ways [48,49], which is in line with our results. As the use of
silveris debated bothin hospital and in general, further studies
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to compare polyurethane foam with and without silver are
required.

It is possible that the fast healing seen in the silver-foam
group could potentially be related to other properties of the
dressing, such as appropriate control of exudate, and minor
stress of the wound bed seen with Safetac”, a soft type of
silicone adhesive in the product. Itis said to prevent epidermal
loss and pain, and has therefore been suggested for the
treatment of partial thickness burns in recent studies in
children [28,37].

5.3. Clinical routines for taking care of the children

Our routine is to discharge the children as soon as possible
without compromising their safety. Well-adherent dressings
with minimal effortby staff are two of theimportant factors that
contribute to our short duration of hospital stay. Rectal sedation
is another factor that contributed to early discharge. As is our
usual clinical routine, all dressing changes were done by the
same small group of experienced and specially-trained nurses.
This enabled fast, safe, and effective care of the burned child.

As mentioned earlier the protocol in our burn centre does
not apply dressings to fascial burns. However, the use of open
treatment with creams/ointments instead is the method of
choice. Since a report on permanent mesh patterns in facial
burns was published in 2002 our centre does not apply porcine
xenograft for this area [S50] Attempts has been made at the
centre to apply other dressings in children facial burns, such as
foam dressings, with poor results. With the introduction of the
age-adapted Tubifast” garments vests, tights and gloves
(Molnlycke Health Care, Gothenburg, Sweden) fixation in
more difficult areas such as armpits or groins and hands has
become easier. Burns to the genitalia according to the protocol
in our centre are treated using open treatment strategy, no
children in this study was presented with genital burns.

One aspect that we have not discussed is the final scar. All
children in this study were scheduled for 6, and 12 months
follow-up of the scar, which will be presented separately.

5.4.  Limitations of the study

The study has some limitations. Depth of burn and TBSA%
were assessed clinically by different burn surgeons, which
risks it not being done in a standardised way. Future studies
should involve the consistent use of objective assessments,
such as laser speckle contrast imaging (LSCI), which is already
in use for research at our centre [51-53], or software programs
such as BurnCase 3D, which enables more objective calcu-
lations of TBSA from digital images [54] to improve diagnostic
precision and comparability of groups.

We have previously used wound tracing as a part of the
assessments of the time to complete healing [10], and the use of
the Visitrak” system has often been suggested by other authors.
Both methods involve direct contact with the wound bed and
rely on the accuracy of “tracers” to draw outlines of wounds [55].
However, as scalds are irregular and located on both concave
and convex surfaces, these methods could not be used in a
satisfactory way. Attempts to use the Visitrak" system have
been made in a similar study on burns in children, but because
of pain, and the child’s movement, 22% of the measurements

were incomplete and the estimation of healing that was given
by thetreatingconsultant was used for the analysis instead [37].

“Blinding” was not possible in this study because of the
nature of the porcine xenograft. This might also have
introduced bias to the study as it could be argued that
physicians may assess a product for which they had a
particular liking or were familiar with differently. As the
attending nurse also needed to agree on the assessment of
healing this bias may have been reduced.

No cost analysis was made because of difficulties in
specifying the actual costs. A certain number of dressings for
each group cannot be predicted, because healed areas do not
require any dressing, and as the dressings are in limited sizes
only parts of them may be used and the rest discarded. Porcine
xenograft is available at our centre in two sizes; 8cm x 30cm
and 17 x 46cm, with a cost/cm? of US$ 0.43 and US$ 0.26,
respectively. According to the clinical routine, porcine xeno-
graftisapplied only once and dressed with Dermanet” (US$5.93
/unit) and Kerlix" (US$ 1.83/unit) which adds US$ 7.76 to each
dressing change. The silver-foam dressing is available in sizes
from 10cm x 10cmupto 20 cm x 50 cm ata cost of US$0.05 /cm?
andis changed at all visits to be able to estimate wound healing.
As we do not know the exact burn size in cm? at all visits we
cannot calculate the actual cost.

6. Conclusion

We have compared two different dressings for burns (silver-foam
and porcine skin) in children with partial-thickness scalds. The
primary endpoint (healing time) as well as secondary endpoints
(number of dressing changes and time taken for dressing
changes) favoured the silver-foam dressing. We found no
differences in pain, duration of hospital stay, or rates of infection
between dressings. Further studies of long-term differences in
outcome (such as scarring) are ongoing.
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