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Debridement method
optimisation for treatment
of deep dermal burns of
the forearm and hand

ABSTRACT

Introduction

Surgical debridement of marginal deep dermal
burns of the forearm and hand frequently is too ag-
gressive to residual healthy skin. Additional opera-
tion is needed - split thickness skin grafting. Donor
site complications should be taken in considera-
tion, also transplanted skin rejection and ulceration.
Therefore, clinical trials should be targeted to assess
effectiveness of alternative debridement methods.

Materials and Methods

Our team performed a randomised, controlled,
parallel-group clinical trial designed to compare
enzymatic, mechanical, and autolytic debridement
methods for the treatment of deep dermal burns of
the forearm and hand. Laser Doppler Imaging (LDI)
performed on the third day post-burn, was used to
predict burn wound healing time. Patients who LDI
predicted burn wound healing time of no more than
three weeks, were included in the study. For the first
(control) group received standard treatment - dress-
ings with 1% silver sulphadiazine cream. The second
patient group was treated with hydrocolloid dress-
ings to promote autolytic debridement. The third
patient group received a combination treatment -
dressings with silver sulphadiazine and mechanical
debridement using special single-use monofilament
polyester fibre pads. The fourth group was treated
with application of enzymatic dressings. The treat-
ment period for each patient was 3 weeks, which
was followed by assessment at 6 months to evaluate
post-burn scars.

Results

There were 82 patients with deep dermal burns of
the forearm and hand included in the trial, with a
minimum of 20 patients in each treatment group.
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The fastest burn wound healing was observed in the
patient group treated with hydrocolloid dressings.
Furthermore, the quality of scars according to the
Vancouver Scare Scale (VSS) and return of function
of the injured extremity according to Disabilities of
the Arm, Shoulder and Hand Outcome Measure
(DASH) also were the best for the hydrocolloid
dressings group.

Conclusion

Accelerated autolytic debridement is an effective
method for treatment of deep dermal burns of the
forearm and hand and hypertrophic scar preven-
tion in patients with LDI prediction of burn wound
healing of less than 3 weeks.

INTRODUCTION

There is concrete scientific evidence that nonvi-
able, necrotic cells and tissue debris should be
removed from the surface of burn wounds to pro-
mote healing, because biochemical changes in the
damaged tissues may affect the process of wound
healing, leading to systemic complications, which

in turn, can become chronic!-2.

Timing of debridement is also very important in
burn wound management. Several clinical trials
demonstrated the advantage of early debridement
after 3—5 days post-burn and grafting compared
to conservative management after 2—3 weeks and
final skin grafting®. Early debridement could re-
duce the average length of stay in the hospital and

even the mortality rate of burn patients®”7.

However, surgical excision of partial thickness
burns should be performed qualitatively. If the
wound bed has the potential for fast epitheliali-
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sation, conservative wound management can reduce the
overall need for skin grafting in selected patients and the
associated hospital costs®11.

The acceptable time limit for burn wound self-epitheliali-
sation is approximately 3 weeks. Several scientific reviews
have reported that burn wounds that took longer than
21 days to heal posed a high risk of hypertrophic scar
development of nearly 80%!'%13.

Traditional treatment of burns capable of healing within
2-3 weeks, such as superficial and partial thickness burns,
is to manage the burn with non-operative local wound care
including debridement and dressing changes, and aggres-
sive range of motion exercises!4!3. Partial thickness burns
can be tangentially excised and covered with a temporary
skin substitute!®!”. However, there is no strong consen-
sus on which topical antimicrobial agent or dressing is
optimal for burn wound coverage to prevent or control
infection 182, If wound healing cannot be achieved within
21 days, additional necrectomy and skin grafting should
be performed, especially in cases of burns of the forearm,

hand, and face.

Surgical debridement of burns of the forearm and hand is
specific because important and delicate structures are en-
cased within a relatively limited space in the dorsal aspect
and covered by skin without a thick subcutaneous layer.
The challenging shape of the hand and fingers and excel-
lent blood supply of upper extremity tissues should also be
taken into consideration!®. Surgical debridement reduces
the chance of burn wound self-epithelialisation but has a
high probability of serious complications, such as massive
bleeding, and microvascular and neurological damage?!.
Therefore, clinical trials should be targeted to alternative
selective debridement methods for the treatment of deep
dermal burns of the forearm and hand?2.

Laser Doppler Imaging

Proper initial burn treatment requires accurate burn de-
gree evaluation and healing time prediction. Burn severity
classifications are marked by characteristic changes in vas-
culature and blood flow?3. A perfect instrument for burn
severity evaluation is Laser Doppler Imaging (LDI), which
produces a colour-coded image of dermal blood flow to
quantify the inflamatory response in a burn and predict
burn wound outcomes and healing times with high ac-
curacy?>2%. An LDI result is described by perfusion units
(PU) and is defined by ranges for the three categories of
healing potential (HP):

HP 14 days: colour-coded pink and red, >600 PU;
HP 14-21 days: green and yellow, 260-600 PU;
HP >21 days: blue and dark blue, <260 PU.

Several studies have compared LDI and clinical assessment
to predict healing outcomes. These studies confirmed the
utility of LDI for assessing burn wound depth and showed
superior accuracy over clinical assessment?3%, The ac-
curacy of LDI for the assessment of burn depth was 95%
on the third day post-burn and 97% on the fifth day,
compared to 60-80% for established clinical methods?3-3°.

Materials and Methods

Our team performed a randomised, controlled, paral-
lel-group clinical trial designed to compare enzymatic,
mechanical, and autolytic debridement methods for the
treatment of partial thickness deep dermal burns of the
forearm and hand. The main inclusion criterion was LDI
prediction?® on the third day post-burn of no more than 3

weeks for burn wound healing (Figure 1).

Figure 1: LDI color imaging hand on the third day post-burn,
378PU.

The study took place in the Department of Plastic and
Reconstructive Surgery, Lithuanian University of Health
Sciences Kaunas Clinics, Lithuania. The clinical trial was
approved by the Lithuanianan Biomedical Studies Ethical
Committee and Lithuanian State Data Protection Inspec-
tion. The trial was registered in the ISRCTN registry (ID:
ISRCTN84005357).

There were four groups to which patients were randomly
assigned. The first (control) group received standard treat-
ment - dressings with 1% silver sulphadiazine cream® ap-
plied once daily.

The second patient group was treated with hydrocolloid
dressings® changed every 3 days to promote autolytic de-
bridement (Figure 2-4).

The third patient group received a treatment combination
- dressings with 1% silver sulphadiazine once daily and

mechanical debridement with special single-use monofila-
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Figure 2: Left hand 2B° burn, 94cm?, 378 PU  (hydrocolloid).
6 days post burn.

Figure 3: Left hand 2B° burn, 94cm?, 378 PU (hydrocolloid)
6 days post burn.

Figure 4: Left hand 2B° burn, (hydrocolloid) 6 months post burn.

ment polyester fiber padsd for first 4-5 days once daily
(Figure 5).

The fourth group was treated with application of a pro-
teolytic enzyme complex® on gauze dressings once daily.
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Figure 5: Mechanical debridement with single-use monofilament
fiber pad: before after.

Patients were treated for 3 weeks and assessed at 6 months
to evaluate the quality of post-burn scars according to
the Vancouver Scar Scale (VSS) and functional recovery
according to The Disabilities of the Arm, Shoulder and
Hand Outcome Measure (DASH; official Lithuanian
>

9
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translation). The VSS data for scar appearance and DASH
data for hand functionality provided a complementary
objective evaluation of post-burn scars.

We included in our study patients from 18 to 65 years
with deep (2°) partial thickness burns of the forearms
and hands. All participants agreed to participate in the
trial protocol and signed the consent form. Patients with
superficial and full thickness burns (according to clinical
and LDI burn wound prediction), patients with known
pregnancy (pregnancy test was performed for all female
patients), and vulnerable persons (psychiatric diagnosis,
confounding diseases) were excluded from the study.

Finally, 82 patients were selected and randomised into four
trial groups, each including a minimum of 20 patients.
Patients’ clinical condition and burn wounds were evalu-
ated after 3, 7, 14 and 21 days post-burn according to
the study wound assessment protocol. Burn wound size
was estimated by covering the wound with transparent
film and using a ruler to measure square centimetres.
Pain feeling was evaluated after 10 minutes according to
the pain Visual Analog Scale (VAS) after dressings were
changed. Clinical wound conditions, such as exudation,
erythema, fluctuation, local heat in the wound, sensibil-
ity on palpation, swelling, necrosis persistence, amount
of fibrin, appearance of granulation tissue, epithelialisa-
tion process, were evaluated for all wounds by the same
physician according to the study protocol measurement
parameters (percentage of whole wound area). During the
first evaluation, patients also were asked to complete the
DASH with the researcher’s assistance, because this time
was closer to the incident and it was easier for patients
to remember how much hand function they had before
the burn accident. Swabs were taken to identify wound
contamination after 3, 7, and 14 days post-burn using the
Levine method3!-32,

Autolytic debridement

with hydrocolloid dressings

Autolytic debridement describes the biochemical process
by which the wound naturally clears necrotic tissue in the
presence of endogenous phagocyte cells and proteolytic
enzymes. This process is promoted and strengthened by
maintaining a moist wound environment3334. Autolytic
debridement is the most selective compared to other meth-
ods of wound debridement?>.

Hydrocolloid dressings are used mostly to treat partial
thickness and full thickness skin wounds. They consist of
a moulded gel agent and a waterproof outer layer. The gel
layer forms an adhesion matrix that consists of an absor-
bent material like pectin, gelatine, or carboxymethylcel-
lulose?®. The inner layer of the dressing absorbs exudate

10

and turns into a gel. When the dressing’s moisture absorp-
tion increases, it becomes more permeable to water. This
feature shows the moisture transfer ability of the dressing
to control exudate in the wound?”.

The most important functions of hydrocolloid dressings
are the maintenance of a natural environment for wound
healing, promotion of autolytic debridement, control of
exudate, insulation and a barrier against microorganisms,
and pain control.

Hydrocolloid dressings should be changed every 3—5 days.
The dressing may be kept on a maximum of 7 days for
best results®S.

However, these bandages are not suitable for highly exuda-
tive or infected wounds because they are impermeable to
oxygen, which could lead to development of an anaerobic
infection in the wound. In addition, the adhesive compo-
nent of the dressing can be allergenic®.

Mechanical debridement with

monofilament polyester fibre pads

Special single-use padsc are intended for the debridement
of devitalised tissue, debris, and hyperkeratosis caused by
chronic and acute wounds. There is no need for analgesia,
and the process takes, on average, 2—4 minutes. The prod-
uct’s instructions recommend that emollients be washed
from the skin before treatment with this device. A new pad
is required for each separate area of skin being treated and
for large areas, more than one pad may be required4%4!.

There is still need for more evidence, but a num-
ber of smaller, prospective, pilot, non-comparative stud-
iesand case studies have suggested that using the de-
bridement pad on appropriate wounds will permit full
debridement more quickly, compared to other debride-
ment methods. In addition, the pad is convenient and
easy to use, and is well tolerated by patients. This product
is estimated to be a cost saving for complete debridement
compared to other methods such as hydrogel, gauze, and
bagged larvae#0-41
ing debridement have been reported*?.

, although some pain responses follow-

Burn wound treatment with silver sulphadiazine leads to
pseudoeschar formation, mostly during first week post-
burn; thus, the combination of silver sulphadiazine with
mechanical debridement can improve the ability to exam-
ine the wound surface, remove debris more quickly, and
promote epithelialisation.

Enzymatic debridement
During process of enzymatic debridement proteolytic en-

zymes hydrolyse peptide conjoins of collagen molecules
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and other proteins; therefore, dead tissue loses attachment
to the wound and is removed from the wound environ-
ment. Enzymatic debridement has a highly-selective mode
of action, is quite safe for the surrounding healthy tissues,
and therefore can be used in long-term care facilities and
even in outpatient departments#344,

In our study of burn wound debridement methods, we
used a local enzymatic product®. This proteolytic enzyme
complex was applied using gauze dressings to cover the
wound, and was performed once daily.

The enzyme complex is obtained from Streptomyces
flavus. Characteristics of the enzyme complex included:
proteolytic activity, no less than 5 u/cm? and collagenase
activity, no less than 1500 u/cm?>. The preparation was
stabilised with glycerine (ratio 1:1). Streptomyces flavus
is a non-pathogenic microorganism, assigned to Biosafety
Risk Group I. There is no evidence of illness in humans
from using this preparation®>. Upon contact with healthy
skin, the enzymatic collagenase preparation does not pro-

duce any irritation®.

Results
We included 82 patients with deep dermal burns of the
distal forearm and hand in the trial, with a minimum of
20 patients in each of the four groups to permit statistical
analysis.
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Patient demographics were similar between groups with
respect to the patients’ age, total burn wound area, spread
of burn cause, burn size, LDI burn depth evaluation, and
primary DASH score(p>0.05) .

The fastest rate of burn wound healing was observed in the
patient group treated with hydrocolloid dressings (n=20)
15.9 + 2.6 days compared to the control group (n=21)
19.8 £ 2.9 days, the treatment combination group (n=20)
19.3 + 2.5 days, and the enzymatic dressings group (n=21)
19.5 = 2.3 days (p<0.05) (Figure 6).

No difference was detected in pain VAS between groups
at 10 minutes after the dressing change procedure during
evaluations at 3, 7, 14, and 21 days post-burn [Figure 7].
Burn wound contamination was more common in the
hydrocolloid dressings group, but no significant difference
was found between groups and none of the patients was
excluded from the study because of burn wound infection.
The most common microorganism, detected by swabs,
was Staphylococcus aureus (methicillin-sensitive strains).
Necrotic tissue and wound debris were significantly re-
duced in the hydrocolloid dressings group because of the
induced autolytic debridement process (p<0.05) (Figure
8-9).

The amount of fibrin in burn wounds during evalua-
tion after 7 days post-burn was statistically higher in the

11
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control and treatment combination groups, most likely
due to silver sulphadiazine-induced pseudoeschar forma-
tion (p<0.05) (Figure 9). Mechanical debridement with
monofilament polyester fibre pads did not have a good
fibrin layer clearance effect, as we had prognosticated in
our study.

The epithelialisation process was statistically slower at
14 days for the enzymatic group (p<0.05); however, all
wounds had healed by 21 days (Figure 10).

The quality of scars evaluated at 6 months post-burn ac-
cording to the VSS and extremity function according to
the DASH mean scores were lowest (best scar outcome
and least disability, respectively) for the hydrocolloid dress-
ings group (1.36 and 1.6, respectively) compared to the
control group (4.19 and 16.3, respectively), the treatment
combination group (3.0 and 9.8, respectively), and the
enzymatic dressing group (4.85 and 11.0, respectively)
(Figure 11-12).

The difference in means of wound healing speed and VSS
between groups was statistically significant as determined
by ANOVA p<0.05. Moderate correlations were found
between fastest wound healing time and best VSS values
(R=0.51; p<0.01) and fastest wound healing time and
change in DASH at 6 months post-burn (R=0.5; p<0.01).

12

Figure 11

Conclusion

Comparison of enzymatic, mechanical, and autolytic de-
bridement in our clinical trial revealed that burn wound
healing was significantly faster, and scarring and limb
functional recovery were better in the hydrocolloid dress-

ing group.

Accelerated autolytic debridement with hydrocolloid
dressings was the most effective method for the treatment
of deep dermal burns of the distal forearm and hand and
prevention of hypertrophic scarring in patients with an
LDI healing prediction of less than 3 weeks.

All debridement methods we evaluated in our study had
positive effect on necrosis elimination from the wound
surface and promotion of burn wound epithelialisation.
During ordinary burn treatment, it is useful to change
debridement methods, if clinical examination shows that
debridement efficacy is insufficient or even harmful for
burn wound epithelialisation.
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FOOTNOTES

a.

All Laser Doppler images were captured with the
MoorLDLS2 Laser Doppler Line Scanner (Moor Instru-
ments, Devon, UK)

“Sulfargin”, Grindeks AS, Riga, Latvia

GranuFlex®, ConvaTec, Greensboro, NC, USA
“Debrisoft” Lohmann&Rauscher GmbH & Co,
Vienna, Austria

“Streptomyces flavus 197 Ferment”, Biocentras, LTU,
Vilnius, Lithuania
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