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The management of severe burns requires the suppression of bacterial growth, particularly
when eschar and damaged tissue are present. For such cases, silver sulfadiazine (AgSD)
cream has been traditionally applied. This antibacterial cream, however, cannot be used in
conjunction with a temporary wound dressing that is needed to promote healing. The authors
developed a synthetic wound dressing with drug delivery capability for clinical use by impreg-
nating a poly-L-leucine spongy matrix with AgSD, which is released in a controlled, sustained
fashion. In general, the dressing adhered firmly to the wound in the case of superficial sec-
ond-degree burns, and during the healing process it separated spontaneously from the re-
epithelialized surface. In the management of deep second-degree burns where eschar and
damaged tissue were present, the dressing had to be changed at intervals of 3 to 5 days until
it adhered firmly to the wound. Once the dressing had firmly attached to the wound, it was
left in place until it separated spontaneously from the re-epithelialized surface. Dressing
changes were fewer than with other treatments and the pain was effectively reduced. Cleansed
wounds were effectively protected from bacterial contamination. Of 52 cases treated with this
wound dressing, 93% (14/15) of superficial second-degree burns, 75% (3/4) of deep second-
degree burns, 85% (6/7) of superficial and deep second-degree burns, and 75% (12/16) of

split-thickness skin donor sites were evaluated as achieving good or excellent resuits.

INTRODUCTION

Many types of temporary wound dressings have been de-
veloped, both nonmedicated and medicated, and some
have been successful clinically.'* Commercially available
synthetic wound dressings consisting of a polyurethane
membrane are capable of minimizing evaporative water
loss from the wound and preventing bacterial invasion and
thus are useful in the management of superficial second-
degree burns. They are of no use, however, in the treat-
ment of deep second-degree and third-degree burns.
The ideal structure of a bilaminate dressing consists of
an outer membrane and an inner three-dimensional matrix
of fabric or sponge. The outer membrane prevents body
fluid loss, controls water evaporation, and protects the
wound from bacterial invasion; the inner matrix encour-
ages wound adherence by tissue growth into the matrix.
One such dressing developed by Woodroof? is Bio-
brane®, a silicone membrane, bonded to a nylon fabric,
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with a small amount of collagen peptide. The silicone
membrane functions as a barrier, controlling evaporative
water loss and preventing bacterial invasion; the nylon
fabric provides a rough surface that promotes tissue in-
growth and adherence. Another example developed by
Yannas and Burke”™ is a biosynthetic bilaminar wound
dressing composed of a silicone membrane and a colla-
gen-GAG spongy matrix. Although the silicone mem-
brane can effectively control water loss from a superficial
second-degree burn, it cannot control water loss from
deep second-degree and third-degree burns (a loss esti-
mated to range from 3500 to 4500 g/m?*/day'?).

In the management of deep second-degree or third-
degree burns, the drainage of exudate must be taken into
account. Therefore, the silicone membrane must be made
porous, yet its integrity must be maintained to prevent
bacterial invasion. To resolve this inconsistency, the con-
cept of the drug delivery system has been introduced to
burn care, and antibacterial drug-impregnated wound
dressings are proving effective in controlling bacterial in-
vasion even through a porous matrix (Fig. 1).

Several such wound dressings have been developed.
One is an AgSD-impregnated porcine skin that has a
meshlike structure capable of suppressing bacterial growth
and preventing exudate buildup."'™"* Another type is an
AgSD-impregnated polymer gel composed of poly-2-
hydroxyethylmethacrylate (poly-HEMA) and polyethyl-
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Figure 1. Functions of the wound dressing with drug-delivery
capability.

englycol containing a small amount of dimethylsulfoxide
and with a fabric backing (DIMAC).*

The present paper focuses on the development of a
synthetic wound dressing with a drug delivery capability
and reports on a clinical evaluation of this wound dressing.

MATERIALS AND METHOD

The authors’ wound dressing consists of a hydrophobic
poly-L-leucine spongy matrix impregnated with AgSD,
which is released in a sustained fashion. The proportion
of AgSD in the wound dressing is 0.4 mg/cm’, to provide
adequate support for testing its efficacy, a fine nylon
mesh was incorporated as a middle layer of the matrix.
This type of wound dressing has been shown to suppress
bacterial growth in an in vitro test and in tests of experi-
mentally infected animals."™'® The dressing was packaged
and sterilized in sealed bags and stored at room tempera-
ture before testing on burn patients.

The protocol governing the use of this wound dressing
is substantially the same as that for commercially avail-
able wound dressings. For partial-thickness burns, the
dressing was applied directly to the wound and secured
with sterile gauze. Twice a week the gauze was changed
and the dressing was examined for absorption of exudate,
drying, and adherence to the wound bed.

The wound dressing was left in place until it separated
spontaneously from the re-epithelialized surface. In cases
where the wound dressing did not adhere to the wound—
for whatever reason, including cases of eschar and/or
damaged tissue—the dressing was changed 3 or 4 days
after application. When infection was present, the dress-
ing was changed at intervals of 2-3 days, until it adhered
firmly to the wound. Adherence is an indicator that the
bactericidal properties of the dressing are having a bene-
ficial effect. In severe burn cases manifesting necrotic
skin, all eschar and damaged tissues were removed by
chemical, mechanical, or surgical debridement before ap-
plication of the wound dressing.

CASE REPORTS

Case 1

A 21-year-old male received a superficial second-degree
burn of the right hand from a gasoline flame. Initially,
he was treated with a commercially available 1% AgSD
cream in an emergency room; he was referred to the
authors 2 days later. A broken blister from the burn was
removed, and the burn area was gently cleansed before an
AgSD-impregnated wound dressing was applied and se-
cured with sterile gauze to absorb exudate [Fig. 2(a-c)].
Three days later, the sterile gauze left was changed.
Seven days after start of treatment, the wound dressing
was changed. Except for a small area, the wound was
found to be healing well, and a new AgSD-impregnated
wound dressing was applied for another 7 days. This sec-
ond dressing adhered firmly to the wound and subse-
quently fell off 14 days after application [Fig. 2(d-e)].
The wound was found to be completely healed. One
month later, the patient had no problems with his motor
movements and showed no scarring.

Case 2

A 22-year-old male received a superficial second-degree
burn of the right foot from hot water. A broken blister
from the burn was removed, and the burn area was gently
cleansed before an AgSD-impregnated wound dressing
was applied and secured with sterile gauze [Fig. 3(a-b)].
Three days later, the sterile gauze was changed. The
wound dressing adhered firmly to the wound and subse-
quently fell off 9 days after start of treatment [Fig. 3(c)].
The wound was found to be completely healed.

Case 3

A 2-year-old male received a superficial second-degree
burn of the right knee from hot water. The wound area
was gently cleansed before the application of an AgSD-
impregnated wound dressing and a commercially avail-
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Figure 2. Case 1. A 21-year-old male received a superficial second-degree burn of the right hand
from a gasoline flame. (a), (b) The burn area was cleansed; (c) the wound was covered with an
AgSD-impregnated wound dressing; (d), (e) the wound was healed 14 days after application.

able lyophilized porcine skin as a half side test [Fig. 4(a)].
Sterile gauze used to secure both wound dressings and
absorb exudate was left on and changed 3 days later.
Six days after start of treatment, although the AgSD-
impregnated wound dressing had adhered firmly to the
wound, the porcine skin was partially dissolved [Fig. 4(b)].
A second AgSD-impregnated wound dressing was applied
on the wound surface and secured with sterile gauze.
This wound dressing was left on the wound until it fell off

spontaneously and the wound was found to be completely
healed 19 days later [Fig. 3(c)].

Case 4

A 37-year-old female received a deep second-degree burn
from hot oil that involved most of the first webspace of
the right hand. She initially had been treated with an
ointment and gauze dressing at another hospital before
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Figure 3. Case 2: A 22-year-old male received a superficial second-
degree burn of the right foot from hot water. (a) The burn area was
cleansed; (b) the wound was covered with an AgSD-impregnated
wound dressing; (3) the wound was healed 9 days after application.

being referred to the authors 3 days later after experienc-
ing considerable pain. The wound was gently cleansed,
and an AgSD-impregnated wound dressing was applied
and secured with sterile gauze. Application of the dress-
ing immediately helped alleviate the pain. The gauze was
changed 3 days later [Fig. 5(b)], and the initial wound
dressing was changed 7 days after application. The dress-
ing had adhered firmly except in a small area of the web-

@
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Figure 4. Case 3. A 2-year-old male received a superficial second-
degree burn of the right knee joint from hot water. (&) The burn area
was cleansed; (b) each half of the wound was covered with an AgSD-
impregnated wound dressing and lyophilized porcine skin; (c) the
wound was healed 19 days after application.

space. A second AgSD-impregnated wound dressing was
applied and secured with sterile gauze. This wound dress-
ing was left on the wound until it fell off spontaneously;
by that time (4 weeks postinjury) the wound had com-
pletely healed [Fig. 5(c)]. Healthy re-epithelialization was
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Figure 5. Case 4: A 37-year-old female received a deep second-
degree burn of the right hand from hot oil. (a) The burn area was
cleansed; (b) the wound was covered with an AgSD-impregnated
wound dressing; (c) the wound was healed 25 days after application.

seen, and the patient had no problem with her hand
movements and showed no scarring.

Case 5

A 3-year-old male received a deep second-degree burn of
the right calf from hot water, resulting in a small area of
necrotic skin. He was initially treated with 1% AgSD

©

Figure 6. Case 5: A 3-year-old male received a deep second-degree
burn of the right calf from hot water. (a) The wound area was
cleansed; (b) 2 weeks after application, the wound appeared to be
healing slowly; (c) the wound was healed 6 weeks after application.

cream in an emergency room before being referred to the
authors 5 days later [Fig. 6(a)]. After gentle cleansing of
the wound, an AgSD-impregnated dressing was applied
and changed at intervals of 3-5 days until the dressing
had adhered firmly to the wound [Fig. 6(b)]. At this
point, 2 weeks after start of treatment, the wound ap-
peared to be healing slowly; consequently, the wound
dressing was changed at intervals of 5-7 days thereafter.



158 KUROYANAGI ET AL.

The sterile gauze was changed twice a week. Four weeks
after start of treatment, the wound had healed except for
a small area. At 6 weeks, the wound had completely
healed and manifested a moderate pigmentation change
but healthy re-epithelialization [Fig. 6(c)]. The wound
dressing was no longer needed, although a pressure dress-
ing was continued.

Case 6

A 60-year-old female received a third-degree burn to
the right thigh from a fire. Initially, she was treated with
1% AgSD cream for 10 days; at the end of this period,
the necrotic skin had been debrided and a mesh autograft
was applied. Owing to infection, the autograft did not
take, and so the wound was again debrided and covered
with an AgSD-impregnated wound dressing. This dress-
ing was left in place for 1 week in an attempt to free
the wound bed from infection before applying a second
autograft; the sterile gauze securing the wound dressing
was changed twice during that week. After autograft-
ing [Fig. 7(a)], the mesh autograft was covered with an
AgSD-impregnated wound dressing and sterile gauze
to suppress bacterial growth [Fig. 7(b)]. This wound
dressing was removed 8 days after autografting, at which
time the mesh autograft was noted to be taking well
[Fig. 7(c)]. An AgSD-impregnated wound dressing was
again applied to the wound and secured with sterile
gauze for another 7 days, at which time the wound
showed healthy re-epithelialization.

Case 7

A 57-year-old female had a third-degree ulcer to the
sacrum. She initially had been treated with an ointment
and gauze dressing at another hospital before referred to
the authors. Owing to infection, wound care had been
very difficult. The wound was gently cleansed, and an
AgSD-impregnated wound dressing was applied and
secured with sterile gauze [Fig. 8(a,b)]. The wound
dressing and the gauze were changed at interval of 2-
3 days until exudate buildup beneath the wound dressing
was effectively reduced. Two weeks after start of treat-
ment, the wound was found to be free from infection, and
accumulation of exudate was not observed. After then,
the wound dressing was changed at interval of 5-7 days.
Eight weeks after start of treatment, the wound was
found to be completely healed [Fig. 8(c)].

Case 8

A 62-year-old female had a third-degree ulcer to the
sacrum. She initially had been treated with an ointment
and gauze at another hospital before referred to the
authors. Owing to excessive accumulation of exudate,
the dressing had been changed twice a day. The wound
was gently cleansed, and an AgSD-impregnated wound

Figure 7. Case 6: A 60-year-old female received a three-degree burn
to the right thigh from a fire. (a) Second mesh autograft was applied;
(b) the mesh autograft was covered with an AgSD-impregnated
wound dressing; (c) the mesh autograft was noted to be taking weil.

dressing was applied and secured with sterile gauze
[Fig. 9(a,b)]. After 3 weeks of treatment, during which
time the wound dressing was changed at interval of 2—
3 days, accumulation of exudate was effectively reduced.
After then, the wound dressing was changed at interval of
5-7 days. Eight weeks after start of treatment, the wound
conditions were found to be much improved [Fig. 9(c)];
subsequently, an autograft was applied.
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Figure 8. Case 7: A 57year-old female received a third-degree ulcer
to the sacrum. (a) The wound area was cleansed; (b) the wound was
covered with an AgSD-impregnated wound dressing; (c) the wound
was healed 8 weeks after application.

RESULTS

Clinical results were evaluated as excellent, good, or bad
by considering efficacy in promoting wound healing, exu-
date buildup beneath the wound dressing, adherence
to wound bed, frequency of wound dressing changes,
and pain reduction. In the 52 cases treated with the

©

Figure 9. Case 8: A 62-year-old female received a third-degree ulcer
to the sacrum. (a) The wound area was cleansed; (b) the wound was
covered with an AgSD-impregnated wound dressing; (¢) the wound
conditions were much improved 8 weeks after application.

authors’ wound dressing, 93% (14/15) of superficial
second-degree burns, 75% (3/4) of deep second-degree
burns, 85% (6/7) of superficial and deep second-degree
burns, and 75% (12/16) of split-thickness skin donor sites
were evaluated as achieving good or excellent results
(Table I). Commercially available wound dressings, in-
cluding lyophilized porcine dermis (Alloask D, Kohtai
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TABLE I. Results of Clinical Cases Using an AgSD-Impregnated
Wound Dressing

Type Excellent - Good Bad Exceptions Total
SDB 8 6 0 1 15
DDB 0 3 1 0 4
SDB & DDB 1 5 1 0 7
DB 0 1 0 0 1
Mesh-graft* 1 2 0 0 3
Donor 6 6 4 1 17
Full-thickness 1 0 1 0 2
Split-thickness 1 0 0 0 1
Deep ulcer 2 0 0 0 2
Total 20 23 7 2 52

SDB, superficial dermal burn; DDB, deep dermal burn; DB, dermal burn.
*Covered with mesh graft.

Kasei, Japan), collagen nonwoven dressing (Meipac®,
Meiji, Japan), and chitin nonwoven dressing (Beschitin-
WHR, Unitika, Japan) served as controls. In severe burn
and ulcer cases manifesting infection, controls were not
tested, inasmuch as at the time of testing, commercially
available wound dressings had no antibacterial properties.

In the application of the AgSD-impregnated wound
dressing, frequency of wound dressing change was eventu-
ally decreased and pain effectively reduced. This wound
dressing had proven quite effective for the management
of burn injuries. In the management of severe ulcers, the
AgSD-impregnated wound dressing promoted reconstruc-
tion of granulation tissue and suppressed bacterial
growth, thereby encouraged wound healing.

The AgSD-impregnated wound dressing reported
herein was made available commercially in October 1991
in Japan (Epicuel®, Nippon Zeon, Japan).

DISCUSSION

In patients with massive burn wounds, it is not always
possible to achieve immediate closure of the wound by
autografting. In such cases, excision of the burn wound is
routinely followed by coverage with a temporary wound
dressing or homograft. In Japan, however, where homo-
grafts are not readily obtained because donor sources are
limited and a skin bank has yet to be established, tempo-
rary wound dressings must be used until previously har-
vested donor sites have re-epithelialized for reharvesting.
Temporary wound dressings also have proven useful in
allowing partial-thickness wounds to re-epithelialize. Al-
though certain commercially available wound dressings
are effective in inhibiting further water loss and promot-
ing burn wound healing, if infection is present, the bene-
ficial effects of these wound dressings are limited.

To overcome these limitations, the authors focused on
developing a wound dressing that could provide the fol-
lowing capabilities:

1. Inhibition of water loss through evaporation.

2. Inhibition of body fluid loss.

3. Promotion of drainage and prevention of exudate
buildup.

4. Protection from external contamination.

5. Sufficient bactericidal effect to inhibit infection.

6. Preparation of an optimum wound bed for autograft-
ing.

In treating severe burns with necrotic tissue, the most
important issue is suppression of bacterial growth. Anti-
bacterial drugs impregnated into the wound dressing have
been shown to provide potent bactericidal effect when the
dressing is directly applied to the wound. To enhance the
efficacy of this approach, however, the bacteriacide must
be released in a controlled, sustained manner. Because
release rate depends largely upon the physical-chemical
properties of the matrix, selection of a suitable matrix is
paramount. Because an impregnated drug is released
more rapidly from a hydrophilic matrix than from a hy-
drophobic matrix, a hydrophobic matrix makes it possible
to extend the period of drug release and thus sustain its
antibacterial action. On the basis of its inherent proper-
ties, we therefore decided to use hydrophobic poly-L-
leucine as the matrix for our dressing.

DIMAC" is composed of hydrophilic synthetic poly-
mers, poly-2-hydroxyethylmethacrylate (poly-HEMA)
and polyethylenglycol. Therefore, AgSD-impregnated
polymer gel dressing,'*"" does not appear to be suitable
for a controlled, sustained drug release. Another com-
mercially available wound dressing with a drug delivery
capability is AgSD-impregnated porcine skin,''™* which
uses a matrix of biological origin that is regarded as being
hydrophilic.

In addition to the physical-chemical properties of the
matrix, such other factors as biodegradability and histo-
compatibility must be taken into consideration in devel-
oping an ideal wound dressing. Some kinds of synthetic
materials present no problems with histocompatibility,
and certain poly(a-amino acid) can be designed to have
no such problems. Thus poly-L-leucine was selected for
the matrix of our wound dressing also on the basis of its
molecular design.

In a previous paper by the authors® using animal
experimentation, data on the value of a nonmedicated
poly-i-leucine wound dressing were shown, wherein
commercially available wound dressings like Alloask®,
Meipac®, vaseline gauze (Sofratulle®, Roussel, England),
and Biobrane® (Woodroof Lab., Inc., U.S.A.) served as
controls.

Clinically, the drainage of the exudate is also very im-
portant, especially in the management of severe burns
where necrotic tissue is present, since an accumulation of
exudate beneath the dressing promotes bacterial growth.
Therefore, our wound dressing was designed to have
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small pores throughout the spongy matrix, thereby elimi-
nating exudate buildup.

The poly-1-leucine spongy sheet was designed to be
very soft, so as to ensure adherence to irregular wound
surfaces. A fine nylon mesh was incorporated as a middle
layer in the wound dressing to provide adequate mechani-
cal support, thereby improving manipulation in clinical
application.

In the management of severe burns with necrotic tis-
sue, the application of 1% AgSD cream is a traditional
therapy,”* although this antibacterial cream cannot be
used in conjunction with a wound dressing because when
applied beneath the wound dressing it inhibits the adher-
ence of that dressing to the wound bed. It has recently
been established that 1% AgSD cream in fact inhibits
epithelial growth and may even result in cell death.'™*
Therefore, a hydrophobic wound dressing that releases
AgSD in a controlled, sustained manner is more effective
for both inhibiting bacterial growth and promoting heal-
ing. The antibacterial properties of this type of dressing
are effective in decontaminating even grossly infected
wounds and in protecting clean wounds from adjacent
infected areas and/or external infection. This wound
dressing is especially useful in treating deep burns. The
extended bactericidal effect of this dressing permits heal-
ing by epithelialization from the wound edges in certain
cases where autografting would previously have been re-
quired. Should autografting still be necessary, the wound
dressing can ensure the preparation of an optimum
wound bed.

In the management of severe ulcers with contaminated
and/or damaged tissue, application of an ointment and a
gauze dressing is the traditional therapy. Such dressings
have to be changed twice a day. By contrast, the authors’
AgSD-impregnated wound dressing requires less frequent
dressing changes, thus making it preferable in the man-
agement of troublesome ulcers.
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