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Concerning the use of oil-based ointments for second-degree burns, there is only an expert
opinion,[138] and the evidence level is V1. There is one RCT showing the effectiveness of
trafermin for the treatment of second-degree burns,[139] and the evidence level is II.
Regarding tretinoin tocopherol, there is one double-blind RCT comparing it with bendazac in
patients with various skin ulcers including those caused by burns[140] and one non-blinded
RCT comparing it with lysozyme hydrochloride,[141] and the evidence level is II. However, no
details such as the depth of the burns are provided. Concerning bucladesine sodium, there is
one double-blind RCT each comparing it with the base and lysozyme hydrochloride in patients
with various skin ulcers including those caused by burns,[142, 143] and the evidence level is Il
However, no detailed description concerning the burns is provided. As for prostaglandin E1,
there is a non-blinded RCT comparing it with lysozyme hydrochloride in patients with various
skin ulcers including those due to burns,[144] and the evidence level is Il, but no detailed
information including the depth is provided about the burns, and the number of patients is
small. However, as tretinoin tocopherol, bucladesine sodium and prostaglandin E1 are rated
similarly to trafermin in the Guidelines for the Management of Pressure Ulcers, which are
similar chronic skin lesions, the recommendation levels of these topical agents were
determined similarly to trafermin on the basis of consensus of the committee. Concerning
lysozyme hydrochloride, there is one RCT comparing it with bendazac in patients with various
skin ulcers including those due to burns[145] and one case series study in patients with ulcers
due to burns,[146] and the evidence level is Il and V, respectively. However, the
recommendation level of the former was set at C1 because of the lack of detailed description
about the burns. Regarding aluminum chlorohydroxy allantoinate, there is a double-blind RCT
comparing it with the base in 62 patients with skin ulcers including those due to burns, erosion,
eczema and dermatitis,[147] but the recommendation level was set at C1, because there was
no detailed description or evaluation about the burns.

In second-degree burns, damage of the dermis is partial, and the selection of topical agents in
consideration of not only the antibacterial action but also wound healing is necessary. The
principle of topical treatment for wounds in general converges on protecting the wound surface
and maintaining a moist environment.[148] However, as it is difficult to accurately determine
the depth of burns early after injury, and as burns ranging from first-degree burns to DDB are
often mixed, topical agents to be used are difficult to specify. Therefore, oil-based ointments
may be used in the stage of initial treatment, but topical agents appropriate for the condition of
the wound surface must be selected as it becomes clear.

Ointments containing antibiotics (antibacterial agents) are oil-based ointments. While they may
be used for the protection of the wound surface and maintenance of the moist environment,
their use should be restricted to a short period, because their long-time use may invite the
development of resistant bacteria.

Akita et al. performed an RCT by randomizing 102 adults with second-degree burns into
trafermin and non-trafermin groups.[139] As a result, they reported that the time until cure was
significantly shorter in the trafermin group and that the elasticity and hardness scores of the
scar and moisture-retaining ability were all significantly higher in the trafermin group compared
with a control group consisting of 51 healthy volunteers. Komuro ef al. evaluated 32 patients
(including children) with second-degree burns conservatively treated using trafermin,
comparing those administrated the drug within 3 days and after 4 days or more after injury, and
reported that the mean number of days until epithelialization and cumulative cure rate were
both statistically superior in the group treated within 3 days.[149] Fujiwara ef al. evaluated 20
patients with fresh second-degree burns in whom treatment was initiated within 48 h after injury
by comparing those treated with trafermin and those treated with white petrolatum alone and
reported that the number of days until epithelialization was significantly shorter in the trafermin
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group.[150] Also, Shiozawa et al. performed a case—control study comparing 171 patients
with DDB (including infants and children) treated with trafermin and 53 historical controls
conservatively treated without trafermin[151] and reported that patients who showed
hypertrophic scarring were significantly fewer in the trafermin group.

Trafermin is a spray type liquid preparation, and it must be used with some topical agents or
dressing material to maintain a moist environment for burns. Recently, there have been reports
of the concomitant use of artificial dermis and intra-bulla injection,[152, 153] but no established
method has been proposed concerning the selection of the topical agents or dressing materials
to be used with these treatments.

A double-blind RCT comparing tretinoin tocopherol and bendazac has been performed in 152
patients with various skin ulcers including 44 with ulcers due to burns by the L-300 Clinical Trial
Group.[140] While there is no mention of the depth of burns or time after injury, granulation 1
week after the application of the test drugs was reported to be significantly better in the
tretinoin tocopherol group. There is also a unblended RCT comparing tretinoin tocopherol and
lysozyme hydrochloride in 217 patients with various skin ulcers including 36 with ulcers due to
burns, but no detailed description is provided concerning the depth of burns or time after injury,
and no significant difference was reported to be observed in the ulcers due to burns between
the two groups.[141]

Shinmura et al . performed double-blind RCT comparing bucladesine sodium and the base in
150 patients with pressure ulcers/skin ulcers including 20 with ulcers due to burns and
comparing bucladesine sodium and lysozyme hydrochloride in 275 patients with pressure
ulcers/skin ulcers including 40 with ulcers due to burns.[142, 143] According to these reports,
bucladesine sodium was significantly superior in the ulcer area reduction rate, granulation and
epithelialization, but no detailed information is provided concerning the depth of burns or time
after injury. There is, however, a report that the blood concentration of bucladesine sodium
increased and remained elevated for a period after its topical application,[154] so attention to
the general condition including the blood pressure, urine volume and blood glucose level is
necessary when it is topically applied to a wide area.

Imamura et al. performed a non-blinded RCT comparing prostaglandin E1 and lysozyme
hydrochloride in 171 patients with pressure ulcer/skin ulcer including 26 with ulcers due to
burns.[144] According to their report, there is no detailed mention of the depth of burns or time
after injury, but the efficacy rate in ulcers due to burns was significantly higher in the
prostaglandin E1 topical application group. On the other hand, no significant difference was
observed in the ulcer area reduction rate between the two groups.

Kawakami ef al. performed a case series study using lysozyme hydrochloride in 28 patients
with SDB and 40 with DDB.[146] In this study, the improvement of all second-degree burns
was greater in the lysozyme hydrochloride group, but granulation was suggested to become
excessive, and epithelialization to be delayed, in patients with old (topical application initiated
25 days after injury) DDB.

Konijiki carried out a double-blind RCT comparing aluminum chlorohydroxy allantoinate and the
base in 62 patients with skin ulcers including those due to burns, erosion, eczema or
dermatitis,[147] and reported that the efficacy rate in all patients was significantly higher in the
true drug group, but the number of patients with each disorder was small, and no statistical
evaluation of individual disorders including burn was performed.

If ulcers accompanied by necrotic tissue have developed as a result of DDB, topical agents
should be selected from the above after surgical debridement. If the general condition is poor,
or if the necrotic tissue is thin, and surgical debridement cannot be performed, topical
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application of bromelain, silver sulfadiazine, cadexomer iodine or dextranomer for the removal
of necrotic tissue should be considered (see CQ23).
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CQ22: Is Silver Sulfadiazine Useful for the Treatment of
Extensive Third-Degree Burns?

Remarks on recommendation: Silver sulfadiazine is recommended for the treatment of extensive third-
degree burns.

Recommendation level: B.

Comments:

Concerning the topical use of silver sulfadiazine for the treatment of third-degree burns, there
are two non-randomized comparative trials,[155, 156] and the evidence level is lll. The primary
objective of topical agents for extensive third-degree burns is to prevent infection from the
wound surface until surgical debridement. Silver sulfadiazine is widely used in Japan and
abroad for the treatment of burns, and there are multiple reports indicating an excellent
antibacterial action. Also, as it is convenient for application to a wide area because of the
emulsion base, its recommendation level was set at B.

Pegg et al. performed a non-randomized comparative trial in patients with burns of various
degrees by treating 314 with silver sulfadiazine, 156 with maphenide (unmarketed in Japan),
and 175 historical controls with gentamycin sulfate and so forth,[155] and reported that the
mortality rate, positive rate of bacterial cultures, and detection rates of P. aeruginosa,
staphylococci, Proteus and Candida were significantly reduced in the silver sulfadiazine
group compared with the control and maphenide groups. In Japan, Oyama et al. carried out a
non-randomized comparative trial evaluating the effects of silver sulfadiazine and gentamycin
sulfate in 31 patients with moderate to severe burns according to Artz's criteria,[156] and
reported that silver sulfadiazine was markedly effective against Kiebsiella, Serratias , other
Gram-negative bacteria and Candida .

Ono et al . evaluated the minimum inhibitory concentrations (MIC) of various antibacterial
agents against P. aeruginosa, because its detection rate increases with time among bacteria
isolated from burns. As no strain resistant to silver sulfadiazine or maphenide was observed,
they recommended them as topical antibacterial agents for burns.[157] Also, Yura et al.
performed resistance-acquisition and bactericidal studies using silver sulfadiazine against F.
aeruginosa and reported infrequent development of resistance and a satisfactory bactericidal
action of the drug.[158] On the other hand, there have been reports of infections resistant to
silver preparations including silver sulfadiazine.[159] According to the report by Li et al .,[160]
bacteria are shown to acquire resistance to silver in the presence of silver at a low
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concentration, and Atiyeh ef al. suggested the necessity to maintain an appropriate silver
concentration at the wound, because resistance to silver develops at concentrations near the
MIC but not at a sufficient concentration.[161] Also, in extensive burns with a large amount of
exudates, silver sulfadiazine is reported to be inactivated with a marked decrease in its effect.
[162] Therefore, repeated applications should be considered under such circumstances.

+ Because an emulsion base is used in silver sulfadiazine preparations, they have high tissue
permeability and are expected to produce a debriding effect by promoting autolysis of necrotic
tissue (see CQ23).

o As adverse effects of silver sulfadiazine, leukocytopenia, methemoglobinemia, silver
deposition, allergic reaction to sulfonamides and so forth have been reported. Sufficient
attention to these adverse effects is considered necessary, particularly when silver sulfadiazine
is topically applied to extensive burns. However, leukocytopenia is also occasionally observed
in the use of other drugs, and there is the opinion that it should not be regarded as a side-effect
specific to silver sulfadiazine.[163] There is also the opinion that the use of silver sulfadiazine
should be avoided as much as possible for wounds showing active proliferation of epidermal
keratinized cells such as donor site wounds and SDB, because the cytotoxicity of silver delays
wound healing.[161]
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CQ23: What Topical Agents should be used to Remove
Necrotic Tissue from Small Third-Degree Burns?

Remarks on recommendation: As topical agents aimed to remove necrotic tissue from small third-degree
burns, bromelain, cadexomer iodine, dextranomer and silver sulfadiazine are recommended as an option.

Recommendation level: C1.

Comments:

Concerning bromelain, there is one RCT evaluating its debriding effect on third-degree burns,
[164] and the evidence level is 1l. However, as its effect was similar to those of other drugs and
attenuated in dried wounds, the recommendation level was set at C1.

Regarding dextranomer and cadexomer iodine, there are non-randomized comparative trials in
patients with various skin ulcers including ulcers due to burns,[165, 166] and a case series
study,[167] and the evidence level is lll and V, respectively. In these reports, the response rate
with the debriding effect included was high, but burns were not focused, and the number of
patients was small. Both of these drugs are indicated for wounds rich in effusion, and caution is
needed in their use for wounds deficient in effusion, because they may cause drying of the
wound surface and delay wound healing.[168]

For silver sulfadiazine, there is no report evaluating the debriding effect except for expert
opinions about pressure ulcers,[166, 167] and the evidence level is VI. However, there has
been rich experience in the clinical use of silver sulfadiazine, and it is also expected to have a
preventive effect against infection (see CQ22).

As for the ointment containing calf blood extract, there is one RCT indicating its usefulness for
the treatment of third-degree burns,[169] and the evidence level is Il. However, as this
preparation was manufactured and approved in 1963 and has recently been used rarely, it was
excluded from the evaluation for recommendation.

Regarding the debriding effect of fradiomycin sulfate/crystalline trypsin, there are only expert
opinions, and the evidence level is V1. As this preparation was also manufactured and
approved in 1962 and has recently been used rarely, it was excluded from the evaluation for
recommendation.

Anzai et al . performed an RCT using bromelain and placebo prepared by mixing inactivated
bromelain with the same base in 33 patients with deep second-degree or third-degree burns
(7-10 days after injury).[164] They separated the wound of each patient into halves, applied
the true drug or placebo topically to each half, and compared the degree of lysis of necrotic
tissue, hemorrhage and pain, reporting that the true drug showed a significantly greater
debriding effect in third-degree burns. There are many other case reports indicating the
usefulness of bromelain. Ogawa et al. evaluated the debriding effect of bromelain in ulcer
patients including 28 with ulcers due to burns and reported that a response rate of 86% was
obtained in ulcers due to burns.[170] In using bromelain, attention to pain, which occurs
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frequently, is necessary. Also, as highly water-absorbing macrogol is used as the base, its
debriding effect is attenuated when effusion or the moisture of the wound surface is reduced.
[168]

e Silver sulfadiazine is considered to produce a wound surface cleaning effect as its emulsion
base with high water content causes softening and lysis of necrotic tissue due to its permeation
characteristics.[171] However, there are a few points that need attention in its use: it may
cause edema on the wound surface in wounds rich in effusion, its effect is attenuated when it is
used with povidone iodine, and its concomitant use with other drugs, particularly topical
cutaneous enzyme preparations, should be avoided.[165]
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CQ24: Are Topical Steroid Preparations Useful for the
Treatment of First-Degree Burns and SDB?

Remarks on recommendation: The use of topical steroid preparations is recommended as an option in

expectation of their anti-inflammatory effects.

Recommendation level: C1.

Comments:

e There are only expert opinions concerning the usefulness of topical steroid preparations for the
treatment of burns,[172-174] and the evidence level is VI. On the other hand, there are three
RCT (including double-blind trials) suggesting that topical steroid preparations showed no anti-
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inflammatory effect on the skin that has sustained physical damage including burn.[175-177]
However, we noted that expert opinions suggesting the usefulness of topical steroid
preparations for the treatment of first- or second-degree burns are predominant and that topical
steroid preparations have been used widely for the treatment of burns in Japan.

e Yamanaka et al. recommend the use of a very strong or even stronger topical steroid
preparation for first-degree burns for a short period from immediately after injury to rapidly
repair damaged tissue and control inflammation.[172] Takuma et a/. recommend the use of
topical steroid preparations for areas of first-degree burns with marked reddening/pain.[173]
Hitoshi et al . reported that the use of topical steroid preparation should be restricted to the first
2 days after injury in first- or second-degree burns, because they delay wound healing and
suppress epithelialization while they are very effective for suppressing reddening and edema
and mitigating pain in the acute period.[174]

+» Pederson et al. however, performed a double-blind RCT by artificially creating first-degree
burns or SDB in healthy volunteers and compared the anti-inflammatory effect between
clobetasol propionate and placebo according to the severity of pain and erythema and reported
no significant difference between the two groups.[175] Faurschou et al .[176] examined the
effects of an topical steroid preparation on sun burn (ultraviolet B irradiation) in 20 healthy
volunteers but observed no clinical usefulness when it was applied after irradiation.

e Also, Matsumura et al. carried out a double-blind trial concerning the effects of
betamethasone valerate/gentamycin sulfate on fresh second-degree burns using gentamycin
sulfate as a control drug.[177] According to this study, no difference was observed in the
alleviation of swelling or pain between the two groups, and betamethasone
valerate/gentamycin sulfate promoted epithelialization until 2 days from the beginning of their
use but suppressed it after 4 days or more. They also treated one group by using gentamycin
sulfate after topical application of betamethasone valerate/gentamycin sulfate for 3 days but
another group by using gentamycin sulfate alone from the beginning and observed no
significant difference in the comprehensive evaluation of objective findings, number of days
until completion of epithelialization or overall pharmacological effect.
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