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Background: Topical steroids are used widely to manage excessive 

inflammation and hypergranulation in burns; however, their use is 

controversial, and current evidence is largely anecdotal. Topical KE- 

NACOMB is a steroid preparation consisting of triamcinolone ace- 

tonide, neomycin, gramicidin, and nystatin, and it is standard of 

care at the Royal Brisbane and Women’s Hospital burns unit. To 

our knowledge, there is no published literature that reports the use 

of KENACOMB to treat wound-associated inflammation and hyper- 

granulation. 

Objective: To synthesise current evidence surrounding the efficacy 

and safety of topical steroid use in treating inflammation and hy- 

pergranulation in burns patients. We also describe the use of topi- 

cal KENACOMB in our burns unit. 

Methods: A systematic review of PubMed, Cochrane, and EMBASE 

databases was performed. Articles published in English that re- 

ported the use of topical steroids for granulation tissue or inflam- 

mation in burn wounds or skin graft donor sites were included. 

✩ This report was presented at the 2021 John A Boswick Burn and Wound Symposium as an oral presentation. 
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Results: We identified 350 articles, of which six met inclusion cri- 

teria. Four studies presented primary patient data, and two studies 

reported the results of surveys of burns unit professionals. A to- 

tal of 54 patients were included across all studies, and no control 

group was reported in any study. Studies reported rapid improve- 

ments in healing, with 86.6%–100% of wounds showing complete 

reepithelialisation following treatment. Reported adverse outcomes 

included skin thinning, atrophy of granulation tissue, systemic side 

effects, and local wound infection. 

Conclusions: This review highlights the paucity of conclusive evi- 

dence on the outcomes of topical steroids in treating inflammation 

and hypergranulation in burns and donor sites. While KENACOMB 

has shown efficacy in treating these wound types in our local ex- 

perience, there is limited research available on the product. There 

is a clear need for quality research on the use of topical steroids in 

burns patients to better inform its ongoing clinical use. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of British 

Association of Plastic, Reconstructive and Aesthetic Surgeons. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Hypergranulation and excessive inflammation in burns delay and impair healing and are impli-

ated in the development of hypertrophic scarring and contractures. 1 , 2 While improvements in acute

urn management have reduced overall mortality, 3 maintaining a wound environment for optimal

ealing remains a major clinical challenge. Excessive inflammation is a subjective phenomenon that

resents as redness, hyperaemia, and increased pain levels, and is a common manifestation in burn

ounds and skin graft donor sites. Prolonged and excessive inflammation contributes to hypergran-

lation by stimulating the overgrowth of granulation tissue above the surface of the wound, which

mpedes keratinocyte migration during reepithelialisation, ultimately delaying healing. 4 A wide range

f therapeutic strategies are employed across burns units to improve healing outcomes with varying

evels of success. 5 Due to their anti-inflammatory properties, topical steroids are widely used in in-

amed and hypergranulated burn wounds. 6 , 7 However, despite anecdotal evidence supporting their

pplication in treating these wound types, its use remains controversial due to concerns that steroids

ay interfere with the progression of healing 8 and increase vulnerability to infection. 9 

The topical application of KENACOMB ointment for the treatment of wound-associated hypergran-

lation and inflammation is standard of care at the Professor Stuart Pegg Adult Burns Centre at the

oyal Brisbane and Women’s Hospital, Australia. KENACOMB ointment is a steroid preparation con-

isting of a combination of triamcinolone acetonide (1 mg/g), neomycin (2.5 mg/g), gramicidin (0.25

g/g), and nystatin (10 0,0 0 0 units/g). KENACOMB ointment is used to treat inflammation, pruri-

is, and infection associated with otitis externa, but it is regularly used off-label for inflammatory

ermatoses. Prior to the introduction of KENACOMB to our unit, hypergranulation was traditionally

reated with either topical silver nitrate ablation or surgical excision. To our knowledge, there is no

iterature that reports the use of KENACOMB ointment to treat wound-associated inflammation and

ypergranulation. 

This paper aims to explore current evidence surrounding the efficacy and safety of topical steroids

s a treatment in burn patients. To that end, we performed a systematic search of the available lit-

rature describing the use and outcomes associated with topical steroids (including KENACOMB) in

reating inflammation and hypergranulation in burn wounds and skin graft donor sites. We also de-

cribe the indications and clinical management of wounds treated with topical KENACOMB in our

urns unit. 
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earch Methods 

This systematic review was undertaken in accordance with the Preferred Reporting Items for Sys-

ematic Review and Meta-analysis (PRISMA) guidelines. 10 A systematic search of Cochrane, EMBASE,

nd PubMed databases was conducted up to 13 July 2020 using the following keywords: burn, scald,

kin graft, donor site, partial-thickness, topical, steroid, KENACOMB, corticosteroid, triamcinolone, be-

amethasone, hydrocortisone, cortisone, wound healing, granulation, hypergranulation, over granula-

ion, proud flesh, reepithelialisation, and hyperinflammation (Appendix 1). A research librarian was

onsulted to advise on search term strategy and database suitability prior to searching. No search

imits were applied, and no publication date restrictions were applied. The search was supplemented

y a manual search of reference lists of included articles for relevant studies. 

ligibility criteria 

Articles in English reporting outcomes of the use of topical steroids as a treatment for burn wounds

r skin graft donor sites in patients of any age were deemed eligible for inclusion in this review. All

tudy designs that included primary data were accepted for review, and due to the limited number of

tudies identified, conference abstracts were included, although we did not have access to the full pre-

entations. Non-original studies, such as literature reviews, clinical guidelines, and letters to the edi-

or, were not included. Studies reporting patients with ocular, oesophageal, tracheal, or other mucosal

urns were excluded. Studies based on animal models were also excluded. This review was limited to

tudies that describe the use of topical steroids alone, or in combination with topical antibiotics; how-

ver, any type of topical steroid preparation was considered for inclusion. Primary outcomes of inter-

st were treatment outcomes in terms of wound healing, inflammation, hypergranulation, and adverse

ffects (including wound infection). Secondary outcomes included wound types and sizes treated, as

ell as steroid preparations used. Results reported in any form, including clinical descriptions, were

ought for outcomes of interest. 

ata extraction and management 

One reviewer screened articles by study title, abstract, and full text and assessed articles for eligi-

ility against predetermined inclusion criteria. A second reviewer confirmed the selected studies met

nclusion criteria. Data extraction was performed for all eligible articles, including study characteris-

ics (author, year of publication, country, study type, and study aim), patient characteristics (number

f participants, gender, age, wound type, total body surface area (TBSA)), treatment, outcomes, and

dverse effects. The findings are summarised by study in Table 1 and described below. 

ata Analysis 

Due to considerable heterogeneity between the included studies in terms of study design, meth-

ds, and outcomes measurements, no detailed data synthesis or assessment of risk of bias was under-

aken. Instead, the key findings from each study were summarised. For each study, the effect of topical

teroids was classified as beneficial (complete epithelialisation) or not beneficial (wound required fur-

her intervention for healing). Similarly, we used binary classification to investigate whether topical

teroids caused adverse outcomes, such as wound infection, and applied simple vote-counting meth-

ds to synthesise the data. Potential limitations to the interpretability of the findings of this review

re highlighted in the discussion below. 
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Table 1 

Characteristics of included studies and results summary 

Author Year Country Study type Study aim N (gender) Age Wound type TBSA (%) Treatment Outcomes Adverse outcomes 

Brown 

et al. 

2018 USA Retrospe- 

ctive chart 

review 

( Abstract ) 

To present a case series in 

which HG/US was 

successfully treated with 

topical corticosteroids. 

n = 7 (NR) 21y-89y STSG (n = 2), 

burn (n = 1), 

unstable scar 

(n = 2), DS 

(n = 2) 

5 - 57% Clobetasol 

propionate 

cream 0.05% 

Rapid improvements (7/7) None 

Jaeger 

et al. 

2016 Israel Case series To present the use of topical 

hydrocortisone in the 

treatment of 

hypergranulation tissue 

formation resulting from 

burn wounds. 

n = 5 (4M, 

1F) 

3y-41y Deep 

dermal/full- 

thickness 

burns 

22-70 Hydrocor- 

tisone 

acetate 

0.25% 

Regression of 

hypergranulation and 

complete healing (5/5) 

None 

Saleem 

et al. 

2017 Pakistan Case series To evaluate the role of 

short-term application of 

topical steroids in wound 

healing by suppression 

of over granulation, 

prevention of excessive 

inflammation, and thus 

promotion of quick 

epithelialisation 

and healing. 

n = 30 (NR) NR Trauma, burns, 

and skin grafts 

NR Steroid (not 

specified) 

with 

gentamycin 

cream 

70% complete healing in 2 

weeks, 16.6% complete 

healing in 4 weeks, and 6.6% 

required debridement and 

grafting 

7.5% developed thin 

skin after prolonged 

application, 16.6% 

developed atrophy of 

granulation tissue 

Shalom 

et al. 

2003 Israel Pre-post 

( Abstrac t) 

To investigate the effect of a 

topical steroid on healing by 

clinical observation and 

histological examination 

n = 12 (NR) 14m-92y Burns and 

plastic surgery 

patients 

NR Hydrocor- 

tisone 1% 

Resolution of hypertrophic 

granulation and complete 

epithelialisation within 2-4 

weeks in all patients. 

Marked reduction in acute 

inflammatory cells and shift 

in population towards 

chronic inflammatory cell 

population 

NR 

( continued on next page ) 

1
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Table 1 ( continued ) 

Author Year Country Study type Study aim N (gender) Age Wound type TBSA (%) Treatment Outcomes Adverse outcomes 

Shoham 

et al. 

2019 Israel/USA Survey 

( Abstract ) 

To explore the use of topical 

steroid for suppression of 

hypergranulation tissue in 

burns amongst members of 

the ABA and compare it to 

that of the EBA. 

n = 84 (52 

physicians, 

23 nurses, 

and 9 

others) 

N/A Burns 70% treated 

1-10% TBSA; 

15% treated up 

to 11-20% 

TBSA; 

15% treated 

> 20% TBSA 

Topical 

steroids (not 

specified) 

60% inexperienced in use of 

topical steroids for 

suppressing granulation 

tissue in burns 

Major reason was that they 

were unfamiliar with 

treatment option. 97% of 

those experienced found use 

safe and effective 

67% witnessed 

possible systemic 

side effects 

Shoham 

et al. 

2018 Israel/USA Survey 

( Abstract ) 

To explore trends in the use 

of topical corticosteroids for 

suppression of granulation 

tissue amongst burn care 

professionals. 

n = 82 (61 

physicians, 

21 non- 

physicians) 

N/A Burns NR Topical 

steroids (not 

specified) 

77% experience the use of 

topical steroids for 

suppression of granulation 

tissue in burns. Of those 

experienced, all found it safe 

and effective 

11 % witnessed 

infection in < 10% of 

patients 

1 respondent 

witnessed possible 

systemic side effects 

Abbreviations: DS = Donor site; HG/US = Hypergranulation tissue/unstable scar; NR = Not reported; STSG = Split-thickness skin graft 

1
8

8
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Figure 1. PRISMA flow diagram showing the study selection process 
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tudy characteristics 

The results of the systematic search are shown in Figure 1 . The primary search yielded 350 articles,

hich were screened by title and abstract, then full text. Six articles met the inclusion criteria for

eview ( Table 1 ). The publication years ranged from 2003 to 2019, comprising two case series, 11 , 12

ne retrospective chart review, 13 one pre-post study, 14 and two surveys of burns unit professionals. 6 , 7

atient age ranged from 14 months to 92 years with a total of 54 patients across all studies. One

ngoing clinical trial comparing topical steroids to traditional dressings for non-healing wounds in

urn patients was identified. 15 

tudy outcomes 

Wounds treated with topical steroids included burns, split-thickness skin grafts, skin graft donor

ites, and unstable scars. Of the studies that reported burn wound characteristics, the range of severity

as wide, with the percentage of TBSA treated between 5–70%. There was significant heterogeneity in

he treatment regimens across studies, with described topical steroids including clobetasol propionate

0.05%), 13 hydrocortisone acetate (0.25%), 11 hydrocortisone (1%), 14 and one study reporting the use of

 topical steroid and gentamycin preparation, 12 not otherwise specified. Steroids were applied every

2 hours, 11 , 14 daily, 12 or second daily 13 either through soaked gauze dressings 11 or directly on the

kin. 12 , 13 
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The reported outcomes across all studies were binary assessments of treatment efficacy, such as

ates of complete epithelialisation, 11 , 12 , 14 reduction of granulation tissue, 11 , 14 or requirement for fur-

her surgical intervention. 12 Quantitative assessment of treatment effect size was measured in one

tudy, 14 although these results were not reported in the conference abstract, and we did not have

ccess to the full presentation. Three studies reported complete epithelialisation following treatment

n 86.6%–100% of patients, 11 , 12 , 14 and one study reported rapid improvements in wound healing 13

ith epithelialisation occurring within 2 to 4 weeks. 12 , 14 Only one clinical study reported adverse

utcomes, including skin thinning in 7.5% of patients and atrophy of granulation tissue in 16.6% of

atients. 12 Notably, each of these clinical studies reported no incidence of wound infection following

ropical steroid treatment. 

Two articles surveyed members of the American and European Burns Associations, finding that

0% 

6 and 77% 

7 had experience in using topical steroids for suppressing granulation tissue, respec-

ively. Of those experienced, 97–100% found topical steroids safe and effective, although 67% of Amer-

can and 1.2% of European members had witnessed possible side effects, and 11% of European pro-

essionals witnessed wound infection in < 10% of patients. Of those inexperienced in using topical

teroids to suppress granulation tissue, the major reason was unfamiliarity with the treatment option.

iscussion 

Wound healing in burns follows a similar trajectory to non-burn wounds through a series of over-

apping phases: inflammation at the site of injury, epithelial proliferation, and scar remodelling. 16-19

owever, healing in deep partial-thickness and full-thickness burns is characterised by a heightened

nd prolonged inflammatory phase, with the upregulation of pro-inflammatory mediators such as IL-6

nd IL-8. 20 Sustained inflammation is considered a major factor in delayed wound healing and con-

ributes to changes in the expression of growth factors and consequent overproduction of granulation

issue. 21 When granulation tissue extends above the surface of the wound, peripheral keratinocyte

igration and reepithelialisation are impeded, ultimately delaying wound healing. This not only in-

reases the window of time in which wounds are susceptible to microbial colonisation and infection,

ut there is also a clear correlation between time to reepithelialisation and the risk of subsequent

ypertrophic scarring. 22 Therefore, identifying therapies with the capacity to effectively suppress in-

ammation and accelerate healing is an important focus of burns research. 

As potent anti-inflammatory agents, topical steroids are a logical approach to treating wounds dis-

laying excessive inflammation and granulation tissue. The use of topical steroids for hypergranulation

as been reported in the non-burn literature to reduce granulation tissue, decrease pain, and acceler-

te reepithelialisation. 2 , 23 , 24 Concordantly, this review found some evidence that steroids are success-

ully used to treat inflammation and hypergranulation in burns, with all studies reporting improve-

ents in timely reepithelialisation and regression of granulation tissue. On the other hand, topical

teroids are historically equated with a reduction in the body’s capability to heal wounds. Adminis-

ration of high doses of corticosteroids in the early stages of wound healing is shown to attenuate

he inflammatory response and delay proliferation of fibroblasts and capillaries, collagen deposition,

ound contraction, and epithelial migration. 8 , 25 Moreover, a persistent concern is the potential for an

ncreased incidence of localised wound infection due to the immunosuppressant effects of steroids,

s well as the risk of systemic adverse effects particularly when administered in large doses. Conse-

uently, some clinicians remain reluctant to use topical steroids to treat burns, which typically cover

arge surface areas of the body. 24 , 26 

This systematic review aimed to identify and synthesise evidence evaluating the effects of topi-

al steroids on inflamed and hypergranulated burn wounds and skin graft donor sites. Overall, the

ncluded studies provide some evidence that topical steroids may be advantageous in these wound

ypes, with six out of six studies describing the intervention as beneficial. On the other hand, three of

he six studies reported adverse effects associated with the treatment. Additionally, the reported inci-

ence of wound infection was specifically described in one non-clinical study. It is important to note,

owever, that the interpretability of these findings is significantly reduced by the absence of rigorously

esigned clinical trials. In our search, we did not identify published results from any randomised-

ontrolled studies, and no study included a control arm for comparison. Given the widespread util-
190 
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Figure 2. Indications for topical KENACOMB application. (A) Inflamed neglected partial-thickness scald burn from hot water. 

Pictured 7 days post-burn prior to treatment with KENACOMB, (B) after 3 days, and (C) after 5 days of topical KENACOMB 

application; (D) inflamed split-thickness skin graft donor site closed with cultured epithelial autograft. Pictured 10 days post- 

harvest and (E) after 5 days of treatment with topical KENACOMB; (F) hypergranulating full-thickness wound initially treated 

with Novosorb Biodegradable Temporising Matrix. Pictured day 10 post-grafting with 2:1 mesh autograft split-thickness skin 

graft and (G) after 5 days of daily application of topical KENACOMB; (H) infected flame burn pictured 4 days post-burn and (I) 

3 days after treatment with topical KENACOMB and oral antibiotics. 
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Table 2 

Clinical indications and management of wounds treated with topical KENACOMB ointment 

Indication Initial dressing Management 

Inflamed partial-thickness burns 

that are treated conservatively 

with dressings and expected to 

heal spontaneously. 

Thin layer of KENACOMB followed 

by a single or double layer of 

paraffin-based gauze dressing. 

Dressing is changed daily or second daily 

Inflamed skin graft donor sites 

that are still in the healing phase 

or inflamed donor sites that have 

just healed. Topical KENACOMB 

may be commenced at the first 

donor site dressing change if the 

donor site appears inflamed. 

The choice of donor dressings is varied but, in our unit, this typically 

comprises of either one of the following: 

i. Alginate sheet directly on the 

donor site, followed by 

silver-impregnated dressing, 

absorbent outer layer, and 

tape/bandage 

Dressing is changed between days 3 and 

5, depending on individual patient needs. 

After the initial dressing change, a 

paraffin-based gauze dressing is typically 

used and changed every two days until 

reepithelialisation occurs 

ii. SUPRATHEL/BACTIGRAS or 

SUPRATHEL/MEPITEL followed 

by an absorbent outer 

dressing, bandaging, or tape. 

This dressing is left alone until 

reepithelialisation occurs. Sometimes, 

SUPRATHEL is removed earlier due to 

non-adherence, bleeding, or pain. In these 

cases, it is replaced by paraffin-based 

gauze dressings, and changed every two 

days. 

iii. SILVERCELL, followed by an 

absorbent outer dressing, 

bandaging or tape. 

This dressing is left alone until 

reepithelialisation occurs. Sometimes, 

SILVERCELL is removed earlier due to 

non-adherence, bleeding, or pain. In these 

cases, it is replaced by paraffin-based 

gauze dressings, and changed every two 

days. 

Granulation tissue and 

hypergranulation in chronic 

wounds, interstices of meshed 

split-thickness skin grafts, and 

full-thickness burn wounds. 

Paraffin-based gauze dressing, 

absorbent outer layer followed by 

bandaging or taping. 

Granulation tissue is sometimes removed 

surgically or when dressings are done, 

treated topically with KENACOMB. 

Typically, the granulation tissue is treated 

with topical KENACOMB either daily or 

second daily 

Heavily colonised or infected 

wounds. 

Single or double layer of 

paraffin-based gauze followed by 

outer absorbent dressings. 

Dressing is changed once per day and 

wounds are cleaned at each dressing 

change with aqueous chlorhexidine. 

Note: in all uses, KENACOMB is not typically used for greater than 7 days at a time due to theoretical slowing of wound 

healing/reepithelialisation. 
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sation of topical steroids in burns units, in addition to persistent concerns regarding the side effect

rofile of steroids, it is significant that we were unable to identify any randomised-controlled trials

valuating the beneficence or safety of this treatment. 

imitations 

The findings of this review provide low-quality evidence resulting from (i) the uncontrolled, single-

rm designs of the identified studies; (ii) imprecision of results due to reporting of subjective outcome

easures; and (iii) unclear reporting of methods and outcomes across the studies. This is in part due

o the inclusion of abstracts where the full text or conference presentation was not available. Given

hat there is no objective characterisation for excessive inflammation and hypergranulation in burns,

here is likely variation in how this is defined and assessed within and across burn centres. Similarly,

ubjective assessments of the outcomes associated with topical steroids in these wound types may

lso contribute to disparities in conclusions about treatment effectiveness. The small sample size of

he combined body of literature significantly limits the ability of this review to account for hetero-

eneity across studies in terms of patient selection, treatment regimen, and outcome measurements.

herefore, our ability to synthesise the data and draw valid conclusions in this setting is limited. 
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opical KENACOMB ointment 

At the Professor Stuart Pegg Adult Burn Centre at the Royal Brisbane and Women’s Hospital,

ueensland, Australia, we routinely use topical KENACOMB for inflamed burn wounds. The rationale

nderlying this treatment choice is to address the theoretical increased susceptibility to localised in-

ection associated with steroid application with the addition of topical antimicrobials. It is also hy-

othesised to treat bacterial or fungal colonisation and biofilms that may be present within burn es-

har 27 to further accelerate healing. Typical indications are described in Table 2 and include inflamed

artial-thickness burns ( Figure 2 A-C), inflamed donor sites ( Figure 2 D-E), granulation and hypergran-

lation tissue ( Figure 2 F-G), and heavily colonised or infected wounds ( Figure 2 H-I). 

In partial-thickness burns, excessive inflammation may develop 5–7 days after the initial injury

nd is present until, or sometimes beyond, the point of reepithelialisation. Donor sites may also be

rone to excessive inflammation, presenting as redness or hyperaemia in the healing phases or just af-

er healing. Chronic wounds, interstices of meshed split-thickness skin grafts, and full-thickness burns

end to form granulation tissue as they heal. In wounds which develop hypergranulation, the gran-

lation tissue is typically treated with topical KENACOMB as described in Table 2 . If the patient is

rought to the operating room with granulation tissue, this is removed by blunt or sharp excision.

iven the potential side effect profile of topical steroids and their association with skin atrophy after

rolonged use, 9 KENACOMB is not typically applied for greater than seven days. 

onclusion 

This review demonstrates that topical steroids are used widely across burns units, despite the lim-

ted and low-level evidence surrounding their efficacy and safety. While the overall results of this

tudy suggest that topical steroids are beneficial in improving healing in inflamed burn wounds and

ypergranulation tissue, reported adverse outcomes were not absent. In our local experience, we ob-

erve a subjective improvement in skin and wound inflammation and a reduction in the volume of

ranulation tissue present on wound surfaces following topical KENACOMB application. However, we

ound no strong evidence that topical steroids significantly increase the incidence of local wound in-

ection, and so treating these wounds with a topical steroid and antimicrobial combination, such as in

ENACOMB ointment, may not be routinely necessary, and a direct comparison of KENACOMB oint-

ent and topical steroids alone is warranted. This review highlights the paucity of evidence currently

vailable on this topic and underlines the need for further investigation to assess the outcomes of

opical steroid use in burn patients and evaluate its safety for ongoing clinical use. 
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