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Summary Objective: To provide a complete overview of all burn debridement techniques 
studied in recent literature and to find the best evidence with regard to efficiency and safety. 
Method: A systematic review was performed. Searches were conducted in electronic databases 
such as PubMed, Embase, Cochrane, CINAHL, Web of Science, and Academic Search Premier. 
All studies published from 1990 onwards, on the efficiency and/or safety of burn debridement 
techniques in patients with thermal burn injuries of any age, were included. Primary outcomes 
were time to complete wound healing and time to complete debridement. Randomized trials 
were critically appraised. 
Results: Twenty-seven studies, including four randomized clinical trials, were included. Time 
to wound healing in the conventional tangential excision (seven studies), hydrosurgery (eight 
studies), enzymatic debridement (eleven studies), and shock waves group (one study) ranged 
from 13–30, 11–13, 19–33, and 16 days, respectively. Time to complete debridement ranged 
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from 5–10, 4–23, and 1–9 days, respectively. Furthermore, secondary outcomes (including graft- 
ing, mortality, and scar quality) were compared between the debridement categories. 
Conclusion: Convincing evidence in favor of any of these techniques is currently lacking. Fu- 
ture studies regarding (new) debridement techniques need to use standardized and validated 
outcome measurement tools to allow improved standardization and comparisons across studies. 
© 2019 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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ebridement of burn wounds is defined as the (surgical) re-
oval of all lacerated, devitalized, or contaminated tissue, 
lso called eschar, that is incompatible with healing. 1 In tra-
itional burn care, eschar was treated by awaiting sponta- 
eous separation from the underlying layer of viable tissue. 2 

n 1970, Zora Janzekovic introduced the early removal of es- 
har by tangential excision. 3 

Major advancements in burn care with regard to signifi- 
ant reduction in mortality and a shorter hospital stay are
inked to early excision of burn wounds. 4,5 According to 
erndon, nutritional support, sepsis control, and manage- 
ent of inhalation injury also contributed but to a lesser 
egree. 2 Presently, excision is applied in virtually every full- 
hickness or deep dermal burn wound that is unlikely to heal
ithin 14–21 days post-burn to shorten wound healing time, 
hereby reducing length of hospital stay and infection rate 
nd improving functional outcome and scar quality. 2 Burn 
ound excision is primarily performed with sharp instru- 
ents. 2 In recent decades, various surgical and nonsurgical 
echniques for the excision of eschar have been proposed to
mprove selective debridement and minimize blood loss. In 
 recent Cochrane review, Gethin et al. described several 
echniques for the debridement of venous leg ulcers. 6 They 
istinguished six different forms of debridement, namely, 
harp, mechanical, autolytic, enzymatic, biosurgical, and 
urgical debridement. This subdivision can also apply to 
he different debridement techniques of burn wounds. The 
hoice of the debridement technique depends on the burn
enter, the expertise and availability of professionals, and 
he type of burn wound, but techniques are often inter-
hangeably used. It is not known whether this choice has
nfluence on the final result of wound healing. Two reviews
n debridement techniques of burn wounds were previ- 
usly published. 7,8 Both reviews were narrative reviews and 
imited to nonsurgical debridement techniques. Makepeace 
t al. described case reports of patients who were exclu-
ively treated with enzymatic debridement (ED). 8 The re- 
iew of Klasen et al. described several techniques but did
ot systematically report outcomes. 7 Since the publication 
f these reviews, several new commercially available de- 
ridement techniques became available on the market. 9,10 

A comprehensive systematic review that discusses all the 
vailable burn wound debridement techniques is lacking. 
ore specifically, the efficiency and safety of the various
ethods are not well established. The objective of this pa-
er was to conduct a systematic search to provide a com-
lete overview of all surgical and nonsurgical debridement 
echniques described in recent literature ( ≥1990) and to
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find the best available evidence with regard to efficiency
and safety outcomes in burn patients with thermal injuries.

Methods 

Protocol 

This systematic review is protocol-driven according to the
Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) statement. 11 Our protocol was developed
and registered in PROSPERO (CRD42016039301), the inter-
national prospective register of systematic reviews. 12 

Selection criteria 

The following criteria were met when conducting the
search: 

• Type of patients: 
◦ No age limit 
◦ Burn etiology of thermal origin 

• Study design: 
◦ Regarding outcome efficiency: all studies excluding
case reports ( < 5 patients) 

◦ Regarding outcome safety: all studies 
• Publication date was restricted to articles published
from 1990 onwards 

• Language restriction: articles not written in English were
taken into account only for randomized controlled clini-
cal trials (RCT) and controlled clinical trials (CCT) 

Search strategy 

The following electronic databases were searched on May
8, 2017: PubMed, Embase, Cochrane, CINAHL, Web of Sci-
ence, and Academic Search Premier. The search terms in-
cluded burn ∗, debridement, excision, and surgery. For com-
plete electronic search strategy, see Appendix 1 . 

Selection procedure 

The selection procedure was performed according to the
Cochrane Handbook for Systematic Reviews of Interventions
and carried out by two reviewers (KK and HG). 13 Disagree-
ment between the reviewers about eligibility was solved
through discussion and, in case of consistent disagreement,
by a third reviewer (MB). This screening process was con-
ducted with the use of the web-based software platform
Covidence ( www.covidence.org ), which has been selected
as a preferred tool by the Cochrane Collaboration. 

Data extraction 

Data were extracted (KK and HG) using a standardized data
extraction form that included study characteristics (study
design, sample size per group, study setting, and type of
debridement), patient characteristics (age, gender, burn
depth, median burned TBSA, and etiology), and our out-
come parameters. Our primary outcome parameters were
time to complete wound healing and time to complete
debridement, which are both parameters regarding effi-
ciency. Our secondary outcome parameters regarding ef-
ficiency included excision procedure time, time from ac-
cident to start debridement, need for grafting, precision
of debridement (assessed by any available method), graft
take, re-operations, length of hospital stay, scar quality, re-
constructions, and costs. Our secondary outcome parame-
ters regarding safety included mortality and adverse events
(AEs). 

Risk of bias (quality) assessment 

The “Risk of bias tool” from the Cochrane Handbook for
Systematic Reviews of Interventions was used to assess the
quality in the included RCTs. 14 The criteria were assessed
independently by the two review authors. 

Strategy for data synthesis 

Taking into account the probable differences in reporting
outcomes among studies, we anticipated to be restricted to
a narrative description of outcomes. When possible, data
were pooled to perform quantitative analysis. 

Results 

Literature search 

The literature search yielded 4213 records. After removal
of duplicates, 2254 articles remained. After title screening,
145 articles were left to be screened by abstract, which re-
sulted in 41 articles eligible to read full text, and finally,
14 papers were excluded (see flowchart shown in Figure 1 ).
The search resulted in a total of 27 articles that were used
for data extraction. 

Description of debridement techniques 

The debridement techniques used in the full-text analysis
( n = 27) covered four out of the six debridement techniques
described in literature. 6 We subdivided the debridement
techniques into four categories: (1) conventional tangen-
tial excision (CTE), 3 (2) hydrosurgery (HS), 15 (3) ED, 10 and
(4) shock waves (SW). 16 No studies were included in the de-
bridement categories autolytic and biosurgical (i.e., mag-
gots). CTE is defined as sharp tangential excision with the
use of handheld knives. HS is a debridement tool that pro-
duces a high-pressure jet of water across an aperture in an
angled handpiece with a vacuum that removes surface de-
bris that is sucked into the machine. ED in our review con-
sisted of debridement with either collagenase, bromelain
[NEXOBRID 

R ©, Mediwound Ltd., Yavne, Israel], or papain. SW
therapy is thought to act by producing an acoustic energy
that optimizes cellular and molecular microenvironments. 

http://www.covidence.org
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A�er ini�al Search N= 4213

Pubmed : n= 1248
Embase: n= 1411
Cochrane: n= 138
CINAHL: n= 368
Web of Science n= 735
Academic Search Premier n= 313

A�er removal of duplicates, 
n= 2254

A�er �tle screening
N= 145

A�er abstract screening
N= 41

Exclusion based on:
- Wrong se�ng/study design: n= 40
- No abstract available: n= 7
- Wrong interven�on: n= 17
- Animal study: n= 3
- Conference paper: n= 37

Final data extrac�on

N= 27

Conflicts to be solved between 
reviewers, n= 5
By third reviewer, n= 0

No data extrac�on possible:
- Foreign language(no RCT/CCT) n= 4
- Conference paper n= 2
- Review n=2
- Full text unavailable n= 2
- Duplicates n=2
- No outcome data n=2

Conflicts to be solved between 
reviewers, n= 154
By third reviewer, n= 0

Figure 1 Flowchart of article selection process. 
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trategy for data synthesis 

he outcome parameters were differently defined be- 
ween studies. For example, our primary outcome “time to 
ound healing” had several definitions including > 95% re- 
pithelialization or last wound dressing. We aimed to use 
he most widely accepted definition. 

tudy characteristics 

able 1 shows an overview of the study characteristics of the
ncluded articles. The study designs mostly consisted of co- 
ort studies (22/27) with four randomized controlled stud- 
es and one case-series ( < 10 participants). Studies involving 
he more recent debridement techniques including HS, ED, 
nd SW were predominantly published from 2005 onwards 
17/20), whereas the CTE studies were mostly published be- 
ore 2005 (4/7). The burn severity had a wide range, except
n the CTE group, in which all seven studies included pa-
ients with a more than 20% mean TBSA burned. Age cate-
ories varied largely but consisted predominantly of adults 
r participants of all ages. The number of participants was
ess than 30 in a substantial part of the studies (11/27), with
nly six studies including more than 100 participants. 

rimary outcomes 

able 2 presents the primary outcomes. The data of time
o complete wound healing were available in 12/27 of
he studies. The definition of time to complete wound
ealing was described in 8/14 studies and usually defined
s “complete epithelialization” or “re-epithelialization of 
ore than 90–95% of the wound.” The time to complete
ound healing in the CTE-group had a range of 13–30 days.
n the HS group, 4/5 studies had a range of 11–13 days, while
he fifth study had a range of 18–64 days. 9 The ED group
ad a range of 19–33 days. There was no significant differ-
nce in time to wound healing in the two RCTs in the HS
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Table 1 Overview of the study characteristics. 

CTE n = 7 HS n = 8 ED n = 11 SW n = 1 Total n = 27 

Study design 

Randomized controlled trial ∗ 1 2 1 4 
Cohort study 6 5 10 1 22 
Case-series 1 1 
Publication date 

< 2005 4 3 7 
≥2005 3 8 8 1 20 
TBSA burned 

< 5% 3 2 1 6 
5–20% 2 6 8 
≥20% 7 3 2 12 
Not described 1 1 
Age category 
Children ( < 18 years) 2 1 3 
Adults 2 5 3 1 11 
All ages 4 1 5 10 
Not described 1 2 3 
Number of participants 
< 30 1 5 4 1 11 
30–100 4 3 3 10 
≥100 2 4 6 

RCT’s comparing either HS versus CTE or ED versus CTE were classified in, respectively, HS or ED category. 
∗ CTE = conventional tangential excision. HS = hydrosurgery. ED = enzymatic debridement. SW = shock wave therapy. TBSA = total body 

surface area. 

Table 2 Primary outcomes. 

Debridement technique Time to complete wound healing, days (SD, range) Time to complete debridement, days (SD, range) 

Conventional tangential excision (CTE) 
Early CTE vs. C 17 – RCT - 4.8 vs. 18.3, n.r. 
CTE vs. HS 21 – RCT 

∗ 13 (2) vs. 11 (2), NS 10 (3) vs. 9 (3), NS 
CTE vs. HS 9 – RCT 

∗ 30.4 (16–70) vs. 32.6 (18–64), NS - 
(Early) CTE vs. Col 40 , ∗ – CTE 7 (2.9), Col + CTE 8 (3.6), Col 7.8 (2.8), NS 
Hydrosurgery (HS) 
HS vs. CTE 21 – RCT 

∗ 11 (2) vs. 13 (2), NS 9 (3) vs. 10 (3), NS 
HS vs. CTE 9 – RCT 

∗ 32.6 (18–64) vs. 30.4 (16–70), NS - 
Hydrosurgery 41 13.4 (3.2, 8–19) –
Hydrosurgery 42 - 23 (5–78) 
Hydrosurgery 43 13.4 (2.1, 10–18) 7.6 (1.7, 5–11) 
Hydrosurgery 44 - 8.4 (8.5, 1–32) 
Hydrosurgery 45 - 4.4 (7.6, 1–25) 
Hydrosurgery 30 11.8 (8.1, 5–21) - 
Enzymatic debridement 
B vs. CDT 10 –RCT 32.8 (17) vs. 29.2 (16.1), NS 2.2 (1.4) vs. 8.7 (5.7), p < 0.0001 
Col vs. SSD 46 19.0 vs. 22.1, NS 9.3 vs. 11.6, NS 
Col vs. early CTE 40 ∗ - Col: 7.8 (2.8), Col + CTE: 8 (3.6), CTE: 7 (2.9), NS 
Bromelain 47 23 (15.8, 4–60), SG-patients: 17 (13.1, 0–40), n.r. - 
Collagenase 48 22.3 - 
Bromelain 49 29.2 (12.2, 11–54) 1.7 (2.5, 1–12) 
B vs. CTE 19 19.9 (6.0) vs. 42.2 (18.7), p = 0.002 0.9 (0.3, 0–1) vs. 4.9 (6.2, 0–18), NS 
Bromelain 33 28 (9–49) - 
Shock wave therapy 
Shock waves 16 15.6 (5.1, 10–29) - 

CTE = conventional tangential excision; C = conservative treatment; RCT = randomized clinical trial; n.r. = not reported; HS = hydrosurgery; 
NS = none significant; Col = Collagenase; B = Bromelain; CDT = conventional debridement techniques (CTE, hydrosurgery, dermabrasion; 
SSD = Silver Sulfadiazine; SG = skin graft. 

∗ These studies ( n = 3) are mentioned twice because they compared two different debridement techniques. 
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Table 3 Overview of the incidence of reports on secondary outcomes. 

CTE = conventional tangential excision. HS = hydrosurgery. ED = enzymatic debridement. SW = shock wave therapy. 
The number of studies that report a specific outcome parameter is indicated by the number of gray boxes, e.g., the need for grafting was 
reported in 5 out of 7 CTE studies, 6 out of 8 HS studies, 8 out of 11 ED studies, and in 1 out of 1 SW study. 
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roup and the one RCT in the ED group that compared their
echnique to various conventional debridement techniques, 
ncluding CTE, HS, and dermabrasion. The data of time to
omplete debridement were available in 10/27 studies. The 
D group had the shortest time to complete debridement 
ith a range of 1–9 days. The HS group had a range of 4–23
ays, and the CTE-group had a range of 5–10 days. There was
 significantly shorter time to complete debridement in the 
D group patients in the RCT comparing ED to various con-
entional debridement techniques (CTE, HS, and dermabra- 
ion), while the RCT in the HS group showed no difference.
ooling of the data was not possible due to heterogeneity of
he data. For a detailed overview of the primary outcomes 
er study, refer to Appendix 2.1. 

econdary outcomes 

able 3 presents an overview of the secondary outcomes in 
ach debridement category, from top to bottom – most re- 
orted to least reported. The most reported ( > 40%) sec-
ndary outcomes are described below, except AEs, which 
re presented in Appendix 2.3, due to the heterogeneity of
he assessments. 

Need for grafting : The need for grafting was 100% in all
ve CTE studies that reported the need for grafting and low-
st in the ED group with a range of 2–60% of the patients.
hree studies in the ED group, including one RCT, showed a
ignificantly lower need for grafting in ED patients than for
TE patients. 

Adverse events : AEs were frequently reported (14/27 
tudies), but the reported AEs varied greatly. AEs were re-
orted in 5/7 studies in the CTE group and mainly consisted
f infections/positive wound cultures. There was no differ- 
nce between postoperative pain (one study) and infection 
one study) when comparing HS with CTE. In the ED group,
he most frequently described AEs were pain (two studies),
ever (two studies), and infection (two studies). The SW
tudy had no AEs. 

Mortality : Mortality was highest in the CTE group, with
 range of 2–57%. One cohort study showed no difference
n mortality when comparing CTE with conservative treat- 
ent. 17 Another cohort study showed that early (48–72 h)
ompared to delayed excision (7–10 days) led to a signifi-
antly lower mortality. 18 In 6/7 HS and ED studies, the mor-
ality was 5% or lower. 

Time from accident to first debridement : This was re-
orted in 12/27 studies. It was generally shortest in the ED
roup, which ranged from 1 to 2 days and highest in the
S group with a range of 3–23 days. However, there was no
ignificant difference in the cohort study that compared ED
bromelain) with CTE. 19 

Scar quality : The definition of scar quality differed be-
ween the studies, see Table 4 . Scar quality was described in
hree studies in the CTE group, where it appears that early
TE prevented scar problems (e.g., contractures and im- 
airment) compared to late CTE, and scars after CTE were
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Table 4 Scar quality outcomes. 

Debridement technique Scar quality assessment method Results 

Early CTE vs. C 22 3-point scale, not validated 8 excellent, 14 good, 2 fair vs. 12 
excellent/good, p < 0.01 

Early CTE: early admittance < 1 
week and later admittance 32 

3-point scale, not validated Major problems: 2 vs. 4; Moderate problems: 
6 vs. 8; Minor problems: 18 vs. 4, n.r. 

Early CTE < 5 days vs. start 
conservative treatment + later SG 

(CSG) 31 

Hypertrophy and contracture, not 
validated 

CTE group: hypertrophy 3/7, minor 
contractures 3/7; CSG: no follow-up of 
patients 

HS vs. CTE 21 Contractures 6 months postburn, not 
validated 

33.3% vs. 35.6%, NS 

HS vs. CTE 9 Vancouver Scar Scale (VSS) at 3 and 6 
months, validated 

At 6 months: mean scores 1.7 vs. 2.1, NS 

Hydrosurgery 43 Grading satisfaction scale (0–10), not 
validated 

7.8 (range 5–9, SD 1.0) 

Hydrosurgery 30 Hypertrophy, not validated In 4/7 patients, it was specifically mentioned 
that they did not develop hypertrophy, 3/7 no 
data mentioned 

B vs. CDT 10 Modified VSS (0–13), validated 3.1 (SD 2.6) vs. 3.4 (SD 2.6), NS 
Bromelain 49 Limited range of motion, VSS, validated 5% ( N = 1) 
B vs. CTE 49 Patient and Observer Scar Assessment 

Scale and VSS, not validated 
Several POSAS items were superior in the ED 
group or not significant compared to CDT. VSS: 
no differences 

Bromelain 19 VSS at 3 months, validated 8 patients left for follow-up, average score: 
6/14 (4–8) points 

Shock waves 16 Hypertrophy, not validated 5% of the patients 

CTE = conventional tangential excision; C = conservative treatment; n.r. = not reported; CSG = conservative + later skin graft; 
HS = hydrosurgery; NS = none significant; VSS = Vancouver Scar Scale; SD = standard deviation; B = Bromelain; CDT = conventional debride- 
ment techniques (CTE, hydrosurgery, dermabrasion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rated poorer than those after conservative treatment. Fur-
thermore, three studies found no difference, of which two
compared HS to CTE and one compared ED to various con-
ventional debridement techniques (CTE, HS, and dermabra-
sion). 

The following secondary outcomes were reported in less
than 40% of the studies. 

Reoperations : Ten studies reported the average num-
ber of operations per patient, how many patients required
an additional operation, or the number of operations per-
formed to reach complete debridement. One of the two CTE
studies found the number of operations needed until com-
plete debridement to be higher in the staged excision group
than in the excision and immediate autografting group. 20 

One out of four ED studies showed that a significantly higher
number of operations were needed in the CTE group than in
the ED group (bromelain). 19 

Length of hospital stay (LOHS) : LOHS was reported in all
the CTE studies but only in two ED studies and not reported
in the HS or SW studies. In 2/3 CTE studies, in which CTE was
compared to conservative treatment, the LOHS was signifi-
cantly shorter in the CTE group. 

Excision time : This entails the time it takes to debride a
burn wound in a debridement session that leads to complete
eschar removal (e.g., in the operating theater). It is not ap-
plicable in the ED group because the ED has a fixed duration
of application. In the HS group, one of the three studies
showed a significantly shorter excision time when debriding
particular areas (e.g., hands) but a longer excision time in
larger areas (e.g., limbs, trunk) than that taken for CTE. 21 
Graft take : Graft take ranged between 85% and 100% in
the CTE and HS studies, with the exception of one CTE study
with a range of 40–100%. 22 

Reconstructions : The number of reconstructions was re-
ported only in three studies. The RCT (between ED and stan-
dard of care) showed no difference. 10 

Precision of debridement : One HS study used biopsies to
determine the precision of debridement and showed that
the CTE group lost more viable dermal tissue than the HS
group. 9 Two ED studies used a visual assessment classifica-
tion system. 

Costs : Costs were compared in one ED study, which was
in favor of the ED compared to various other conventional
debridement techniques (CTE, HS, and dermabrasion). 23 

For a detailed overview of all the secondary outcomes
per study, see Appendix 2.2. 

Risk of bias was assessed in four included RCTs 
Allocation (selection bias) : In 3/4 RCTs, randomization
was adequately described and performed using computer-
generated closed envelopes 9 , 21 or constrained block allo-
cation. 10 One study reported that patients were randomly
assigned to either of the intervention groups but did not
specify the method used. 22 

Blinding (performance and detection bias) : Perfor-
mance: In all four RCTs, blinding of the surgeons perform-
ing the procedure was not possible given the nature of the
intervention. 

Detection: None of the studies explicitly reported blind-
ing of the primary outcomes. In the Bromelain RCT, 10 
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ong-term outcomes (such as scar quality and quality of life)
ere assessed by blinded assessors. In one HS RCT, 9 some 
econdary outcomes (graft take) were assessed by a blinded 
ssessor. 

Incomplete outcome data (attrition bias) : One of the HS 
CT’s primary outcome was dermal preservation as deter- 
ined by biopsies. 9 These biopsies were not available in 
/30 cases in the HS group and 7/31 cases in the control
roup. In the other HS RCT, 21 no lost to follow-up was re-
orted. 
In the Bromelain study, 10 one patient in the Bromelain 

roup was withdrawn from the study due to noncompliance 
n the early phase of the study. In the CTE study, 22 no pa-
ients were lost to follow-up. However, one patient died in 
he CTE group and 3 patients died in the group treated with
oney dressing. 

Other potential bias (conflicts of interest) : In the two 
S RCTs, 9 , 21 the authors declared no conflict of interest or
nancial affiliation with the manufacturer of the hydrosur- 
ical instrument [VERSAJET, Smith and Nephew Plc., Lon- 
on, UK]. The Bromelain RCT was funded by Mediwound, the
anufacturer of NEXOBRID 

R © (Bromelain). 10 Thus, potential 
onflict of interest cannot be excluded for this study. In the
TE study of Subrahmanyam, 22 there was no mention of pos- 
ible conflicts of interest. 

iscussion 

ur study shows that there is scarce evidence of the effi-
iency and safety of burn wound debridement techniques. 
wenty-seven studies met our inclusion criteria and ad- 
ressed four out of six debridement categories. Four studies 
ad a randomized controlled study design, addressing three 
ebridement categories. Risk of bias in these RCTs was lim-
ted, mainly related to absent or unclear blinding of sur-
eons and outcome assessors. 
Because of heterogeneity in primary outcome parameter 

efinition and patient groups, we were unable to conduct a 
eta-analysis of the primary outcomes, i.e., time to wound 
ealing and time to complete debridement data. Further- 
ore, comparative studies were conducted only between 
S or ED in comparison to CTE. For these reasons, no defini-
ive conclusions could be drawn regarding outcomes be- 
ween HS and ED. Nevertheless, some trends can be noted. 
The time to complete wound healing tended to be longer

n the ED group than in the HS group. An explanation can
e that the use of autograft, which facilitates wound heal-
ng, was postponed in the treatment trajectory in the ED 

tudies to reduce the eventual need for grafting. A longer
ime to wound healing is associated with a decline in scar
uality. 24 , 25 Although ED is associated with a longer time to
ound healing, we hypothesize that this may not necessar- 
ly lead to lower scar quality. Eschar maintains an ongoing 
cute inflammation locally in the burn wound that can lead 
o poorer outcome of wound healing, and thus, an earlier
nd more selective removal of eschar might improve wound 
ealing and allow spontaneous healing. 26 

Time to complete debridement seemed to be short- 
st in the ED group. This is often inherent to the way
D is performed, namely, rapidly after admission. Early 
omplete eschar removal with enzymes is associated with 
ncreased spontaneous healing due to preservation of der- 
is and, herewith, a reduced need for excision and auto-
rafting. 10 A shorter time to complete debridement could 
llow spontaneous healing of a vital dermal wound bed and
s thought to decrease the inflammatory response accompa- 
ied by the presence of eschar. 27 It may therefore be desir-
ble to achieve complete debridement as soon as possible. 
The content of our secondary study outcomes might 

eflect a general shift in focus from survival to quality of
ife in burn patients. The older studies using conservative
reatment and CTE primarily focused on mortality and 
ength of hospital stay, whereas, currently, outcomes with 
egard to time to wound healing, need for grafting, and scar
uality are considered to be of equal or even higher impor-
ance. The evolution of burn care has caused a decrease
n mortality. 2 , 28 This decrease is noted when comparing 
arlier studies using CTE to more recent studies using HS or
D. However, this higher mortality in the CTE group can be
artly attributed to the more severely burned patients in
his group as reflected by the higher TBSA burned. The de-
rease in need for grafting, seen in the HS and the ED group,
an be explained by the more precise and controlled man-
er of debridement with these tools, which leads to dermis
reservation and more spontaneous epithelialization. 
AEs were reported relatively frequently, but the type of

vents differed considerably between studies. The most fre- 
uently described AEs included infection, pain, and blood 
oss, although none of the studies describe all these AEs to-
ether. Thus, there is no agreement between which type of
Es are considered most relevant. Length of hospital stay
as reported in all of the CTE studies, but in the studies
nvolving modern debridement techniques, it was fairly un- 
erreported. An explanation might be that the parameter 
OHS is not predictive of the final outcome in terms of scar
uality and quality of life and therefore deemed less rel-
vant nowadays. Another remarkable finding is the limited 
ttention for costs. Although burn care is known as an ex-
ensive type of care, 29 only one study compared costs be-
ween two debridement techniques. 23 

Although most of our outcome parameters were de- 
cribed by more than one study, the definition of certain
arameters including time to complete wound healing and 
recision of debridement remained either unclear or differ- 
nt between studies. This also applied to the definition of
car quality. Some studies used a very narrow definition of
car quality as just the presence of hypertrophy, contrac-
ures, or (dis)satisfaction with the scar at follow-up. 16 , 30 –32 

ther studies used a validated scar assessment scale (Van-
ouver Scar Scale) but did not include the patients’ perspec-
ive or objective scar measurement tools. 9 , 10 , 33 Because of 
he use of nonvalidated tools and the heterogeneity of as-
essments, it was not possible to compare the outcomes be-
ween studies or to draw definite conclusions regarding scar
uality. 
The strength of this review was the systematic method

e used during the entire process, which conforms to estab-
ished guidelines on the conduct and reporting of systematic
eviews. 11 Moreover, our literature search was performed in 
ll major databases and was updated (until May 8, 2017)
uring the writing of this review to ensure the inclusion of
he most recent studies. This update resulted in seven new
ligible studies, which were included in our analysis. This
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emphasizes the relevance of this review topic in present-
day burn care research. Furthermore, we included param-
eters without predefined definitions (e.g., scar quality) to
formulate comprehensive definitions of our outcomes on ef-
ficiency and safety. This enabled us to include more studies
to extract data than would have been the case when more
narrow definitions were used. 

Our study has some limitations. First, no meta-analysis
was performed because of limited available data: only four
studies, including two RCTs, provided data on a two-group
comparison including an estimate of variance. Second, we
did not include studies before 1990. We choose this strategy
because we anticipated to find no or only few appropriate
studies for the purpose of this review, as the emphasis of
burn care research was different before this time. Third, we
chose not to score the quality of the observational studies
as we did with the RCTs. However, their level of evidence
is limited due to their study design and lack of comparison
between treatments. Lastly, not all debridement techniques
can or will be universally applied to wounds of every burn
depth. For instance, HS cannot debride full-thickness burn
wounds. This makes it impossible to make a universal claim
as to which debridement technique is “best” for every burn
wound. More data in different burn depth categories would
be necessary to perform stratification in the analysis. 

We recommend that future studies regarding (new) de-
bridement techniques use the design of a randomized clin-
ical trial or high-quality prospective cohort study. Recently,
Beks et al. underscored the added value of nonrandomized
studies, especially in the field of surgery. 34 Observational
studies revealed similar estimates of treatment effects as
those of RCTs. 35 Thus, high-quality observational studies on
excision techniques in burns can contribute to the evidence
of these techniques. Moreover, uniform definitions of out-
come parameters, either frequently described or clinically
most relevant, and validated measurement tools should be
used. Such measurement tools are available and often val-
idated specifically in burn wound patients. These include
tools for scar assessment, 36 quality of life, 37 and function-
ing. 38 It is important to keep in mind the more clinical rel-
evant outcome assessments of modern-day burn care with
a special focus on scar quality and (subsequent) quality of
life after burns. Furthermore, we recommend a follow-up
period of at least one year to approach final scar results. 

Recently, a systematic review focusing on burn excision
tools of randomized and nonrandomized trials has been pub-
lished. 39 There are some differences in our review, including
the use of the Preferred Reporting Items for Systematic Re-
views and Meta-analysis (PRISMA) statement in our review.
Most importantly, we used predefined outcome measures.
In general, we do agree with the conclusion drawn by these
authors that modern techniques are upcoming and may lead
to better long-term scar quality and quality of life. 

In conclusion, to the best of our knowledge, this is
the first comprehensive review that, following the PRISMA
statement, systematically included all available literature
from 1990 onwards of both surgical and nonsurgical de-
bridement techniques of thermal burn injuries. Although
CTE is considered the gold standard for burn debridement,
we found limited evidence on efficiency and safety of this
technique. More recently, several relatively new debride-
ment techniques (HS and ED) have been described in stud-
ies of increasingly methodological quality. These studies
show promising results with regard to relevant modern burn
wound outcomes such as need for grafting and scar quality.
At this point, convincing evidence on efficiency and safety
in favor of any of these techniques for any particular burn
wound is lacking. Unfortunately, we only found studies that
compared these more selective debridement techniques to
CTE, while it seems more relevant to compare these modern
debridement techniques to each other. 

In the future, studies regarding (new) debridement tech-
niques need to use standardized and validated outcomes
measurement tools to allow improved standardization and
comparisons across studies. 
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Appendix 1. Complete electronic search 

strategy 

(((("Burns"[majr:noexp] AND ("Debridement"[majr] OR
"debridement"[ti] OR debride ∗[ti] OR "operation"[ti]
OR operation ∗[ti] OR "excision"[ti] OR excision ∗[ti] OR
hydrosurg ∗[ti] OR hydro surg ∗[ti] OR "grafting"[ti] OR
grafting ∗[ti] OR "surgery"[ti] OR "Skin Transplantation"[majr]
OR "skin transplantation"[ti] OR skin transplant ∗[ti] OR
skin graft ∗[ti] OR "surgical procedure"[ti] OR surgical
procedure ∗[ti] OR "versajet"[ti] OR "enzymatic debride-
ment"[ti] OR scalpel ∗[ti] OR "autolytic debridement"[ti]
OR "mechanical debridement"[ti] OR "necrotomy"[ti] OR
necrotom 

∗[ti] OR "escharotomy"[ti] OR escharotom 

∗[ti]
OR "nettoyage"[ti] OR nettoyag ∗[ti] OR "Surgical Proce-
dures, Operative"[majr:noexp] OR surg ∗[ ti ])) OR (("burn"[ti]
OR "burns"[ti] OR "burned"[ti] OR thermal injur ∗[ti] OR
scald ∗[ti] OR burn ∗[ ti ]) NOT (Chemical Burn ∗[ti] OR Electric
Burn ∗[ti] OR Inhalation Burn ∗[ti] OR "Smoke Inhalation"[ti]
OR Eye Burn ∗[ti] OR Sunburn ∗[ti] OR burnout ∗[ ti ]) AND
("Debridement"[majr] OR "debridement"[ti] OR debride ∗[ti]
OR "operation"[ti] OR operation ∗[ti] OR "excision"[ti] OR
excision ∗[ti] OR hydrosurg ∗[ti] OR hydro surg ∗[ti] OR
"grafting"[ti] OR grafting ∗[ti] OR "surgery"[ti] OR "Skin
Transplantation"[majr] OR "skin transplantation"[ti] OR

https://doi.org/10.1016/j.bjps.2019.07.006
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kin transplant ∗[ti] OR skin graft ∗[ti] OR "surgical proce-
ure"[ti] OR surgical procedure ∗[ti] OR "versajet"[ti] OR 
enzymatic debridement"[ti] OR scalpel ∗[ti] OR "autolytic 
ebridement"[ti] OR "mechanical debridement"[ti] OR 
necrotomy"[ti] OR necrotom 

∗[ti] OR "escharotomy"[ti] OR 
scharotom 

∗[ti] OR "nettoyage"[ti] OR nettoyag ∗[ti] OR "Sur- 
ical Procedures, Operative"[majr:noexp] OR surg ∗[ ti ]))) 
OT ("Animals"[mesh] NOT "Humans"[ mesh ]) NOT ("com- 
ent"[ptyp] OR ("case reports"[ptyp] NOT "case series"[ tw ])) 
ND english[ la ]) OR ((("Burns"[majr:noexp] AND ("Debride- 
ent"[majr] OR "debridement"[ti] OR debride ∗[ti] OR "oper- 
tion"[ti] OR operation ∗[ti] OR "excision"[ti] OR excision ∗[ti] 
R hydrosurg ∗[ti] OR hydro surg ∗[ti] OR "grafting"[ti] OR 
rafting ∗[ti] OR "surgery"[ti] OR "Skin Transplantation"[majr] 
R "skin transplantation"[ti] OR skin transplant ∗[ti] OR 
kin graft ∗[ti] OR "surgical procedure"[ti] OR surgical 
rocedure ∗[ti] OR "versajet"[ti] OR "enzymatic debride- 
ent"[ti] OR scalpel ∗[ti] OR "autolytic debridement"[ti] 
R "mechanical debridement"[ti] OR "necrotomy"[ti] OR 
ecrotom 

∗[ti] OR "escharotomy"[ti] OR escharotom 

∗[ti] 
R "nettoyage"[ti] OR nettoyag ∗[ti] OR "Surgical Proce- 
ures, Operative"[majr:noexp] OR surg ∗[ ti ])) OR (("burn"[ti] 
R "burns"[ti] OR "burned"[ti] OR thermal injur ∗[ti] OR 
cald ∗[ti] OR burn ∗[ ti ]) NOT (Chemical Burn ∗[ti] OR Electric
urn ∗[ti] OR Inhalation Burn ∗[ti] OR "Smoke Inhalation"[ti] 
R Eye Burn ∗[ti] OR Sunburn ∗[ti] OR burnout ∗[ ti ]) AND
"Debridement"[majr] OR "debridement"[ti] OR debride ∗[ti] 
R "operation"[ti] OR operation ∗[ti] OR "excision"[ti] OR 
xcision ∗[ti] OR hydrosurg ∗[ti] OR hydro surg ∗[ti] OR 
grafting"[ti] OR grafting ∗[ti] OR "surgery"[ti] OR "Skin 
ransplantation"[majr] OR "skin transplantation"[ti] OR 
kin transplant ∗[ti] OR skin graft ∗[ti] OR "surgical proce-
ure"[ti] OR surgical procedure ∗[ti] OR "versajet"[ti] OR 
enzymatic debridement"[ti] OR scalpel ∗[ti] OR "autolytic 
ebridement"[ti] OR "mechanical debridement"[ti] OR 
necrotomy"[ti] OR necrotom 

∗[ti] OR "escharotomy"[ti] OR 
scharotom 

∗[ti] OR "nettoyage"[ti] OR nettoyag ∗[ti] OR "Sur- 
ical Procedures, Operative"[majr:noexp] OR surg ∗[ ti ]))) 
OT ("Animals"[mesh] NOT "Humans"[ mesh ]) NOT ("com- 
ent"[ptyp] OR ("case reports"[ptyp] NOT "case series"[ tw ])) 
OT english[la] AND ("Epidemiologic Studies"[Mesh] OR 
Clinical Trial"[Publication Type] OR "Trial"[tw] OR "RCT"[tw] 
R random 

∗[tw] OR "study"[ tw ]))) 
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