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ABSTRACT

Background

Burninjuries are the fourth most common traumaticinjury, causing an estimated 180,000 deaths annually worldwide. Superficial burns can
be managed with dressings alone, but deeper burns or those that fail to heal promptly are usually treated surgically. Acute burns surgery
aims to debride burnt skin until healthy tissue is reached, at which point skin grafts or temporising dressings are applied. Conventional
debridement is performed with an angled blade, tangentially shaving burned tissue until healthy tissue is encountered. Hydrosurgery, an
alternative to conventional blade debridement, simultaneously debrides, irrigates, and removes tissue with the aim of minimising damage
to uninjured tissue. Despite the increasing use of hydrosurgery, its efficacy and the risk of adverse events following surgery for burns is
unclear.

Objectives

To assess the effects of hydrosurgical debridement and skin grafting versus conventional surgical debridement and skin grafting for the
treatment of acute partial-thickness burns.

Search methods

In December 2019 we searched the Cochrane Wounds Specialised Register; the Cochrane Central Register of Controlled Trials (CENTRAL);
Ovid MEDLINE (including In-Process & Other Non-Indexed Citations); Ovid Embase and EBSCO CINAHL Plus. We also searched clinical trials
registries for ongoing and unpublished studies, and scanned reference lists of relevant included studies as well as reviews, meta-analyses
and health technology reports to identify additional studies. There were no restrictions with respect to language, date of publication or
study setting.

Selection criteria

We included randomised controlled trials (RCTs) that enrolled people of any age with acute partial-thickness burn injury and assessed the
use of hydrosurgery.

Data collection and analysis

Two review authors independently performed study selection, data extraction, 'Risk of bias' assessment, and GRADE assessment of the
certainty of the evidence.
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Main results

One RCT met the inclusion criteria of this review. The study sample size was 61 paediatric participants with acute partial-thickness burns
of 3% to 4% total burn surface area. Participants were randomised to hydrosurgery or conventional debridement. There may be little or no
difference in mean time to complete healing (mean difference (MD) 0.00 days, 95% confidence interval (Cl) —6.25 to 6.25) or postoperative
infection risk (risk ratio 1.33, 95% Cl 0.57 to 3.11). These results are based on very low-certainty evidence, which was downgraded twice
for risk of bias, once for indirectness, and once for imprecision.

There may be little or no difference in operative time between hydrosurgery and conventional debridement (MD 0.2 minutes, 95% CI -12.2
to 12.6); again, the certainty of the evidence is very low, downgraded once for risk of bias, once for indirectness, and once for imprecision.
There may be little or no difference in scar outcomes at six months. Health-related quality of life, resource use, and other adverse outcomes
were not reported.

Authors' conclusions

This review contains one randomised trial of hydrosurgery versus conventional debridement in a paediatric population with low
percentage of total body surface area burn injuries. Based on the available trial data, there may be little or no difference between
hydrosurgery and conventional debridement in terms of time to complete healing, postoperative infection, operative time, and scar
outcomes at six months. These results are based on very low-certainty evidence. Further research evaluating these outcomes as well
as health-related quality of life, resource use, and other adverse event outcomes is required.

PLAIN LANGUAGE SUMMARY

Is surgery with a high-pressure water jet (hydrosurgery) better than conventional surgery for early treatment of mid-depth burns?
Background

Burns are common injuries worldwide and can cause illness, lifelong disability and even death. Deep burns often require surgery because
the skin is too damaged to heal on its own. The damaged, burnt skin must therefore be cut away (debridement) and replaced with healthy
skin, which is typically a very thin layer of healthy skin (graft) taken from another part of the body. Debridement is normally done with a
specific surgical knife.

Recently, a high-pressure, water-based jet system has been developed, known as hydrosurgery. This tool removes burnt skin only, leaving
behind the unburned, healthy skin. Hydrosurgery may be more accurate than a knife in terms of removing burned skin, which may lead
to better healing.

Allopenwounds, including burns, are at risk of infection so adequate debridement is important to reduce the risk of infection. If the wound
is closed quickly, it will heal better, with less scarring and less risk of infection.

What did we want to find out?

In this Cochrane Review, we wanted to know whether burns treated with hydrosurgery heal more quickly and with fewer infections than
burns treated with a knife. We also wanted to see whether there were any differences in overall quality of life, how well the wound healed
in terms of scarring and the amount of medical resources used (using measures like the number of dressing changes and burn clinic
appointments, length of hospital stay, and whether further surgery was needed).

Our methods

We searched medical databases for randomised controlled trials that compared burn treatment using hydrosurgery with conventional
debridement. Randomised controlled trials are medical studies where the treatment people receive is chosen at random. This type of study
provides the most reliable evidence about whether different approaches to health care make a difference. Participants in the studies could
be any age. The studies could have taken place anywhere and be reported in any language.

What are the main results of the review?

We found only one Australian study that included 61 children with small burns. The children were randomly allocated to treatment with
either hydrosurgery or conventional debridement. Hydrosurgery made little or no difference in the time burns took to heal completely,
infection after the operation, or scarring compared to conventional debridement. There was little or no difference in the length of time
debridement took using hydrosurgery compared with conventional surgery. The study did not give any information about quality of life
or resource use.

Certainty of the evidence

Our certainty (confidence) in the evidence was very limited because we found only one study. It only included children, so the results may
not apply to adults or people with more severe burns. It was a randomised study, but did not report the outcomes we expected it to, so
we are not sure how reliable its results are.

Hydrosurgical debridement versus conventional surgical debridement for acute partial-thickness burns (Review) 2
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Conclusions

We do not know if hydrosurgery is better than conventional surgery for early treatment of mid-depth burns. We need more studies to
investigate this question.

Search date

This review includes evidence published up to December 2019.
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SUMMARY OF FINDINGS

Summary of findings 1. Hydrosurgery compared with conventional debridement for partial-thickness burns prior to skin grafting

Hydrosurgery compared with conventional debridement for partial-thickness burns prior to skin grafting

Patient or population: acute partial-thickness burns prior to skin grafting

Setting: hospital

Intervention: hydrosurgical debridement
Comparison: conventional debridement

Outcomes Anticipated absolute effects* (95% Relative effect  N¢ of partici- Certainty of Comments
cl) (95% Cl) pants the evidence
(studies) (GRADE)
Risk with conven-  Risk with hy-
tional debride- drosurgery
ment
Time to complete healing after The mean time to MD 0 days - 61 BO0O Time to healing classified as days
split-thickness skin grafting (time ~ complete healing (6.25 lower to (LRCT) Very low! to complete epithelialisation, de-
to complete healing) after split-thick- 6.25 higher) termined independently by senior
ness skin grafting burn nurse
Assessed with: clinician observa- a5 17.8 days.
tion
Follow-up: 6 months
Postoperative infection (number  Study population RR1.33(0.57to0 61 BEOO Postoperative infection deter-
of participants with post-opera- 3.11) (LRCT) Very lowl mined by presence of a posi-
tive infection) 226 per 1000 300 per 1000 tive wound culture with moder-
(121 to 575) ate-heavy bacterial growth, posi-

Assessed with: clinician observa-
tion

Follow-up: 6 months

tive

viral or fungal culture, or by clinical
evidence of infection (purulent ex-
udate or cellulitis)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio; TBSA: total body surface area

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.
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Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1Evidence downgraded twice for risk of bias (selection bias and other bias in outcome measurement), once for indirectness (low %TBSA burns, paediatric participants only), and
once forimprecision, as study is not powered to detect differences in time to complete healing or postoperative infection, plus wide standard deviations and confidence intervals.
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BACKGROUND

Description of the condition

Burn injuries are the fourth most common traumatic injury, causing
an estimated 180,000 deaths annually worldwide (WHO 2008). In
2004, 11 million people required medical attention for burn injuries
(WHO 2018).

Most burn injuries occur in low- to middle-income countries that
do not have the infrastructure to reduce the incidence and severity
of these injuries (CDC 2008; Peck 2011). In men, most burn injuries
occur at home, outdoors, or at work with equal frequency, whereas
for women and children the injury occurs most often at home
during cooking and whilst children are unsupervised (Davies 1990;
Hemeda 2003; Mabrouk 2003; Rossi 1998; Stewart 2016). The
incidence of burn injury is significantly increased by warfare, most
notably in Irag, where the incidence has tripled since 2003 (Peck
2011; Stewart 2016).

Across all demographics, flame is the most common cause of
burns in adults, accounting for 35% to 42% of hospital admissions
(ABA 2005). Scalds are the most common cause of hospital
admissions for children in the USA; however, in low- to middle-
income countries, the rate of flame burn and scalds is similar (Peck
2011). Clothing ignition is a common cause of burn injury, typically
occurring in countries where open fires are frequently used in the
household (Barss 1983; Demamu 1991; Kalayi 1994; Peck 2011).
Occupational burns account for 20% to 25% of burn injuries, most
commonly flame burns and scalds, and most often affecting people
in the food industry (Peck 2011; Pruitt 2007). Other less common
but important causes of burn injury include chemical, electrical
(including lightning), and radiation burns (ABA 2005; Peck 2011;
Stylianou 2015). In clinical practice and for the purposes of this
review, burns and scalds both fall under the definition of 'burns',

Burn injuries are a significant cause of morbidity and mortality
for both adults and children in the UK (Stylianou 2015). There
is a global downward trend in burn incidence, severity, hospital
stay, and mortality but in the UK, approximately 250,000 people
are still burnt annually (Smolle 2017). Of these, approximately
175,000 attend hospital, and in 2014, 19,000 children and adults
were admitted to hospital for burn injuries (Dunn 2016).

If the burn injury extends through the epidermis only it is classified
as superficial (Greenhalgh 2019; Hettiaratchy 2004). If the burn
extends into the dermis it is classified as superficial dermal,
mid-dermal, and then deep dermal as it extends through the
dermal layer (Greenhalgh 2019; Hettiaratchy 2004). If the burn
extends through the dermis to the subcutaneous tissue, it is
classified as full-thickness (Greenhalgh 2019; Hettiaratchy 2004).
Thediagnosis of burn depthis made clinically oninitial assessment,
sometimes with adjunct tests (Jaspers 2018). In the USA and
other regions, burn depth is sometimes classified as first degree
(superficial), second degree (mid-depth) and third degree (full-
thickness) (Ewbank 2020; Greenhalgh 2019). The depth of the burn
is subject to change, and during the process of debridement a
more accurate assessment can be made (Monstrey 2008). A clinical
assessment of the amount of burnt skin is also made and quantified
as a percentage of the total body surface area (%TBSA) (Monstrey
2008).

The management of a burn depends on many factors beyond
the scope of this review. In summary, superficial burns can be
managed with dressings alone, but deeper burns, of any aetiology
or those that fail to heal promptly, are usually treated surgically
(Hettiaratchy 2004). Accordingly, surgery for acute burn injuries is
undertaken in different situations: as an emergency (to save the
life or limb of a person with burns) or at a later stage to remove
the unhealthy tissue and facilitate reconstruction (Hettiaratchy
2004). For emergency burns surgery, the management depends
on the depth and size of the burn, its anatomical site, and the
time since the burn injury (Greenhalgh 2019). Emergency burns
surgery aims to debride burnt skin until healthy tissue is reached,
at which point skin grafts or temporising dressings are applied.
It is important that only burnt tissue is debrided and that no
healthy/viable skin or tissue is unnecessarily removed, as this may
adversely affect the outcome (Gurfinkel 2010; Orgill 2009). In some
cases, if there is evidence of viable dermis following debridement
(superficial or mid-dermal burns), then the wound may not require
skin grafting and may heal spontaneously with dressings alone
(Greenhalgh 2019). However, early debridement and skin grafting
has been the standard of care for decades, and the evidence
suggests that surgical debridement within 24 to 48 hours after burn
injury reduces blood loss, the risk of infection, length of hospital
stay, and mortality, and improves subsequent split-thickness skin
graft take (Rowan 2015).

Description of the intervention

Conventional debridement of burn wounds is performed with an
angled blade by tangentially shaving burned tissue until healthy,
bleeding tissue is encountered (Orgill 2009). The goal of wound
debridement is to remove injured and non-viable tissue from the
area of injury to reduce the inflammatory response engendered by
the burn and prevent bacterial proliferation. This reduces the risk of
infection and creates the optimal wound bed for complete healing,
most often by autologous split-thickness skin grafting (SSG)
(Eldad 1998; Greenhalgh 2019; Robson 1973). Commonly used
instruments for conventional debridement include the Brathwaite,
Cobbett or Watson knife, the Humby knife, the Goulian or Weck
knife, or a simple scalpel (Jeffery 2007). These instruments are
of similar type, consisting of static metallic blades used freehand
by surgeons to tangentially remove layers of burnt skin. The
Watson and Goulian knives are most commonly used in the UK
for conventional debridement (Jeffery 2007). In the 1970s, air-
and later electric-powered surgical dermatomes were developed,
which are similar to an electric razor, with an oscillating blade
that evenly removes surface layers of the skin at a defined
depth (Schwartz 1978). More recently, dermabrasion techniques
have been used for the debridement of deep partial-thickness
burns (Jeffery 2007; Yontar 2017). Lastly, enzymatic debridement
is a recent addition to the burn surgeon's armamentarium,
although its use is limited by supply and storage issues in some
countries (Rosenberg 2015). Hydrosurgery system debridement is
an alternative to conventional blade debridement. The principle of
hydrosurgical debridement is the emission of pressurised, sterile
0.9% sodium chloride in combination with a localised vacuum
system that simultaneously debrides, irrigates, and evacuates non-
viable tissue (Yang 2007). Hydrosurgery may enable surgeons to
accurately debride burned tissue whilst preserving viable dermis in
the acute setting (Cubison 2006). Conversely, if the entire dermis
has sustained thermal or chemical injury, such as in full-thickness
burns, then the burn requires complete excision with a blade to

Hydrosurgical debridement versus conventional surgical debridement for acute partial-thickness burns (Review) 6
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achieve healing, and hydrosurgery is not indicated (Greenhalgh
2019).

How the intervention might work

The hydrosurgery system uses a highly pressurised saline solution
and generates a jet, emitted from the tip of the hand-held
instrument (Yang 2007). The jet travels through the nozzle of the
instrument generating a Venturi effect, which increases the fluid's
velocity and decreases its static pressure due to its passage through
a constricted area (Venturi 1836). The high-pressure jet clears non-
viable tissue from a wound, which is then collected through a
suction catheter next to the tip of the instrument and into a
collection canister (NICE 2014; Sainsbury 2009). The single-use, 45
degree angled, hand-held instrument attaches to a console and
is activated by the surgeon using a foot-pedal (Cubison 2006).
The pressure of the fluid jet can be adjusted by the surgeon,
allowing for a precise depth of debridement, and thus achieving an
accurate wound debridement with complete removal of non-viable
tissue and maximal preservation of healthy tissue (Cubison 2006;
Matsumura 2012).

Why it is important to do this review

Hydrosurgery may provide more accurate debridement, potentially
increasing the amount of viable native tissue for healing after burns
surgery and leading to a faster operating time, limiting the negative
effects of general anaesthesia, blood loss, and insensible fluid
loss that can be encountered with excessive blade debridement,
and hypothermia from the prolonged exposure required for other
debridement techniques (Gurunluoglu 2007; Hyland 2015; NICE
2014; Rees-Lees 2008). Its proposed efficacy is based on the
results of a number of clinical studies in a variety of patient
populations (Cubison 2006; Kimble 2008). However, the available
literature also suggests an increase in adverse events following
hydrosurgery compared to control and equivalent postoperative
pain (NICE 2014). Despite a number of clinical trials evaluating the
use of hydrosurgery in wounds, its efficacy and risk of adverse
events following surgery for burn wounds is unclear. To date
there has been no formal evidence synthesis exercise to determine
efficacy based on these trials, neither has there been a rigorous
assessment of the quality of the evidence base. Considering
its potential advantages but significant cost, an objective and
thorough evaluation of its efficacy is warranted.

OBJECTIVES

To assess the effects of hydrosurgical debridement and skin grafting
versus conventional surgical debridement and skin grafting for the
treatment of acute partial-thickness burns.

METHODS

Criteria for considering studies for this review
Types of studies

We included all published and unpublished randomised controlled
trials (RCTs), including cluster-RCTs, irrespective of language of
report. We excluded studies using quasi-randomisation.

Types of participants

We included RCTs recruiting people of any age described in the
primary report as having any acute partial-thickness burn injury

requiring surgical debridement and split-thickness skin grafting,
managed in any care setting. As the method of defining burn injury
can vary, we accepted definitions as used by the study authors. We
would have included studies recruiting participants with partial-
thickness burn injury alongside people with other types of wounds
if the data for people with burn injury were presented separately (or
were available from the study authors).

Types of interventions

The primary intervention of interest was hydrosurgical
debridement. We included any RCT in which the use or type of
hydrosurgery during the treatment period was the only systematic
difference between treatment groups.

At the protocol stage, we anticipated that likely comparisons
would include hydrosurgical debridement and split-skin grafting
compared with conventional surgical debridement and split-
skin grafting. We also sought to include trials that compared
different methods or protocols for hydrosurgery with each other
(i.e. hydrosurgery A versus hydrosurgery B, where the type of
hydrosurgery used was the only systematic difference between
the studies). We excluded studies that compared debridement
methods with no debridement, as this did not capture the
population of interest, that is participants with burn injuries that
require acute surgical debridement.

Types of outcome measures

The primary and secondary outcomes of this review are listed
below. If a study was otherwise eligible (i.e. correct study design,
population, and intervention/comparator) but did not report a
listed outcome, then we contacted the study authors to establish
whether the outcomes of interest were measured but not reported.

We reported outcome measures at the latest time point available
(assumed to be length of follow-up if not specified) and the time
point specified in the methods as being of primary interest (if
different from the latest time point available). For all outcomes, we
classified assessment of outcome measures from:

« up to orequal to eight weeks as short term;
« over eight weeks to 26 weeks as medium term;
» over 26 weeks as long term.

Primary outcomes

« Time to complete healing after graft (defined by the original
studies and based on clinical assessment).

« Postoperative infection (clinical diagnosis, as described by the
original study and supported by microbiological evidence where
possible).

Secondary outcomes

« Operative efficiency as measured by the reported operative time
(in minutes).

« Scar outcome (measured using a standardised validated scar
scale, e.g. Vancouver, Patient and Observer Scar Assessment
Scale (POSAS)).

« Resource use (including measurements of resource use such as
number of dressing changes, burn clinic appointments, length
of hospital stay, and reoperation/intervention).

+ Health-related quality of life.

Hydrosurgical debridement versus conventional surgical debridement for acute partial-thickness burns (Review) 7
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« Other adverse outcomes (including blood transfusion volumes
(per %TBSA) within the first seven postoperative days).

Search methods for identification of studies
Electronic searches

We searched the following electronic databases to identify reports
of relevant clinical trials:

« the Cochrane Wounds Specialised Register (searched 10
December 2019);

« the Cochrane Central Register of Controlled Trials (CENTRAL;
2019, Issue 11) in the Cochrane Library (searched 10 December
2019);

o Ovid MEDLINE (R) and Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Daily and Versions (1946 to 10 December
2019);

« Ovid Embase (1974 to 10 December 2019);

« EBSCO CINAHL Plus (Cumulative Index to Nursing and Allied
Health Literature; 1937 to 10 December 2019).

The search strategies for the Cochrane Wounds Specialised
Register, CENTRAL, Ovid MEDLINE, Ovid Embase and EBSCO
CINAHL Plus can be found in Appendix 1. We combined the
Ovid MEDLINE search with the Cochrane Highly Sensitive Search
Strategy for identifying randomised trials in MEDLINE: sensitivity-
and precision-maximising version (2008 revision) (Lefebvre 2019).
We combined the Embase search with the Ovid Embase filter
developed by the UK Cochrane Centre (Lefebvre 2019). We
combined the CINAHL Plus searches with the trial filters developed
by the Scottish Intercollegiate Guidelines Network (SIGN 2019).
There were no restrictions with respect to language, date of
publication or study setting.

We also searched the following clinical trials registries:

« US National Institutes of Health Ongoing Trials
Register ClinicalTrials.gov (www.clinicaltrials.gov) (searched 10
December 2019);

« World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (apps.who.int/trialsearch/) (searched
10 December 2019).

The search strategies for clinical trial registries are shown in
Appendix 1.

Searching other resources
Searching reference lists of included trials and relevant reviews

We sought to identify other potentially eligible trials or ancillary
publications by searching the reference lists of retrieved included
trials, as well as relevant systematic reviews, meta-analyses, and
health technology assessment reports. No additional reports were
found.

Searching by contacting individuals or organisations

When necessary, we contacted authors of key papers and abstracts
to request further information about their trials. We did not contact
the manufacturers and distributors of hydrosurgery systems as
we believed the search methods implemented to be sufficiently
comprehensive.

Adverse effects

We did not perform a separate search for adverse effects of
interventions used, considering adverse effects described in the
included studies only.

Data collection and analysis
Selection of studies

Three review authors (JCRW, RGW, JD) independently assessed the
titles and abstracts of the citations retrieved by the searches for
relevance. After this initial assessment, we obtained full-text copies
of all studies considered to be potentially relevant. Three review
authors (JCRW, RGW, JD) independently checked the full-text
papers for eligibility, resolving any disagreements by discussion or
with the input of a fourth review author (DC) when required. We
contacted the study authors by email for three studies where the
eligibility of the studies was unclear. We recorded all reasons for
exclusion of studies for which we had obtained full copies. This
process is summarised in the PRISMA flow chart (Liberati 2009).

Data extraction and management

We extracted and summarised details of the eligible studies
using a data extraction sheet that two review authors (JCRW
and RGW) piloted independently. Two review authors (JCRW and
RGW) independently extracted data and resolved disagreements by
discussion, consulting a third review author (JD) where required.
Where data were missing from reports, we contacted the study
authors to obtain this information.

We extracted the following data where possible by treatment group
for the prespecified interventions and outcomes in this review. The
outcome data were collected for relevant time points as described
in Types of outcome measures:

« country of origin;
« typeofburnandsurgery,including whetherthe burn was grafted
or not;

« unit of randomisation (per participant) - single burn or multiple
burns on the same participant;

« unit of analysis;

« trial design (e.g. parallel, cluster);

« care setting;

« number of participants randomised to each trial arm;

« eligibility criteria and key baseline participant data;

« details of treatment regimen received by each group;

« number of operative procedures;

« details of any co-interventions, such as wound dressings;
« primary and secondary outcome(s) (with definitions);

« outcome data for primary and secondary outcomes (by group);
+ hospital stay (days);

+ duration of follow-up;

« number of withdrawals (by group);

« publication status of study; and

« source of funding for trial.

Assessment of risk of bias in included studies

Two review authors independently assessed risk of bias of the
included studies using the revised Cochrane 'Risk of bias' tool
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(Higgins 2011a). This tool addresses six specific domains: sequence
generation, allocation concealment, blinding, incomplete outcome
data, selective outcome reporting, and other issues. We recorded
any issues with unit of analysis, for example where a cluster
trial was undertaken but analysed at the individual level in the
study report. We assessed blinding and completeness of outcome
data for each of the review outcomes separately. We note that,
since wound healing is a subjective clinical outcome, it can be
at high risk of measurement bias when outcome assessment is
not blinded. We have presented our assessment of risk of bias
using two 'Risk of bias' summary figures: one summarising the
risk of bias for each item across all studies, and a second showing
a cross-tabulation of each trial by all the 'Risk of bias' items.
We classified studies assessed as at high risk of bias for the
randomisation sequence domain, allocation concealment domain,
or blinded outcome assessment domain (for specified outcome,
or a combination of these) as being at overall high risk of bias
(for specified outcome). For trials using cluster randomisation or
within-participant randomisation, we would also have considered
risk of bias in terms of recruitment bias, baseline imbalance,
loss of clusters, incorrect analysis, and comparability with trials
randomising participants (Higgins 2011b). None of these study
designs were encountered in this review.

Measures of treatment effect

For dichotomous outcomes, we calculated the risk ratio (RR)
with 95% confidence intervals (Cl). For continuously distributed
outcome data, we calculated the mean difference (MD) with
95% Cls, if all trials used the same or a similar assessment
scale. If trials used different assessment scales, we would have
used standardised mean difference (SMD) with 95% Cls. We only
considered mean or median time to healing without survival
analysis as a valid outcome if the study reports specified that
all were wounds healed (i.e. if the trial authors regarded time
to healing as a continuous measure as there is no censoring).
We intended to report time-to-event data (e.g. time to complete
wound healing) as hazard ratios (HR), where this was possible in
accordance with the methods described in the Cochrane Handbook
for Systematic Reviews of Interventions (Deeks 2011). In future
eligible studies reporting time-to-event data (e.g. time to healing)
but not reporting an HR, we plan to estimate the HR using other
reported outcomes, such as the numbers of events, through the
application of available statistical methods (Parmar 1998).

Unit of analysis issues

Had studies randomised at the participant level and measured
outcomes at the wound level (e.g. wound healing), we would
have treated the participant as the unit of analysis when the
number of wounds assessed appeared to be equal to the number of
participants (e.g. one wound per person). Particular unit of analysis
issues in wound care trials can occur when studies randomise
at the participant level, use the allocated treatment on multiple
wounds per participant, and then analyse outcomes per wound;
or when studies undertake multiple assessments of an outcome
over time per participant. These approaches should be treated as
cluster or within-participant trials, alongside more standard cluster
designs (e.g. delivery of interventions at an organisational level).
Where a cluster trial has been conducted and correctly analysed,
effect estimates and their standard errors can be meta-analysed
using the generic inverse variance method in Review Manager
5 (Review Manager 2014). We planned to record as part of the

'Risk of bias' assessment where a cluster-RCT had been conducted
but incorrectly analysed. If this was not possible, we would have
approximated the correct analyses based on guidance from the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011b), using information on:

o the number of clusters (or groups) randomised to each
intervention group, or the mean size of each cluster;

« the outcome data ignoring the cluster design for the
total number of participants (e.g. number or proportion of
participants with events, or means and standard deviations);
and

« an estimate of the intracluster (or intraclass) correlation
coefficient (ICC).

If the study data could not be analysed correctly, we would have
extracted and presented outcome data but not analysed them
further. We would also have noted when randomisation had been
undertaken within participant or at the wound level, that is a
split-site or split-body design. We planned to assess whether the
correct analysis had been undertaken and record any issues in the
'Risk of bias' section of this review. Had an incorrect analysis been
undertaken, we would have contacted the authors to attempt to
obtain the original data or try to approximate the correct analysis if
the required data were available. If this was not possible, we would
have extracted and presented the relevant outcome data but not
further analysed or pooled them. This strategy was not required in
the current iteration of the review but may be relevant in future
updates.

Dealing with missing data

It is common for data to be missing from trial reports. Excluding
participants postrandomisation or ignoring participants who are
lost to follow-up compromises the randomisation and potentially
introduces bias. If there were missing data that we thought
should be included in the analyses, we would have contacted
the relevant study authors to request whether these data were
available. If data had remained missing for the 'proportion
of wounds healed' outcome, we would have assumed for our
analysis that if randomised participants were not included in an
analysis, their wound did not heal (i.e. they would have been
considered in the denominator but not the numerator). In a
time-to-healing analysis using survival analysis methods, dropouts
were accounted for as censored data, so no action regarding
missing data was undertaken. For continuous variables and for all
secondary outcomes, we have presented available data from the
study reports/study authors and have not imputed missing data.
If measures of variance were missing, we would have calculated
these where possible. If back-calculation was not possible, we
would have contacted the study authors. Where these measures
of variance were not available, we would have excluded the study
from any relevant meta-analyses. This was not required in this
iteration of the review.

Assessment of heterogeneity

Assessment of heterogeneity can be a complex, multifaceted
process. We would first have considered clinical and
methodological heterogeneity, that is the degree to which the
included studies varied in terms of participant, intervention,
outcome, and characteristics such as length of follow-up. We would
have supplemented this assessment of clinical and methodological
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heterogeneity with information regarding statistical heterogeneity
assessed using the Chi? test (a significance level of P < 0.10
would have been considered indicative of statistically significant
heterogeneity) in conjunction with the I* measure (Higgins 2003).
The 12 statistic examines the percentage of total variation across
RCTs that is due to heterogeneity rather than to chance (Higgins
2003). In general, 1? values of 25% or less may mean a low level of
heterogeneity (Higgins 2003), and values of more than 75% indicate
very high heterogeneity (Deeks 2011). Had there been evidence
of high heterogeneity, we would have attempted to explore this
further.

Assessment of reporting biases

Reporting biases arise when the dissemination of research findings
isinfluenced by the nature and direction of results. Publication bias
is one of a number of possible causes of 'small-study effects', that
is a tendency for estimates of the intervention effect to be more
beneficial in smaller RCTs. Funnel plots allow a visual assessment
of whether small-study effects may be present in a meta-analysis.
A funnel plot is a simple scatter plot of the intervention effect
estimates from individual RCTs against some measure of each
trial's size or precision (Sterne 2011). We planned to present funnel
plots for meta-analyses comprising 10 RCTs or more using Review
Manager 5 (Review Manager 2014). We also planned to cross-
reference reports with published protocols to try to assess the
completeness of data reporting, omissions, and potential resultant
bias. As only one study was included in this review, this strategy was
not employed.

Data synthesis

Data synthesis was not possible in this iteration of the review as
there was only a single included study. We had planned to combine
details of included studies in a narrative review according to type
of comparator and then by outcomes by time period. We would
have considered clinical and methodological heterogeneity and
undertaken pooling when studies appeared appropriately similar
in terms of burn wound type, intervention type, duration of follow-
up, and outcome type.

In terms of meta-analytical approach, we were unable to pre
specify the amount of clinical, methodological, and statistical
heterogeneity in the included studies, but it might have been
extensive. We thus anticipated using a random-effects approach
for meta-analysis. Conducting meta-analysis with a fixed-effect
model in the presence of even minor heterogeneity may provide
overly narrow confidence intervals. We only planned to use a fixed-
effect approach when clinical and methodological heterogeneity
was assessed to be minimal, and the assumption that a single
underlying treatment effect is being estimated held. Chi* and I?
would have been used to quantify heterogeneity but would not be
used to guide choice of model for meta-analysis. We planned to
exercise caution when meta-analysed data were at risk of small-
study effects because a random-effects model may be unsuitable.
In this case, or where there are other reasons to question the
selection of a fixed-effect or random-effects model, we planned
to assess the impact of the approach using sensitivity analyses to
compare results from alternate models. We intended to report any
evidence suggesting that the use of a particular model might not be
robust. We planned to consider meta-analysis even when there is
thought to be extensive heterogeneity, exploring the causes behind
this using meta-regression if possible (Thompson 1999).

We planned to obtain pooled estimates of treatment effect using
Cochrane Review Manager 5 software (Review Manager 2014). For
dichotomous outcomes, we presented the summary estimate as
RR with 95% Cls. Where continuous outcomes were measured
in the same way across studies, we presented the MD with 95%
Cl; we planned to generate an SMD when studies measured the
same outcome by different methods. We have presented RR and
MD as described, but they do not represent 'pooled' summary
estimates as only one study is included. For time-to-event data,
we had planned to plot (and if appropriate, pool) estimates of HRs
and 95% Cls as presented in the study reports using the generic
inverse variance method. Where time to healing was analysed as a
continuous measure but it was not clear if all wounds had healed,
we would have documented use of the outcome in the study but
not summarised or used data in any meta-analysis. Neither of these
strategies was employed.

'Summary of findings' tables and the GRADE approach

The main results of the review are presented in a 'Summary of
findings' table. This table presents key information concerning
the certainty of the evidence, the magnitude of the effects
of the interventions examined, and the sum of the available
data for the main outcomes (Schiinemann 2011a). The certainty
of a body of evidence involves consideration of within-trial
risk of bias (methodological quality), directness of evidence,
heterogeneity, precision of effect estimates, and risk of publication
bias (Schiinemann 2011b). Two review authors (JCRW and RGW)
independently used the GRADE approach to assess the certainty of
the evidence for each outcome to determine the level of confidence
in the estimate of the observed effects (Schiinemann 2013). We
graded the evidence for each outcome as high, moderate, low,
or very low certainty evidence where possible. Consensus on
rating was achieved by involvement of a third review author if
needed (JD). The results for important outcomes are presented in
'Summary of findings' tables.

We have presented the following outcomes in the 'Summary of
findings' tables:

« time to complete healing after graft;
« postoperative infection.

Subgroup analysis and investigation of heterogeneity

We planned to assess potential heterogeneity across the following
areas specifically. Where there was evidence of between-trial
heterogeneity, we envisaged subgroup analyses being conducted
as follows:

« adult versus paediatric populations;
« anatomical site of burn (e.g. limbs versus face versus trunk);

« 9%TBSA of burn (e.g. less than 10%, 10% to 20%, greater than
20%).

Sensitivity analysis
Where possible, we planned to perform sensitivity analyses to

explore the effects of the following criteria:

« blinding (blinded studies versus non-blinded studies);

« concealment of allocation (allocation adequately concealed
versus not reported or inadequate);

« presence of attrition bias;
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« typeofrandomisation (truly randomised with adequate method
of generating the randomisation sequence versus not reported);

« use of a fixed-effect versus a random-effects model.

We planned to perform further sensitivity analyses depending on
the characteristics of included studies where appropriate.

Elements of this Methods section are based on the standard
Cochrane Wounds protocol template.

RESULTS

Description of studies
Results of the search

The search identified 475 records. The results of the search
are presented in a PRISMA flow chart (Figure 1). Three review
authors (JCRW, RGW, and JD) independently screened these
records for potentially relevant studies. We assessed six records as
being potentially relevant and retrieved the full texts for further

Figure 1. PRISMA flow chart.

evaluation, which were again screened in triplicate. One study
was not available in English, and so a Chinese translator was
involved in assessing the study for eligibility (Liu 2016). This study
was found to be ineligible for inclusion. One study did not report
sufficient data to allow further interpretation of the results. The
author of this study was contacted and the data for participants
eligible for the review were not available separately so it was
excluded (Gravante 2007). This resulted in four potentially relevant
reports. Following detailed evaluation of these, three appeared
to be from the same study (Anniboletti 2011) and they did not
report enough data to facilitate specific interpretation of partial-
thickness burns in participants. Attempts to contact the authors
were unsuccessful in terms of retrieving further information about
data specific to partial thickness burns, so this study remains
as 'awaiting classification' (Anniboletti 2011). This left one study
eligible for data extraction (Hyland 2015), two studies excluded
(Gravante 2007; Liu 2016), and one study with three study reports
awaiting classification (Anniboletti 2011). See PRISMA flow chart
(Figure 1). An additional ongoing study was found that has not yet
been reported (Legemate 2018).
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Included studies

The only trial eligible for inclusion was performed by Hyland and
colleagues at Sydney Children’s Hospital, an acute care hospital in
Sydney, Australia, in 2015 (Hyland 2015). This study was an RCT
comparing Versajet hydrosurgery and conventional debridement of
partial-thickness paediatric burns (Table 1).

Trialists included 61 paediatric participants who underwent
conventional blade debridement (Goulian knife) and split-
thickness skin grafting (n = 31) versus hydrosurgical debridement
and split-thickness skin grafting (n = 30). The participant was the

unit of randomisation and analysis. The study authors utilised
a 1:1 two-group parallel randomisation technique using 4/6
random permuted blocks. There was no statement regarding
funding, but the trial protocol was approved by the local ethics
committee. The primary outcome as described in the trial report
was dermal preservation, assessed by 2-millimetre punch biopsy
taken immediately before and immediately after debridement and
before grafting. The manuscript describes the secondary outcomes
as operative time, percentage graft take at day 10 postoperatively,
the time to complete healing from injury and the time to healing
from grafting, postoperative infection, and scar outcome at three

Hydrosurgical debridement versus conventional surgical debridement for acute partial-thickness burns (Review) 11
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

1\ Cochrane
é) Library

Cochrane Database of Systematic Reviews

and six months using the modified Vancouver Scar Scale (VSS)
(Baryza 1995). An a priori power calculation was performed using
an effect size estimated from similar studies of hydrosurgery versus
conventional debridement, although the supporting evidence
and figures used for this calculation are not provided. Only
participants with burn wounds of less than 10% TBSA were
recruited, although there was no restriction on including larger
burn %TBSA participants. There were no significant differences in
baseline demographics prior to intervention allocation. There was
no loss to follow-up at three months, with nine participants lost
at six months (n = 5 Versajet and n = 4 conventional). Time to
healing was assessed by a blinded burns nurse and defined as days
to complete epithelialisation. Postoperative infection was defined
as presence of a positive wound culture or by clinical evidence of
infection. Further data that were not available from the original
study report were provided by Dr Hyland upon request.

Excluded studies

We excluded Liu 2016 because the study population contained
participants receiving treatment one month after injury, that is
delayed treatment rather than acute.

We excluded Gravante 2007 because data for participants with
acute partial-thickness burns were unavailable.

Studies awaiting classification

Three study reports were conference abstracts from the same
research group and reported information from the same study.
The study reports did not define the depth of burn injury in the
participant groups. There was therefore insufficient data on partial
thickness burn injuries to allow data extraction. We received no
response from the authors on email contact. We have therefore
assessed this study as awaiting classification (Anniboletti 2011).

Ongoing studies

The authors of Legemate 2018 have published a protocol for an
RCT of hydrosurgery versus conventional debridement for deep
partial-thickness burns prior to skin grafting in adults and children,
with a focus on long-term (12 months) patient-reported outcome
measures. This trial is currently ongoing and in the recruitment
phase.

Risk of bias in included studies

Details of the risk of bias in the included study are presented
in Figure 2 and Figure 3. Overall, the one included study was at
high risk of bias due to selective outcome reporting and potential
inconsistencies in outcome measurement.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Participants were randomised to the intervention or control group
in a 1:1 ratio, stratified by %TBSA. Allocation was computer
generated and accessed following enrolment and was concealed
until intervention delivery. This was not explicit in the study report
but was clarified on further information obtained from the primary
author. There were no concerning baseline differences between the
two groups. We judged the risk of selection bias to be low.

Blinding

Allocation blinding was not performed. A rank-based analysis was
used to estimate the effect of assignment to intervention on time to
complete healing after graft (Wilcoxon test). There was no mention
ofthe distribution of data. We judged the risk of performance bias to
be unclear due to unavoidable lack of surgeon blinding. We judged
the risk of detection bias to be low.
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Incomplete outcome data

Full outcome data were available for all participants. However,
the protocol (registered in the Australian and New Zealand Clinical
Trials Registry; number ACTRN12610000956000) states that the
target sample size would be 150, whilst only 60 were recruited
in the study. The reason for this difference is unclear. Without
absolute evidence of methodological bias, we have judged the risk
of attrition bias to be low.

Selective reporting

There is a discrepancy between the study report and the
aforementioned protocol. The protocol describes the primary
outcome as the modified VSS at three months, whilst the study
reports dermal preservation (originally listed as a secondary
outcome). We assume this to represent reporting bias because
the comparison regarding dermal preservation was the statistically
significant finding between groups. Overall, there are concerns
about reporting bias, putting it at high risk.

Other potential sources of bias

For time to healing after graft, it is unclear whether grafts/wounds
were examined daily or at wider intervals (e.g. every two or three
days). Equally, it is unclear whether the time interval between
wound assessments was consistent for all participants. The intra-
and inter-rate reliability for re-epithelialisation is unknown. These
factors introduce bias in the reliability of the outcome measure.

Effects of interventions

See: Summary of findings 1 Hydrosurgery compared with
conventional debridement for partial-thickness burns prior to skin
grafting

Comparison 1. Hydrosurgical debridement versus
conventional surgical debridement for acute partial-thickness
burns (1 study; 61 participants)

One study with 61 participants assessed this comparison and
included paediatric participants only (Table 1) (Hyland 2015).

See Summary of findings 1.

Time to healing

Hyland 2015 reported time to healing as a secondary outcome. The
mean (standard deviation (SD)) time to healing in the hydrosurgery
group was 17.8 (11.1) days, and the mean (SD) time to healing
in the conventional group was 17.8 (13.7) days (mean difference
(MD) 0.00, 95% confidence interval (Cl) -6.25 to 6.25); there may
be little or no difference between hydrosurgery and conventional
debridement in terms of mean time to healing after graft. We
assessed the evidence as of very low certainty, downgrading twice
for risk of bias, once for indirectness, and once for imprecision
(Analysis 1.1). All wounds had healed by the end of the study.

Postoperative infection

Hyland 2015 reported postoperative infection as a secondary
outcome. The postoperative infection rate was 30% in the
hydrosurgery group (n = 9) and 23% in the conventional
debridement group (n = 7) (risk ratio 1.33, 95% CI 0.57 to 3.11);
there may be little or no difference between hydrosurgery and
conventional debridement in terms of postoperative infection. We

assessed the evidence as of very low certainty, downgrading twice
for risk of bias, once for indirectness, and once for imprecision
Analysis 1.2).

Operative time

Hyland 2015 reported operative time as a secondary outcome.
There may be little or no difference in operative efficiency between
hydrosurgery and conventional debridement as measured by
operative time. The mean (SD) operative times in minutes were
42.7 (19.7) for the hydrosurgery group and 42.6 (28.8) for the
conventional debridement group (MD 0.2 minutes, 95% CI -12.2
to 12.6). We assessed the evidence as of very low certainty,
downgrading once for risk of bias, once for indirectness, and once
for imprecision (Analysis 2.1).

Scar outcome

There may be little or no difference between groups in scar
outcomes at six months, with a modified VSS total score of 1.7 in
the hydrosurgery group and 2.1 in the conventional debridement
group (P = 0.1). We have not computed an MD between-groups
given the absence of any measures of within-group or between-
group variance, uncertainty about the mathematical methods used
to generate the quoted p-value of 0.1 (the hypothesis test used and
whether it was one-tailed or two-tailed) and an over-riding concern
that this discrete (and typically skewed) outcome measure does
not approximate the normal distribution. Photographs were not
reported as used to document scar outcome.

Other outcomes

Health-related quality of life, resource use, and other adverse
outcomes were not reported. The only trial included in this review
did not assess time to healing or postoperative infection as primary
outcomes, and therefore may not be adequately powered to detect
differences in these outcomes between the studied interventions.

In summary, according to the GRADE assessment tool, there is very
low certainty evidence that there may be little or no difference
between hydrosurgery and conventional debridement in terms of
time to healing after skin grafting and postoperative infection. The
judgement of very low certainty is due to risk of bias in the one
included study, indirectness of the evidence due to solely paediatric
participants, and imprecision of the outcome data (Summary of
findings 1).

DISCUSSION

Summary of main results

The aim of this review was to evaluate the evidence for
hydrosurgical debridement versus conventional debridement of
acute partial-thickness burns and to summarise its effects in terms
of time to complete healing. We identified one RCT undertaken
in Australia with one study report consisting of 61 randomised
participants. This study compared the Versajet hydrosurgery and
conventional debridementin paediatric participants with acute 3%
to 4% TBSA partial-thickness burns.

There may be little or no difference in mean time to complete
healing or risk of postoperative infection between hydrosurgery
and conventional debridement in acute partial-thickness burns.
These results are based on very low certainty evidence, which was
downgraded for risk of bias, indirectness, and imprecision.
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In terms of other outcomes, there may be little or no difference
in operative time or scar outcomes based on very low-certainty
evidence (1 study, 61 participants). As health-related quality of life
and resource use were not measured in the included study, we
are uncertain of any differences between groups in these measures
and can draw no conclusions for these outcomes. Data were
insufficient to permit an assessment of adverse events other than
postoperative infection, the results for which are based on very low-
certainty evidence.

Overall completeness and applicability of evidence

Overall, we found very low-certainty evidence that there may be
little or no difference between hydrosurgery and conventional
debridement for acute partial-thickness burns prior to split-
thickness skin grafting in terms of mean time to complete healing
or postoperative infection. The strength of the evidence for both
outcomes was downgraded four times, twice for serious risk of bias,
once for serious indirectness, and once for serious imprecision.
There was a high within-trial risk of bias in the included study
that was primarily due to risk of bias in the measurement
of the outcome time to complete healing and concerns about
selective reporting bias due to discrepancies between the trial
protocol and report. Otherwise, the trial was well performed
in terms of randomisation, allocation concealment, and low
attrition. Hyland 2015 included only paediatric participants with
small burns, therefore there is considerable concern about the
applicability of the evidence to adults or individuals with larger
TBSA injuries. The primary outcome of the study was reported as
dermal preservation, although the primary outcome in the trial
protocol was scar score at six months. The study was therefore
not powered to detect differences in time to complete healing or
postoperative infection, and this may account for the imprecision
of the estimates observed for both outcomes. Heterogeneity and
risk of publication bias were impossible to judge in this review.
Thereis a further randomised study in progress, which may provide
further information on our research question. There is currently
a lack of robust experimental research evaluating hydrosurgery
versus conventional debridement, especially multicentre trials in
the adult population.

Quality of the evidence

There is currently no high-quality evidence supporting
hydrosurgery (over conventional debridement) in the outcomes
studied in this review. The only included study was at high risk of
bias due to selective outcome reporting and other bias through
potentially inconsistent outcome measurement. The results may
not be applicable to all populations, healthcare settings, or burn
injury types, as the study considered paediatric participants in
a high-income location (Sydney, Australia), all of whom had
low %TBSA burn injuries. The study was not powered to detect
differences in time to complete healing or postoperative infections.
There was considerable imprecision in the direction of effects in the
outcome data, manifested in the wide Cls.

Potential biases in the review process

Despite a comprehensive search strategy, it is possible that relevant
studies were missed by the review team. It is possible that we have
not included some unpublished studies.

Agreements and disagreements with other studies or
reviews

Hydrosurgery has been reported to offer potential benefits over
conventional debridement that are desirable to clinicians. These
include an anticipated faster operative time, greater dermal
preservation, and better scar outcomes. Klein 2005 (level 4
evidence; case series) reported on 44 adults with burns receiving
hydrosurgery, describing improved usability, with good but non-
specific outcomes. Cubison 2006 (level 4 evidence; case series)
described outcomes for seven paediatric patients who underwent
hydrosurgical debridement for burns, reporting superior dermal
preservation and postoperative scar outcomes. Gurunluoglu 2007
(level 4 evidence; case series) described outcomes for 15 adult
patients undergoing hydrosurgical debridement with wounds,
including one with burns, and reported a faster operating time and
fewer procedures. Matsumura 2012 (level 4 evidence; case series)
studied outcomes of hydrosurgery in 47 adults, of whom 21 had
burn wounds, and reported a high degree of tissue preservation. A
large non-randomised comparative cohort study of hydrosurgeryin
2113 adult and paediatric burns found that use of hydrosurgery was
associated with less blood loss, fewer procedures, and a shorter
hospital stay compared with mixed conventional and hydrosurgical
techniques (Legemate 2019). Younger patients and those with scald
burns were more likely to have been treated with hydrosurgery.
There is very little in the literature to suggest worse adverse
effects of hydrosurgery compared with conventional debridement.
This review focused on randomised clinical trials and did not
include observational studies, which are often confounded and
at high risk of bias. We have examined the only clinical trial of
hydrosurgery versus conventional debridement that was eligible
forinclusionin the review, the results of which detect no discernible
benefits of hydrosurgery over conventional debridement (1 study,
61 participants, very low-certainty evidence). Thisisin contrast with
the results of the aforementioned previous studies. Three recent
systematic reviews have evaluated hydrosurgery for burn wounds,
which included a mixture of randomised and non-randomised
studies (Edmondson 2018; Kakagia 2018; Kwa 2019). All three
reviews concluded that further RCTs are required, which is in
agreement with this review.

AUTHORS' CONCLUSIONS

Implications for practice

This review contains one randomised trial of hydrosurgery versus
conventional debridement in a paediatric population with low
percentage of total body surface area burn injuries. Based on
the available trial data, there is very low-certainty evidence that
there may be little or no difference between hydrosurgery and
conventional debridement in terms of mean time to complete
healing and postoperative infection after skin graft.

Implications for research

Further  prospective research, both experimental and
observational, is required to assess the effect of hydrosurgery in
terms of clinically important outcomes. Large-scale observational
studies that explore trends in the use of hydrosurgery for burns,
particularly in relation to global health provision, resource use, and
demographics of patients receiving it, could inform future trials.
Resource use and health economic outcomes are important in all
future studies to determine the cost-effectiveness of hydrosurgery
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compared with conventional debridement. The authors of
Legemate 2018 have published a protocol for a randomised
controlled trial of hydrosurgery versus conventional debridement
for deep partial-thickness burns prior to skin grafting, with a focus
on long-term (12 months) patient-reported outcome measures.
This trial is currently ongoing and in the recruitment phase.
Multicentre randomised controlled trials comparing hydrosurgery
with conventional debridement in both adult and paediatric
populations are required to determine the effectiveness and cost-
effectiveness of hydrosurgery in acute burn injury.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Hyland 2015

Study characteristics

Methods

2-arm randomised controlled trial
Conducted in Sydney, Australia

Follow-up: 6 months

Participants

61 paediatric participants with acute partial-thickness burns TBSA 3% to 4%

Inclusion criteria: children less than 16 years of age with acute partial-thickness burns undergoing de-
bridement and SSG

Exclusion criteria: children with full-thickness burns, facial burns, and those requiring delayed or
staged skin grafting

Interventions

Intervention arm: Versajet Il Exact (Smith+Nephew) hydrosurgical system wound debridement and
SSG

Control arm: conventional tangential burn wound debridement using a Goulian knife and SSG

Co-intervention: general anaesthesia, antiseptic povidone-iodine operative site preparation, sterile
draping

Outcomes Primary review outcomes: time to complete healing, postoperative infection
Secondary review outcomes: operative time, scar outcome

Notes The primary outcome of the study was dermal preservation as measured by a 2-millimetre punch biop-
sy taken pre- and postoperatively.
All wounds had healed by the end of the study period.
There was a key difference between the study protocol and report in the power calculation and prima-
ry outcome. We sought further information from the authors who clarified that the study was powered
to detect a difference in the primary outcome of dermal preservation, despite this being different from
the protocol (see 'Risk of bias' table).

Risk of bias

Bias Authors' judgement Support for judgement
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Hyland 2015 (continued)

Random sequence genera-  Low risk The randomisation process was clearly described with no group imbalances.

tion (selection bias)

Allocation concealment Low risk Allocation was concealed until enrolment. Allocation was revealed in the oper-

(selection bias) ating theatre immediately prior to intervention delivery.

Blinding of participants Unclear risk Surgeons were not blinded, which is unavoidable in this study.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Participants and other health professionals were blinded. There were no devi-

sessment (detection bias) ations from the assigned intervention. There was appropriate blinding, no at-

All outcomes trition for outcomes of interest, and no cross-over.

Incomplete outcome data  Low risk There was no attrition.

(attrition bias)

All outcomes

Selective reporting (re- High risk There are some discrepancies between the published article and the proto-

porting bias) col registered in the Australian and New Zealand Clinical Trials Registry (AC-
TRN12610000956000). The protocol states that the primary outcome would be
the modified VSS at 3 months, with secondary outcomes as the % graft take,
microbiology from swabs after debridement, duration of surgery, and histolog-
ical assessment of the remaining dermis after debridement. However, the pub-
lished report states that dermal preservation was the primary outcome. It is
not clear why this change was made. Furthermore, the protocol states that the
target sample size was 150, although the published report states 60 without
any figures to support this power calculation. It is possible that recruitment
was terminated before sufficient individuals were recruited to power the orig-
inal planned primary outcome (modified VSS), so the authors selected a dif-
ferent outcome for the published report (dermal preservation), perhaps be-
cause it was the only comparison to yield a statistically significant difference
between groups. Overall, the risk of bias is high.

Other bias Unclear risk We are told that “time to healing after-skin grafting and burn was also deter-
mined independently by an experienced senior burn nurse as days to com-
plete epithelialisation”, but it is unclear whether grafts/wounds were exam-
ined daily or at wider intervals (e.g. 2 or 3 days), or if this was consistent for
all participants. It is not usual clinical practice to inspect burn wounds/grafts
daily, and so it is likely that there was a greater time interval between wound
inspections. Also, the ability of a nurse to determine re-epithelialisation, the
intra- and inter-rate agreement and threshold used was not stated. Overall,
there are concerns about inconsistency in the measurement of the outcome,
putting this trial at unclear risk of bias for outcome measurement.

Overall risk of bias High risk Overall, there are some concerns that render the overall assessment of bias as

high.

SSG: split-thickness skin grafting
TBSA: total body surface area

VSS: Vancouver Scar Scale

Characteristics of excluded studies [ordered by study ID]
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Study Reason for exclusion

Gravante 2007 Data for target population unavailable

Liu 2016 Incorrect study population

Characteristics of studies awaiting classification [ordered by study ID]

Anniboletti 2011

Methods Randomised comparative study (no further information on study design)

Participants 35 participants (no further information on participants)

Interventions Versajet hydrosurgery system (n = 17) compared to hand-held dermatome escharectomy (n = 18)
Outcomes Primary outcomes were time for complete debridement and the efficacy of Versajet in reaching the

correct dermal plane.
Secondary outcomes were assessment of postoperative pain (visual analogue scale), adverse ef-
fects, and complete healing times.

Notes Conference abstract only.

Corresponding author emailed on two separate occasions with no response.

Characteristics of ongoing studies [ordered by study ID]

Legemate 2018

Study name Long-term scar quality after hydrosurgical versus conventional debridement of deep dermal burns
(HyCon trial)

Methods A multicentre, randomised, intra-patient, controlled trial will be conducted in the Dutch burn cen-
tres of Rotterdam, Beverwijk, and Groningen.

Participants All patients with deep dermal burns that require excision and grafting

Interventions Hydrosurgical debridement versus conventional debridement

Outcomes Scar quality measured by the observer score of the Patient and Observer Scar Assessment Scale
(POSAS)

Starting date 20 January 2017

Contact information Trauma Research Unit Department of Surgery, Erasmus MC, University Medical Center, Rotterdam,
the Netherlands. Email: vliesc@maasstadziekenhuis.nl

Notes Due to complete recruitment at the end of 2019

DATA AND ANALYSES
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Comparison 1. Primary outcomes

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.1 Time to healing postgraft 1 61 Mean Difference (IV, Random, 95% 0.00 [-6.25, 6.25]
Cl)
1.2 Postoperative infection 1 61 Risk Ratio (M-H, Fixed, 95% Cl) 1.33[0.57,3.11]

Analysis 1.1. Comparison 1: Primary outcomes, Outcome 1: Time to healing postgraft

Hydrosurgery Conventional debridement Mean Difference Mean Difference
Study or Subgroup Mean [Days] SD [Days] Total Mean [Days] SD [Days] Total Weight IV, Random, 95% CI [Days] IV, Random, 95% CI [Days]
Hyland 2015 17.8 11.1 30 17.8 13.7 31 100.0% 0.00 [-6.25, 6.25]
Total (95% CI) 30 31 100.0% 0.00 [-6.25, 6.25]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00) -100 50 0 50 100
Test for subgroup differences: Not applicable Favours [hydrosurgery] Favours [conventional]

Analysis 1.2. Comparison 1: Primary outcomes, Outcome 2: Postoperative infection

Hydrosurgery Conventional debridement Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hyland 2015 9 30 7 31 100.0% 1.33[0.57, 3.11]
Total (95% CI) 30 31 100.0% 1.33[0.57,3.11]
Total events: 9 7
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.65 (P = 0.51) Hydrosurgery Conventional debridement

Test for subgroup differences: Not applicable

Comparison 2. Secondary outcomes

Outcome or subgroup title  No. of studies No. of partici- Statistical method Effect size
pants
2.1 Operative time 1 61 Mean Difference (IV, Random, 95% 0.20[-12.15,12.55]
Cl)

Analysis 2.1. Comparison 2: Secondary outcomes, Outcome 1: Operative time

Hydrosurgery Conventional debridement Mean Difference Mean Difference

Study or Subgroup Mean [Minutes] SD [Minutes] Total Mean [Minutes] SD [Minutes] Total Weight 1V, 95% CI [Mi v, d 95% CI [Mis

Hyland 2015 4.7 19.7 30 42.5 28.8 31 100.0% 0.20 [-12.15, 12.55]

Total (95% CI) 30 31 100.0% 0.20 [-12.15, 12.55]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.03 (P = 0.97) -100 50 0 50 100

Test for subgroup differences: Not applicable Favours [hydrosurgery] Favours [conventional]
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APPENDICES

Appendix 1. Search strategies

Cochrane Wounds Specialised Register

1 MESH DESCRIPTOR Burns EXPLODE ALL AND INREGISTER

2 burn or burns or burned or scald* AND INREGISTER

3 (thermal next injur*) AND INREGISTER

4#1 OR#2 OR#3

5 MESH DESCRIPTOR Debridement EXPLODE ALL AND INREGISTER
6 MESH DESCRIPTOR Hydrotherapy EXPLODE ALL AND INREGISTER
7 hydrosurg* AND INREGISTER

8 hydro-surg® AND INREGISTER

9 (hydroscalpel* or hydro-scalpel*) AND INREGISTER

10 versajet* AND INREGISTER

11 water next jet* AND INREGISTER

12 waterjet* AND INREGISTER

13 water-jet* AND INREGISTER

14 fluid next jet* AND INREGISTER

15 fluidjet* AND INREGISTER

16 fluid-jet* AND INREGISTER

17 debrid* AND INREGISTER

18 hydro next jet* AND INREGISTER

19 hydrojet* AND INREGISTER

20 hydro-jet* AND INREGISTER

21 #5 0R#6 OR#7 OR#8 OR#9 OR #10 OR #11 OR#12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20
22 #4 AND #21

The Cochrane Central Register of Controlled Clinical Trials (CENTRAL)
#1 MeSH descriptor: [Burns] explode all trees

#2 burn or burns or burned or scald*:ti,ab,kw

#3 (thermal next injur*):ti,ab,kw

#4 #1 or #2 or #3

#5 MeSH descriptor: [Debridement] explode all trees

#6 MeSH descriptor: [Hydrotherapy] explode all trees

#7 hydrosurg*:ti,ab,kw

#8 hydro-surg*:ti,ab,kw
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#9 (hydroscalpel* or hydro-scalpel*):ti,ab,kw

#10 versajet*:ti,ab,kw

#11 water next jet™:ti,ab,kw
#12 waterjet™:ti,ab,kw

#13 water-jet*:ti,ab,kw

#14 fluid next jet*:ti,ab,kw
#15 fluidjet*:ti,ab,kw

#16 fluid-jet™:ti,ab,kw

#17 debrid*:ti,ab,kw

#18 hydro next jet*:ti,ab,kw
#19 hydrojet*:ti,ab,kw

#20 hydro-jet™*:ti,ab,kw

#21 #5 or#6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20
#22 #4 and #21

Ovid MEDLINE

1 exp Burns/

2 (burn or burns or burned or scald*).ab;ti.
3 (thermal adj injur*).abiti.
4lor2or3

5 exp Debridement/

6 exp Hydrotherapy/

7 hydrosurg*.abti.

8 hydro-surg*.abiti.

9 hydroscalpel*.ab.ti.

10 hydro-scalpel*.ab;ti.

11 versajet*.ab;ti.

12 (water adj jet*).abti.

13 waterjet*.ab,ti.

14 water-jet*.abti.

15 (fluid adj jet*).abti.

16 fluidjet*.abti.

17 fluid-jet*.abti.

18 debrid*.abti.

19 (hydro adj jet*).abti.

20 hydrojet*.ab;ti.
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21 hydro-jet*.abti.

2250r6or7or8or9orl0orllorl2orl3orl4orl5orl6orl7orl8orl9or20or2l
234 and 22

24 randomized controlled trial.pt.
25 controlled clinical trial.pt.

26 randomi?ed.ab.

27 placebo.ab.

28 clinical trials as topic.sh.

29 randomly.ab.

30 trial.ti.

31 0r/24-30

32 exp animals/ not humans.sh.
3331 not32

3423and 33

Ovid Embase

1 exp burn/

2 (burn or burns or burned or scald*).ab;ti.
3 (thermal adj injur*).abiti.
4lor2or3

5 exp debridement/

6 exp hydrotherapy/

7 hydrosurg*.abti.

8 hydro-surg*.abiti.

9 hydroscalpel*.ab.ti.

10 hydro-scalpel*.ab;ti.

11 versajet*.ab;ti.

12 (water adj jet*).abti.

13 waterjet*.ab,ti.

14 water-jet*.abti.

15 (fluid adj jet*).abti.

16 fluidjet*.abti.

17 fluid-jet*.abti.

18 debrid*.abti.

19 (hydro adj jet*).abti.

20 hydrojet*.ab;ti.
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21 hydro-jet*.abti.

2250r6or7or8or9orl0orllorl2orl3orl4orl5orl6orl7orl8orl9or20or2l
234 and 22

24 Randomized controlled trials/

25 Single-Blind Method/

26 Double-Blind Method/

27 Crossover Procedure/

28 (random* or factorial* or crossover* or cross over* or cross-over* or placebo* or assign* or allocat* or volunteer*).ti,ab.
29 (doubl* adj blind*).ti,ab.

30 (singl* adj blind*).ti,ab.

31 0r/24-30

32 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/
33 human/ or human cell/

34 and/32-33

3532 not 34

3631 not35

3723and 36

EBSCO CINAHL Plus

S$36 S22 AND S35

S35 523 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34
S34 Tl allocat* random™ or AB allocat* random*

S33 MH "Quantitative Studies"

S32 Tl placebo* or AB placebo*

S31 MH "Placebos"

S30 Tl random™ allocat* or AB random™* allocat*

$29 MH "Random Assignment"

S28 Tl randomi?ed control* trial* or AB randomi?ed control* trial*

S27 AB ( singl* or doubl* or trebl* or tripl* ) and AB ( blind* or mask* )

S26 Tl ( singl* or doubl* or trebl* or tripl* ) and TI ( blind* or mask*)

S25 Tl clinic* N1 trial* or AB clinic* N1 trial*

S24 PT Clinical trial

S23 MH "Clinical Trials+"

S22 S4 AND S21

S21S50R S6 ORS7ORS8OR S90OR S10 ORS11 ORS120RS13 OR S14 ORS150R S16 OR S17 OR S18 OR S19 OR S20

S20 Tl hydro-jet* OR AB hydro-jet*
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S19 Tl hydrojet* OR AB hydrojet*

S18 Tl hydro jet* OR AB hydro jet*

S17 Tl debrid* OR AB debrid*

S16 Tl fluid-jet* OR AB fluid-jet*

S15 Tl fluidjet* OR AB fluidjet*

S14 Tl fluid jet* OR AB fluid jet*

S13 Tl water-jet* OR AB water-jet*

S12 Tl waterjet* OR AB waterjet*

S11 Tl water jet* OR AB water jet*

S10 Tl versajet” OR AB versajet*

S9 Tl ( (hydroscalpel* or hydro-scalpel*) ) OR AB ( (hydroscalpel* or hydro-scalpel*) )

S8 Tl hydro-surg* OR AB hydro-surg*

S7 Tl hydrosurg* OR AB hydrosurg*

S6 (MH "Hydrotherapy+")

S5 (MH "Debridement+")

S4S10RS20RS3

S3 Tl (thermal injur*) OR AB (thermal injur*)

S2 Tl (burn or burns or burned or scald*) OR AB ( burn or burns or burned or scald*)

S1 (MH "Burns+")

US National Institutes of Health Ongoing Trials Register (ClinicalTrials.gov)

(debridement OR hydrosurgery OR waterjet OR hydrojet OR fluidjet OR versajet OR hydroscalpel) | Burns

Burn | (debridement OR hydrosurgery OR hydrojet OR waterjet OR fluidjet OR versajet OR hydroscalpel )

scald | (debridement OR hydrosurgery OR hydrojet OR waterjet OR fluidjet OR versajet OR hydroscalpel)

Thermal Injury | ( debridement OR hydrosurgery OR waterjet OR fluidjet hydrojet OR versajet OR hydroscalpel )

World Health Organization International Clinical Trials Registry Platform

Burns [Title] and debridement OR hydrosurgery OR waterjet OR hydrojet OR fluidjet OR versajet OR hydroscalpel [Interventions]
Burns [Condition] and debridement OR hydrosurgery OR waterjet OR hydrojet OR fluidjet OR versajet OR hydroscalpel [Interventions]
Burn [Title] and debridement OR hydrosurgery OR waterjet OR hydrojet OR fluidjet OR versajet OR hydroscalpel [Interventions]
Burn [Condition] and debridement OR hydrosurgery OR waterjet OR hydrojet OR fluidjet OR versajet OR hydroscalpel [Interventions]
scald [Title} and debridement OR hydrosurgery OR hydrojet OR waterjet OR fluidjet OR versajet OR hydroscalpel [Intervention]
scald [Condition] and debridement OR hydrosurgery OR hydrojet OR waterjet OR fluidjet OR versajet OR hydroscalpel [Intervention]

“Thermal Injury” [Title] debridement OR hydrosurgery OR hydrojet OR waterjet OR fluidjet hydrojet OR versajet OR hydroscalpel
[Intervention]

“Thermal Injury” [Condition] debridement OR hydrosurgery OR hydrojet OR waterjet OR fluidjet hydrojet OR versajet OR hydroscalpel
[Intervention]
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The protocol for this review stated that the outcome ‘percentage of graft take post-debridement’ would be included in the 'Summary of
findings' table. However, this outcome was removed from the protocol during its development as it was felt to be a surrogate outcome
for 'time to complete healing'.

INDEX TERMS

Medical Subject Headings (MeSH)

Bias; Burns [pathology] [*surgery]; Debridement [*methods]; Hydrotherapy [*methods]; Operative Time; Skin Transplantation;
Surgical Wound Infection [epidemiology] [etiology]; Therapeutic Irrigation [methods]; Time Factors; Wound Healing

MeSH check words
Child; Humans
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