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ABSTRACT

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the effects of NPWT for managing traumatic wounds in any care setting.

BACKGROUND

Description of the condition

The World Health Organization estimates that 5.8 million peo-
ple worldwide die from injuries (WHO 2014). These deaths ac-
count for a small proportion of the overall number of injured
(Alexandrescu 2009). Traumatic wounds (wounds caused by in-
jury) range from abrasions and minor skin incisions or lacerations
(tears), to wounds with extensive tissue damage or loss, and may be
associated with injury to underlying structures such as soft tissue,
bone, or viscera (internal organs) (DeBoard 2007; Edlich 2010).
The extent of tissue damage is influenced by the mechanism of
injury. Traumatic wounds can be caused by blunt trauma, pene-
trating trauma, crush injury, blast injury, burns and animal bites.
Surgical wounds can be classified as: clean, clean/contaminated,
contaminated and dirty/infected depending on degree of infection
or bodily fluid contamination (saliva, phlegm, enteric contents or
faeces) (Garner 1985). Acute traumatic wounds can be described

as contaminated or dirty/infected (dependent on the mechanism
and area of the body injured) (Mangram 1999). Older traumatic
wounds that may have retained devitalised (dead) tissue, those
presenting with signs of infection or involving infected material,
and those involving perforated viscera (internal organs) can be de-
scribed as dirty/infected (Mangram 1999). Early management of
traumatic wounds is frequently dictated by the need for urgent
assessment and management of concomitant severe, life-threaten-
ing injuries (Hollander 1995). Ongoing management of traumatic
injuries is governed by the degree of damage to underlying or as-
sociated structures and aims to preserve, or restore, both function
and form thus minimising disability and disfigurement.

Description of the intervention

Negative pressure wound therapy (NPWT) is a technology that is
currently used widely in wound care and is promoted for use on
complex wounds (Guy 2012). NPWT involves the application of a
wound dressing through which a negative pressure is applied, often
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with any wound and tissue fluid drawn away from the area being
collected into a canister. The amount of pressure applied using the
therapy can vary and there is no single protocol for use however,
pressure being delivered ranges from 75mmHg to 150mmHg with
125mmHg being commonly used (Peinemann 2011). The inter-
vention was developed in the 1990s, and the uptake of NPWT in
the healthcare systems of developed countries has been dramatic.
A US Department of Health report estimated that between 2001
and 2007, Medicare payments for NPWT pumps and associated
equipment increased from USD 24 million to USD 164 million
(an increase of almost 600%) (HHS 2009). No national cost data
is available for the UK. Initially only one NPWT manufacturer
supplied NPWT machines (the V.A.C. system: KCI, San Antonio
Texas), however, as the NPWT market has grown, a number of
different commercial NPWT systems have been developed with
machines becoming smaller and more portable. Indeed, the most
recent introduction to the market is a single use, or ‘disposable’,
negative pressure product (e.g. PICO: Smith & Nephew, UK).
Ad hoc, non-commercial , negative pressure devices are also used,
especially in resource-poor settings. These devices tend to use sim-
ple wound dressings, such as gauze, or transparent occlusive (non-
permeable) dressings, with negative pressure generated in hospital
by vacuum suction pumps.

A number of different healthcare professionals prescribe and apply
NPWT, and it is now used both in secondary and primary (com-
munity) care, particularly following the introduction of ambula-
tory systems. Whilst the NPWT systems outlined above differin a
number of respects - such as type of pressure (constant or cyclical)
applied to the wound, the material in contact with the surface of
the wound and also the type of dressing used - the principle of
applying a negative pressure to the wound in a closed environment
is the same for all products.

How the intervention might work

NPWT ostensibly facilitates wound healing via several different
mechanisms. The negative pressure exerted by the dressing causes
deformation of the wound, drawing the skin edges closer together
therefore reducing the volume of tissue and skin needed to heal
the wound (KCI Medical 2012). The pressure effects also cause
strain or tension across the tissue, which is thought to increase
capillary flow, ultimately stimulating granulation tissue formation
and growth of new blood vessels (Saxena 2004). Removal of high
volumes of wound exudate, containing enzymes and other pro-
teins involved in inflammation, may prevent further tissue dam-
age. Removal of this fluid also reduces the frequency of dressing
changes by keeping the surrounding skin dry, particularly around
anatomically-challenging wounds (for example around joints or
skin creases). Manufacturers have also suggested that NPWT re-
moves infected material, which may reduce the bacterial burden
that can delay healing and reconstructive surgery (KCI Medical
2012). The molecular effects of negative pressure on the wound

bed are still being investigated (Glass 2014). NPWT can be used on
traumatic wounds (with or without fasciotomy; opening of fascial
compartment) with the aim of reducing compartment syndrome.
Compartment syndrome occurs when there is increased pressure
within an enclosed muscle compartment (muscle surrounded by
fascial connective tissue) due to injury, reduced arterial blood flow
or reduced venous drainage. The increased pressure can cause ir-
reversible damage to muscles and nerves.

There are some potentially negative aspects associated with
NPWT; these include wound maceration (softening due to pro-
longed exposure to liquid), retention of dressings, and wound in-
fection as well as other injuries (FDA 2011). NPWT devices are
usually worn continually by patients during treatment, they can
interfere with mobility, and, anecdotally, are often noisy, which
prevents some patients from sleeping. However there have been
some recent technological advances of smaller, more portable ma-
chines which may reduce these issues, and may also be more cost-
effective.

Why it is important to do this review

It is important to assess current evidence regarding the clinical-
and cost-effectiveness of NPWT given its widespread use. There is
no national guidance on the use of NPWT in traumatic wounds.
The production of a robust and current systematic review can
contribute to this aim by identifying, appraising and synthesising
the current evidence base to inform decision makers and possibly
guide future research.

OBJECTIVES

To assess the effects of NPWT for managing traumatic wounds in

any care setting.

METHODS

Criteria for considering studies for this review

Types of studies

We will include published and unpublished randomised controlled
trials (RCTs), including cluster RCTs, irrespective of language of
report. We will exclude cross-over trials, as they are not an appro-
priate design in this context. We will also exclude studies using
quasi-randomisation.
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Types of participants

We will consider RCTs recruiting people (adults and children) de-
scribed in the primary report as having traumatic wounds involv-
ing either soft tissue wounds (including for example blunt deglov-
ing injuries (where skin is completely torn off underlying tissue)
and gunshot wounds), or open fractures, managed in any care set-
ting, to be eligible for inclusion. RCTs recruiting people with trau-
matic wounds due to burns will be excluded (including exclusion
of blast-related injuries that are likely to be burns). As the method
of defining soft tissue traumatic wounds may vary, we will accept
definitions as used by the study authors. We will exclude studies
recruiting participants with traumatic wounds alongside people
with other types of wounds unless wound type was stratified for in
the randomisation and data for traumatic wounds are presented

separately.

Types of interventions

The primary intervention of interest is NPWT (both commercial
and non-commercial treatments). We will include any RCT in
which use of a specific NPWT intervention during the treatment
period is the only systematic difference between treatment groups.
We anticipate that likely comparisons will include use of NPWT
during the care pathway compared with no use of NPWT or
comparison of different types/brands of NPWT used during the

care pathway.

Types of outcome measures

We list primary and secondary outcomes below. If a study is oth-
erwise eligible (i.e. correct study design, population and interven-
tion/comparator) but does not report a listed outcome, then we
will contact the study authors where possible to establish whether
an outcome of interest here was measured but not reported.
We will report 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 this
is different from latest time point available). For all outcomes we
will class assessment of outcome measures from:

e one week or less to eight weeks as short term;

e cight weeks to 16 weeks as medium term; and

e more than 16 weeks as long term.

Primary outcomes

The primary outcomes for this review are complete wound healing
and adverse events.

Complete wound healing

For this review we will regard the following as providing the most
relevant and rigorous measures of outcome:

e time to complete wound healing (we will record if this has
been correctly analysed using censored data and with adjustment
for prognostic covariates such as baseline size);

o the proportion of wounds healed (frequency of complete

healing).

Where both the outcomes above are reported we will present all
data in a summary outcome table for reference, but will focus on
reporting time to healing. We will accept study authors’ definitions
of what constituted a healed wound.

Adverse events

We will extract reported data on adverse events that are classed as
serious adverse events’ and ‘non-serious adverse events’ where the
study provides a clear methodology for the collection of adverse
event data. This methodology should make it clear whether events
were reported at the participant level or, where multiple events per
person were reported, that an appropriate adjustment was made
for data clustering. We will not extract individual types of adverse
events such as pain or infection, which require specific assessment,
under this outcome, rather we will use the assessment of any event
classed as adverse by the participant or health professional, or both,
during the trial.

Secondary outcomes

e Proportion of wounds closed with surgery: complete
wound closure (including skin grafting) that was specified as the
result of surgical closure rather than healing.

e Time to surgery: NPWT is often not used until complete
wound healing but until a point where the wound is ready for
further treatment such as closure surgery.

e Participant health-related quality of life/health status
(measured using a standardised generic questionnaire such as
EQ-5D, SE-36, SE-12 or SF-6 or wound-specific questionnaires
such as the Cardiff wound impact schedule). We will not include
ad hoc measures of quality of life that are not likely to be
validated and would not be common to multiple trials.

e Wound recurrence: we will accept study author definitions
of wound recurrence unless it is clear that the term has not been
used to describe the return of a wound that was previously
healed.

e Incidence of compartment syndrome. As defined by study
authors.

e Mean pain scores: (including pain at dressing change) will
be included only where it is reported as either a presence or
absence of pain or as a continuous outcome using a validated
scale such as a visual analogue scale (VAS).

Search methods for identification of studies
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Electronic searches

We will search the following electronic databases for randomised
controlled trials:

o the Cochrane Wounds Specialised Register (to present);

o the Cochrane Central Register of Controlled Trials
(CENTRAL; The Cochrane Library, latest issue);

e Ovid MEDLINE (including In-Process & Other Non-
Indexed Citations, MEDLINE Daily and Epub Ahead of Print)
(1946 to present);

e Ovid Embase (1974 to present);

e EBSCO CINAHL Plus (1937 to present).

The Cochrane Central Register of Controlled Trials (CENTRAL)
search strategy is available in Appendix 1 and this will be adapted
to search MEDLINE, Embase and CINAHL. We will combine
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 2011). We will combine the Embase search with the Ovid
Embase filter developed by the UK Cochrane Centre (Lefebvre
2011). We will combine the CINAHL searches with the trial filters
developed by the Scottish Intercollegiate Guidelines Network (
SIGN 2015). There will be no restrictions with respect to language,
date of publication or study setting.
We will also search the following clinical trials registries for un-
published and ongoing studies:

e ClinicalTrials.gov (www.clinicaltrials.gov/);

e WHO International Clinical Trials Registry Platform
(ICTRP) (www.who.int/ictrp/search/en/).

Searching other resources

We will contact corresponding study authors and the manufac-
turers and distributors of NPWT. We will try to identify other
potentially eligible trials or ancillary publications by searching the
reference lists of retrieved included trials as well as relevant sys-
tematic reviews, meta-analyses, and health-technology assessment
reports.

Data collection and analysis

Selection of studies

Two review authors will independently assess the titles and ab-
stracts of the citations retrieved by the searches for relevance. After
this initial assessment, we will obtain full-text copies of all stud-
ies considered to be potentially relevant. Two review authors will
independently check the full papers for eligibility; we will resolve
any disagreements by discussion and, where required, the input
of a third review author. Where required and possible, we will
contact study authors where the eligibility of a study is unclear.

We will record all reasons for exclusion of studies for which we
had obtained full copies. We will complete a PRISMA flowchart
to summarise this process (Liberati 2009).

Where studies have been reported in multiple publications/reports
we will obtain all publications. Whilst the study will be included
only once in the review, we will extract data from all reports to
ensure maximal relevant data are obtained.

Data extraction and management

We will extract and summarise details of the eligible studies using
a data extraction sheet. Two review authors will extract data inde-
pendently and will resolve disagreements by discussion, drawing
on a third review author where required. Where data are missing
from reports, we will atctempt to contact the study authors to ob-
tain this information. Where a study with more than two interven-
tion arms is included, we will extract only data from intervention
and control groups that meet the eligibility criteria. In the case of
a three-arm trial with two NPWT groups and a control group,
we will extract all data and report comparisons narratively. Review
authors will make a decision as to how to analyse data further but
ensure that multiple analyses, which pose a risk of spurious find-
ings, are avoided. Options include grouping NPWT groups to-
gether or the inclusion of comparisons in different meta-analyses
depending on treatments being evaluated.
We will extract the following data where possible by treatment
group for the pre-specified interventions and outcomes in this re-
view. We will collect outcome data for relevant time points as de-
scribed in Types of outcome measures. Where details are unclear,
we will aim to contact study authors for clarification where possi-
ble:

e country of origin;

e type of wound;

e unit of randomisation (per participant) - single wound or
multiple wounds on the same participant;

e unit of analysis;
trial design, for example, 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;
duration of treatment;
details of any co-interventions;

primary and secondary outcome(s) (with definitions);

outcome data for primary and secondary outcomes (by
group);

duration of follow-up;

number of withdrawals (by group);

publication status of study; and

source of funding for trial.
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Assessment of risk of bias in included studies

Two review authors will independently assess included studies us-
ing the Cochrane tool for assessing risk of bias (Higgins 2011a).
This tool addresses six specific domains: sequence generation, allo-
cation concealment, blinding, incomplete data, selective outcome
reporting and other issues. In this review we will record issues
with unit of analysis, for example where a cluster trial has been
undertaken but analysed at the individual level in the study re-
port (Appendix 2). We will assess blinding and completeness of
outcome data for each of the review outcomes separately. We note
that, since wound healing is a subjective outcome, it can be at
high risk of measurement bias when outcome assessment is not
blinded. We will present our assessment of risk of bias using two
’risk of bias’ summary figures; one which is a summary of bias for
each item across all studies, and a second which shows a cross-
tabulation of each trial by all of the risk of bias items. We will class
studies with an assessment of high risk of bias for the randomisa-
tion sequence domain and/or the allocation concealment domain
and/or the blinded outcome assessment domain (for specified out-
come) as being at overall high risk of bias (for specified outcome).
For trials using cluster randomisation, we will also consider the
risk of bias considering recruitment bias, baseline imbalance, loss
of clusters, incorrect analysis and comparability with individually
randomised trials (Higgins 2011b) (Appendix 3).

Measures of treatment effect

For dichotomous outcomes we will calculate the risk ratio (RR)
with 95% confidence intervals (CI). For continuously distributed
outcome data we will use the mean difference (MD) with 95%
ClIs, if all trials use the same or similar assessment scale. If trials
use different assessment scales, we will use the standardised mean
difference (SMD) with 95% CIs. We will only consider mean or
median time to healing without survival analysis as a valid out-
come if reports specify that all wounds healed (i.e. if the trial au-
thors regarded time-to-healing as a continuous measure as there
is no censoring). We will report time-to-event data (e.g. time-to-
complete wound healing) as hazard ratios (HR), where possible in
accordance with the methods described in the Cochrane Handbook
Sfor Systematic Reviews of Interventions (Decks 2011). If studies re-
porting time to event data (e.g. time to healing) do not report a
hazard ratio, then, where feasible, we plan to estimate this using
other reported outcomes, such as the numbers of events, through
the application of available statistical methods (Parmar 1998).

Unit of analysis issues

Where studies randomise at the participant level and measure out-
comes at the wound level, for example, wound healing, we will
treat the participant as the unit of analysis when the number of
wounds assessed appears equal to the number of participants (e.g.
one wound per person).

Particular unit of analysis issues in wound care trials can occur
when (1) studies randomise at the participant level, use the al-
located treatment on multiple wounds per participant, and then
analyse outcomes per wound, or (2) studies undertake multiple
assessments of an outcome over time per participant. These ap-
proaches should be treated as cluster trials, alongside more stan-
dard cluster designs such as delivery of interventions at an organ-
isational level.

Where a cluster trial has been conducted and correctly analysed, we
plan to use the generic inverse-variance method in Review Man-
ager (RevMan) (RevMan 2014) to meta-analyse effect estimates
and their standard errors.

We will record where a cluster-randomised trial has been con-
ducted but incorrectly analysed. This will be recorded as part of
the risk of bias assessment. If possible we will approximate the
correct analyses based on guidance in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011c¢) using informa-
tion on:

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

e the outcome data ignoring the cluster design for the total
number of individuals (for example, number or proportion of
individuals with events, or means and standard deviations);

e and an estimate of the intracluster (or intraclass) correlation

coefficient ICC).

If the study data cannot be analysed correctly, we will extract and
present outcome data but not analyse them further.

We will also note when randomisation has been undertaken at the
wound level; that is a split-site or split-body design. We will assess
whether the correct paired analysis has been undertaken in the
study. Again, we will record issues in the "Risk of bias’ section. Ifan
incorrect analysis has been undertaken we will try and approximate
a correct analysis if the required data are available from the study
reportor the study authors. If this is not possible we will extractand
present the relevant outcome data but not analyse them further.

Dealing with missing data

It is common to have data missing from trial reports. Exclud-
ing participants post-randomisation from the analysis, or ignoring
those participants who are lost to follow-up compromises the ran-
domisation, and potentially introduces bias into the trial. Where
there are missing data that the review authors think should be in-
cluded in the analyses, we will contact the relevant study authors
to request whether these data are available.

Where data remain missing for proportion of wounds healed data,
for analysis we will assume that if randomised participants were
not included in an analysis, their wound did not heal (i.e. they
would be considered in the denominator but not the numerator).
In a time-to-healing analysis using survival analysis methods, drop-
outs should be accounted for as censored data so we will not take
any action regarding missing data.
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For all secondary outcomes we will present available data from
the study reports/study authors and do not plan to impute miss-
ing data. Where measures of variance are missing we will calcu-
late these wherever possible. If calculation is not possible we will
contact study authors. Where these measures of variation are not
available the study will be excluded from any relevant meta-anal-
yses that are conducted.

Assessment of heterogeneity

Assessment of heterogeneity can be a complex, multi-faceted pro-
cess. Firstly, we will consider clinical and methodological het-
erogeneity: that is the degree to which the included studies vary
in terms of participant, intervention, outcome and characteris-
tics such as length of follow-up. This assessment of clinical and
methodological heterogeneity will be supplemented by informa-
tion regarding statistical heterogeneity, assessed using the Chi? test
(a significance level of P < 0.10 will be considered to indicate
statistically significant heterogeneity) in conjunction with the I2
statistic (Higgins 2003). I? examines the percentage of total vari-
ation across RCTs that is due to heterogeneity rather than chance
(Higgins 2003). In general 12 values of 40%, or less, may not be
important (Higgins 2003), and values of more than 75%, or more,
indicate considerable heterogeneity (Deeks 2011). However, these
figures are only a guide and it has been recognised that statistical
tests and metrics may miss important heterogeneity. Thus, whilst
these will be assessed, the overall assessment of heterogeneity will
assess these measures in combination with the methodological and
clinical assessment of heterogeneity. Where there is evidence of
high heterogeneity we will attempt to explore this further: see Data
synthesis for further information about how potential heterogene-
ity be will handled in the data analyses.

Assessment of reporting biases

Reporting biases arise when the dissemination of research findings
is influenced 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 as-
sessment 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 plan to present
funnel plots for meta-analyses comprising 10 RCTs or more using
RevMan 5 (RevMan 2014).

Data synthesis

We will combine details of included studies in a narrative review
according to type of comparator, possibly by location or type of
wound (also cause of trauma) and then by outcomes by time pe-
riod. We will consider clinical and methodological heterogeneity

and undertake pooling when studies appear appropriately similar
in terms of wound type, intervention type, duration of follow-up
and outcome type, thus synthesis is considered viable.

In terms of meta-analytical approach our default approach will be
to use the random-effects model. We will only use a fixed-effect ap-
proach when clinical heterogeneity is thought to be minimal and
statistical heterogeneity is estimated as non-statistically significant
for the Chi? value and 0% for the I? assessment (Kontopantelis
2012a). We will adopt this approach as it is recognised that sta-
tistical assessments can miss potentially important between-study
heterogeneity in small samples, hence the preference for the more
conservative random-effects model (Kontopantelis 2012b). Where
clinical heterogeneity is thought to be acceptable or of interest we
may meta-analyse even when statistical heterogeneity is high but
we will attempt to interpret the causes behind this heterogeneity
and will consider using meta-regression for that purpose, if possi-
ble (Thompson 1999).

We will present data using forest plots where possible. For dichoto-
mous outcomes we will present the summary estimate as a risk ra-
tio (RR) with 95% CI. Where continuous outcomes are measured
in the same way across studies, we plan to present a pooled mean
difference (MD) with 95% CI; we plan to pool standardised mean
difference (SMD) estimates where studies measure the same out-
come using different methods. For time-to-event data, we plan to
plot (and, if appropriate, pool) estimates of hazard ratios and 95%
Cls as presented in the study reports using the generic inverse-
variance method in RevMan 5.3 (RevMan 2014). Where time-to-
healing is analysed as a continuous measure but it is not clear if all
wounds healed, we will document use of the outcome in the study
but data will not be summarised or used in any meta-analysis.
We will obtain pooled estimates of treatment effect using Cochrane
RevMan software (version 5.3) (RevMan 2014).

’Summary of findings’ tables

We will present the main results of the review in ’Summary of
findings’ tables. These tables present key information concerning
the quality 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 ’Summary of findings’
tables also include an overall grading of the evidence related to each
of the main outcomes using the GRADE approach, which defines
the quality of a body of evidence as the extent to which one can
be confident that an estimate of effect or association is close to the
true quantity of specific interest. The quality 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). We
plan to present the following outcomes in the ’Summary of find-
ings tables:
e time to complete wound healing where analysed using

appropriate survival analysis methods
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e time to reconstructive surgery or surgical wound closure

e proportion of wounds completely healed during the trial
period (with or without surgery)

o adverse events

e mean pain scores.

Subgroup analysis and investigation of heterogeneity

If there is heterogeneity in the primary outcome of complete heal-
ing, we will investigate it using the following pre-specified sub-
group analyses, provided there are at least two studies per sub-
group:

e type of traumatic wound

e grade of wound injury

e contamination level of wounds.

Sensitivity analysis
Where possible we plan to perform sensitivity analyses to explore
the effect of the following:

e removal of studies classed at high risk of bias for any
domain.

ACKNOWLEDGEMENTS

The authors are grateful to the following peer reviewers for their
time and comments: Andrew Jull, Zipporah Theozor-Ejiofor, Paulo
Alves, Farrah-Hani Imran, Abraham D Janis, Janet Wale. The
authors would like to acknowledge the contribution of Denise
Mitchell, copy editor.

REFERENCES

Additional references

Alexandrescu 2009
Alexandrescu R, O’Brien SJ, Lecky FE. A review of injury
epidemiology in the UK and Europe: some methodological
considerations in constructing rates. BMC Health 2009;9:
226.

DeBoard 2007
DeBoard RH, Rondeau DE Kang CS, Sabbaj A, McManus
JG. Principles of basic wound evaluation and management
in the emergency department. Emergency Medicine Clinics

of North America 2007;25:23-39.

Deeks 2011
Deceks JJ, Higgins JP, Altman DG (editors). Chapter 9:
Analysing data and undertaking meta-analyses. In: Higgins
JP, Green S, editor(s). Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (updated March
2011). The Cochrane Collaboration, 2011. Available from
handbook.cochrane.org.

Edlich 2010
Edlich RE Rodeheaver GT, Thacker JG, Lin KY, Drake DB,
Mason SS, et al. Revolutionary advances in the management
of traumatic wounds in the emergency department during
the last 40 years: part L.. Journal of Emergency Medicine 38:
40-50.

FDA 2011
US Food, Drug Administration (FDA). Class II
special controls guidance document: non-powered
suction apparatus device intended for negative pressure
wound therapy (NPWT). www.fda.gov/downloads/
MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/UCM233279.pdf (accessed 8
February 2016).

Garner 1985
Garner JS, Centers for Disease Control and
Prevention. Guideline for prevention of surgical wound

infections. wonder.cdc.gov/wonder/prevguid/p0000420/
p0000420.asp (accessed 8 February 2016).

Glass 2014
Glass GE, Murphy GFE, Esmaeili A, Lai LM, Nachahal J.
Systematic review of molecular mechanism of action of

negative-pressure wound therapy. British Journal of Surgery
2014;101:1627-36.

Guy 2012
Guy H, Grothier I. Using negative pressure therapy in
wound healing. Nursing Times 2012;108(18):20.

HHS 2009
Office of Inspector General, US Department of Health and
Human Services (HHS). Comparison of prices for negative
pressure wound therapy pumps. oig.hhs.gov/oei/reports/
0ei-02-07-00660.pdf. OEI-02-07-00660 (accessed 8
February 2016).

Higgins 2003
Higgins JP, Thompson SG, Decks JJ, Altman DG.
Measuring inconsistency in meta-analyses. BMJ 2003;327
(7414):557-60.

Higgins 2011a
Higgins JP, Altman DG, Sterne, JA (editors). Chapter 8:
Assessing risk of bias in included studies. In: Higgins JB,
Green S, editor(s). Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (updated March
2011). The Cochrane Collaboration, 2011. Available from

handbook.cochrane.org.

Higgins 2011b
Higgins JP, Decks JJ, Altman DG (editors). Chapter
16: Special topics in statistics. In: Higgins JB, Green S,
editor(s). Cochrane Handbook for Systematic Reviews
of Interventions Version 5.1.0 (updated March 2011).
The Cochrane Collaboration, 2011. Available from

handbook.cochrane.org.

Negative pressure wound therapy for traumatic wounds (Protocol)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Higgins 2011c
Higgins JP, Decks JJ. Chapter 7: Selecting studies and
collecting data. In: Higgins JP, Green S, editor(s). Cochrane
Handbook for Systematic Reviews of Interventions Version
5.1.0 (updated March 2011). The Cochrane Collaboration,
2011. Available from handbook.cochrane.org.

Hollander 1995
Hollander JE, Singer AJ, Valentine S, Henry MC. Wound
registry: development and validation. Annals of Emergency
Medicine 1995;5(25):475-85.

KCI Medical 2012
KCI Medical. Science behind wound therapy.
www.kcil.com/KCI1/sciencebehindwoundtherapy
(accessed 8 February 2016).

Kontopantelis 2012a
Kontopantelis E, Reeves D. Performance of statistical
methods for meta-analysis when true study effects are
non-normally distributed. Statistical Methods Methodology
Research 2012;21:409-26.

Kontopantelis 2012b
Kontopantelis E, Springate DA, Reeves D. A re-analysis
of the Cochrane library data: the dangers of unobserved
heterogeneity in meta-analysis. PLoS One 2013;8:¢69930.

Lefebvre 2011
Lefebvre C, Manheimer E, Glanville J. Chapter 6: Searching
for studies. In: Higgins JB, Green S, editor(s). Cochrane
Handbook for Systematic Reviews of Interventions Version
5.1.0 (updated March 2011). The Cochrane Collaboration,
2011. Available from handbook.cochrane.org.

Liberati 2009
Liberati A, Altman DG, Tetzlaff ], Mulrow C, Gotzsche PC,
Toannidis JB, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate
health care interventions: explanation and elaboration.
PL0S Medicine 2009;6:¢1000100.

Mangram 1999
Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis
WR. Guideline for prevention of surgical site infection.
Infection Control and Hospital Epidemiology 1999;20(4):
247-78.

Parmar 1998
Parmar MKB, Torri V, Stewart L. Extracting summary
statistics to perform meta-analyses of the published
literature for survival endpoints. Statistics in Medicine 1998;
17:2815-34.

Peinemann 2011
Peinemann F, Sauerland S. Negative-pressure wound
therapy: systematic review of randomized controlled trials..
Deutsches Arzteblatt International 2011;108:381-9.

RevMan 2014 [Computer program]
Nordic Cochrane Centre, The Cochrane Collaboration.
Review Manager 5 (RevMan 5). Version 5.3. Copenhagen:
Nordic Cochrane Centre, The Cochrane Collaboration,
2014.

Saxena 2004
Saxena V, Hwang CW, Huang S, Eichbaum Q, Ingber D,
Orgill DP. Vacuum-assisted closure: microdeformations of
wounds and cell proliferation. Plastic and Reconstive Surgery

2004 Oct;11(5):1086-96.

Schiinemann 2011a
Schiinemann HJ, Oxman AD, Higgins JB, Vist GE,
Glasziou B, Guyatt GH. Chapter 11: Presenting results
and *Summary of findings’ tables. In: Higgins JP, Green
S, editor(s). Cochrane Handbook for Systematic Reviews
of Interventions Version 5.1.0 (updated March 2011).
The Cochrane Collaboration, 2011. Available from

handbook.cochrane.org.

Schiinemann 2011b
Schiinemann HJ, Oxman AD, Higgins JB, Decks JJ,
Glasziou P, Guyatt GH. Chapter 12: Interpreting results
and drawing conclusions. In: Higgins JB, Green S,
editor(s). Cochrane Handbook for Systematic Reviews
of Interventions Version 5.1.0 (updated March 2011).
The Cochrane Collaboration, 2011. Available from
handbook.cochrane.org.

SIGN 2015
Scottish Intercollegiate Guidelines Network (SIGN). Search
filters. www.sign.ac.uk/methodology/filters.html#random
(accessed 22 February 2016).

Sterne 2011
Sterne JA, Egger M, Moher D. Chapter 10: Addressing
reporting biases. In: Higgins JB, Green S, editor
(s). Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0 (updated March 2011).
The Cochrane Collaboration, 2011. Available from
handbook.cochrane.org.

Thompson 1999
Thompson SG, Sharp SJ. Explaining heterogeneity in meta-
analysis: a comparison of methods. Statistics in Medicine

1999;18:2693-708.

WHO 2014
World Health Organization (WHO). Injuries and violence:
the facts. 2014. apps.who.int/iris/bitstream/10665/
149798/1/9789241508018_eng.pdf (accessed 31 October
2016).

* Indicates the major publication for the study

Negative pressure wound therapy for traumatic wounds (Protocol)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



APPENDICES

Appendix |I. Cochrane Central Register of Controlled Trials (CENTRAL) provisional search strategy

#1 MeSH descriptor: [Wounds, Penetrating] explode all trees

#2 MeSH descriptor: [Lacerations] explode all trees

#3 MeSH descriptor: [Fractures, Open] explode all trees

#4 (laceration* or gunshot or “gun shot” or “stab” or stabbing or stabbed):ti,ab,kw
#5 (traumatic next wound* or acute next wound*):ti,ab,kw

#6 (“mechanical trauma” or polytrauma):ti,ab,kw

#7 ((blast or crush or avulsion) next injur*):ti,ab,kw

#8 {or #1-#7)

#9 MeSH descriptor: [Negative-Pressure Wound Therapy] explode all trees

#10 MeSH descriptor: [Suction] explode all trees

#11 MeSH descriptor: [Vacuum] explode all trees

#12 (“negative pressure” or negative-pressure or TNP or NPWT):ti,ab,kw

#13 (sub-atmospheric or subatmospheric):ti,ab,kw

#14 ((seal* next surface*) or (seal* next aspirat*)):ti,ab,kw

#15 (wound near/3 suction™):ti,ab,kw

#16 (wound near/3 drainage):ti,ab,kw

#17 ((foam near suction) or (suction near dressing®)):ti,ab,kw

#18 (“vacuum assisted closure” or VAC):ti,ab,kw

#19 ((vacuum near therap*) or (vacuum near dressing*) or (vacuum near seal*) or (vacuum near closure) or (vacuum near compression)
or (vacuum near pack®) or (vacuum near drainage) or (suction® near drainage)):ti,ab,kw
#20 for #9-#19}

#21 {and #8, #20} in Trials

Appendix 2. Risk of bias assessment (individually randomised controlled trials)

I Assessment of risk of bias (individually randomised controlled trials)

I. Was the allocation sequence randomly generated?

Low risk of bias

The investigators describe a random component in the sequence generation process such as: referring to a random number table; using
a computer random number generator; coin tossing; shuffling cards or envelopes; throwing dice; drawing of lots.

High risk of bias

The investigators describe a non-random component in the sequence generation process. Usually, the description would involve some
systematic, non-random approach, for example: sequence generated by odd or even date of birth; sequence generated by some rule
based on date (or day) of admission; sequence generated by some rule based on hospital or clinic record number.

Unclear

Insufficient information about the sequence generation process to permit judgement of low or high risk of bias.
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2. Was the treatment allocation adequately concealed?

Low risk of bias

Participants and investigators enrolling participants could not foresee assignment because one of the following, or an equivalent
method, was used to conceal allocation: central allocation (including telephone, web-based and pharmacy-controlled randomisation);
sequentially numbered drug containers of identical appearance; sequentially numbered, opaque, sealed envelopes.

High risk of bias

Participants or investigators enrolling participants could possibly foresee assignments and thus introduce selection bias, such as allocation
based on: use of an open random allocation schedule (e.g. a list of random numbers); assignment envelopes without appropriate
safeguards (e.g. envelopes were unsealed, non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record
number; any other explicitly unconcealed procedure.

Unclear

Insufficient information to permit judgement of low or high risk of bias. This is usually the case if the method of concealment is not
described or not described in sufficient detail to allow a definite judgement, for example if the use of assignment envelopes is described,
but it remains unclear whether envelopes were sequentially numbered, opaque and sealed.

3. Blinding - was knowledge of the allocated interventions adequately prevented during the study?

Low risk of bias

Any one of the following,

e No blinding, but the review authors judge that the outcome and the outcome measurement are not likely to be influenced by
lack of blinding.

e Blinding of participants and key study personnel ensured, and unlikely that the blinding could have been broken.

e Either participants or some key study personnel were not blinded, but outcome assessment was blinded and the non-blinding of
others unlikely to introduce bias.

High risk of bias

Any one of the following,
e No blinding or incomplete blinding, and the outcome or outcome measurement is likely to be influenced by lack of blinding.
o Blinding of key study participants and personnel attempted, but likely that the blinding could have been broken.
o Either participants or some key study personnel were not blinded, and the non-blinding of others likely to introduce bias.

Unclear

Either of the following.
e Insufficient information to permit judgement of low or high risk of bias.
e The study did not address this outcome.

4. Were incomplete outcome data adequately addressed?

Low risk of bias

Any one of the following.
e No missing outcome data.
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e Reasons for missing outcome data unlikely to be related to true outcome (for survival data, censoring unlikely to be introducing
bias).

e Missing outcome data balanced in numbers across intervention groups, with similar reasons for missing data across groups.

e For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk not enough to have a
clinically relevant impact on the intervention effect estimate.

e For continuous outcome data, plausible effect size (difference in means or standardised difference in means) among missing
outcomes not enough to have a clinically relevant impact on observed effect size.

e Missing data have been imputed using appropriate methods.

High risk of bias

Any one of the following.

e Reason for missing outcome data likely to be related to true outcome, with either imbalance in numbers or reasons for missing
data across intervention groups.

e For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk enough to induce
clinically relevant bias in intervention effect estimate.

e For continuous outcome data, plausible effect size (difference in means or standardised difference in means) among missing
outcomes enough to induce clinically relevant bias in observed effect size.

o ‘As-treated’ analysis done with substantial departure of the intervention received from that assigned at randomisation.

e Potentially inappropriate application of simple imputation.

Unclear

Either of the following:

o Insufficient reporting of attrition/exclusions to permit judgement of low or high risk of bias (e.g. number randomised not stated,
no reasons for missing data provided).

e The study did not address this outcome.

5. Are reports of the study free of suggestion of selective outcome reporting?

Low risk of bias

Either of the following.

e The study protocol is available and all of the study’s pre-specified (primary and secondary) outcomes that are of interest in the
review have been reported in the pre-specified way.

o The study protocol is not available but it is clear that the published reports include all expected outcomes, including those that
were pre-specified (convincing text of this nature may be uncommon).

High risk of bias

Any one of the following.

e Not all of the study’s pre-specified primary outcomes have been reported.

e One or more primary outcomes are reported using measurements, analysis methods or subsets of the data (e.g. subscales) that
wetre not pre-specified.

e One or more reported primary outcomes were not pre-specified (unless clear justification for their reporting is provided, such as
an unexpected adverse effect).

e One or more outcomes of interest in the review are reported incompletely so that they cannot be entered in a meta-analysis.

e The study report fails to include results for a key outcome that would be expected to have been reported for such a study.

Unclear

Insufficient information to permit judgement of low or high risk of bias. It is likely that the majority of studies will fall into this category.
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6. Other sources of potential bias

Low risk of bias

The study appears to be free of other sources of bias.

High risk of bias

There is at least one important risk of bias. For example, the study:
e had a potential source of bias related to the specific study design used; or
e has been claimed to have been fraudulent; or
e had some other problem.

Unclear

There may be a risk of bias, but there is either:
e insufficient information to assess whether an important risk of bias exists; or
e insufficient rationale or evidence that an identified problem will introduce bias.

Appendix 3. Risk of bias (cluster randomised controlled trials)

In cluster-randomised trials, particular biases to consider include: (i) recruitment bias; (ii) baseline imbalance; (iii) loss of clusters; (iv)
incorrect analysis; and (v) comparability with individually randomised trials.

(i) Recruitment bias can occur when individuals are recruited to the trial after the clusters have been randomised, as the knowledge of
whether each cluster is an ‘intervention’ or ‘control’ cluster could affect the types of participants recruited.

(ii) Cluster-randomized trials often randomise all clusters at once, so lack of concealment of an allocation sequence should not usually
be an issue. However, because small numbers of clusters are randomised, there is a possibility of chance baseline imbalance between the
randomised groups, in terms of either the clusters or the individuals. Although not a form of bias as such, the risk of baseline differences
can be reduced by using stratified or pair-matched randomisation of clusters. Reporting of the baseline comparability of clusters, or
statistical adjustment for baseline characteristics, can help reduce concern about the effects of baseline imbalance.

(iii) Occasionally complete clusters are lost from a trial, and have to be omitted from the analysis. Just as for missing outcome data in
individually randomised trials, this may lead to bias. In addition, missing outcomes for individuals within clusters may also lead to a
risk of bias in cluster-randomised trials.

(iv) Many cluster-randomised trials are analysed by incorrect statistical methods, not taking the clustering into account. Such analyses
create a ‘unit of analysis error’ and produce over-precise results (the standard error of the estimated intervention effect is too small) and
P values that are too small. They do not lead to biased estimates of effect. However, if they remain uncorrected, they will receive too
much weight in a meta-analysis.

(v) In a meta-analysis including both cluster and individually randomised trials, or including cluster-randomised trials with different
types of clusters, possible differences between the intervention effects being estimated need to be considered. For example, in a vaccine
trial of infectious diseases, a vaccine applied to all individuals in a community would be expected to be more effective than if the vaccine
was applied to only half of the people. Another example is provided by a Cochrane review of hip protectors. The cluster trials showed
large positive effect whereas individually randomised trials did not show any clear benefit. One possibility is that there was a ‘herd
effect’ in the cluster-randomised trials (which were often performed in nursing homes, where compliance with using the protectors
may have been enhanced). In general, such ‘contamination’ would lead to underestimates of effect. Thus, if an intervention effect is
still demonstrated despite contamination in those trials that were not cluster-randomised, a confident conclusion about the presence of
an effect can be drawn. However, the size of the effect is likely to be underestimated. Contamination and ‘herd effects’ may be different

for different types of cluster.
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