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A B S T R A C T

This is the protocol for a review and there is no abstract. The objectives are as follows:

To assess the effects of hydrogel dressings for treating pressure ulcers in any care setting.

B A C K G R O U N D

Description of the condition

Pressure ulcers, also known as bedsores, decubitus ulcers and pres-

sure injuries, are localised areas of injury to the skin or the under-

lying tissue, or both. They often occur in areas with a bony promi-

nence such as the sacrum (base of the spine) and heel (Vanderwee

2007), and are caused by external forces such as pressure, or shear,

or a combination of both (EPUAP-NPUAP 2009).

Populations at risk of pressure ulceration include those with spinal

cord injuries (Gefen 2014), and those immobilised or with limited

mobility such as elderly people and people with acute or chronic

conditions that might limit movement or bodily sensation, or both

(Allman 1997; Berlowitz 1990; Berlowitz 1997; Bergstrom 1998;

Brandeis 1994). Incontinence can also increase risk of ulceration

by producing a detrimental environment for the skin (Brandeis

1994). Impaired nutritional status may also increase risk (Allman

1997; Donini 2005), however, there is currently limited evidence

for the effectiveness of nutritional intake interventions for pre-

venting or treating pressure ulcers (Langer 2003; Smith 2013).

Mobility produces relief from pressure within the body through

regular, often sub-conscious, shifts in positions when sitting or

lying. These movements, triggered by a reduction in oxygen lev-

els at pressure points and possible discomfort, distribute pressure

from contact at the surface, thus reducing the compression of soft

tissue against bone (Gebhardt 2002). Populations with limited

autonomous movement or conditions that dull body sensation,

or both (as described above), are at risk of failing to achieve ade-

quate pressure relief. Prolonged exposure of an area of the body to

pressure or compression can interrupt the local blood circulation

and trigger a cascade of biochemical changes that may lead to tis-

sue damage and ulceration. Immobility can also lead to increased

damage from shear and friction, for example, when people are

pulled into position in chairs and beds.

Pressure ulcers vary in severity. One of the most widely recognised

systems for categorising pressure ulcers is that of the National Pres-

sure Ulcer Advisory Panel which is summarised below (NPUAP

2009).
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Category/Stage I - non-blanchable erythema: “Intact skin with

non-blanchable redness of a localized area usually over a bony

prominence. Darkly pigmented skin may not have visible blanch-

ing; its colour may differ from the surrounding area. The area may

be painful, firm, soft, warmer or cooler as compared to adjacent

tissue. Category I may be difficult to detect in individuals with

dark skin tones. May indicate ”at risk“ persons.”

Category/Stage II - partial thickness: “Partial thickness loss of

dermis presenting as a shallow open ulcer with a red pink wound

bed, without slough. May also present as an intact or open/rup-

tured serum-filled or sero-sanguinous filled blister. Presents as a

shiny or dry shallow ulcer without slough or bruising (bruising

indicates deep tissue injury). This category should not be used to

describe skin tears, tape burns, incontinence associated dermatitis,

maceration or excoriation.”

Category/Stage III - full thickness skin loss: “Full thickness tis-

sue loss. Subcutaneous fat may be visible but bone, tendon or mus-

cle are not exposed. Slough may be present but does not obscure

the depth of tissue loss. May include undermining and tunnelling.

The depth of a Category/Stage III pressure ulcer varies by anatom-

ical location. The bridge of the nose, ear, occiput and malleolus

do not have (adipose) subcutaneous tissue and Category/Stage III

ulcers can be shallow. In contrast, areas of significant adiposity can

develop extremely deep Category/Stage III pressure ulcers. Bone/

tendon is not visible or directly palpable.”

Category/Stage IV - full thickness tissue loss: “Full thickness

tissue loss with exposed bone, tendon or muscle. Slough or eschar

may be present. Often includes undermining and tunnelling. The

depth of a Category/Stage IV pressure ulcer varies by anatomical

location. The bridge of the nose, ear, occiput and malleolus do

not have (adipose) subcutaneous tissue and these ulcers can be

shallow. Category/Stage IV ulcers can extend into muscle and/or

supporting structures (e.g., fascia, tendon or joint capsule) making

osteomyelitis or osteitis likely to occur. Exposed bone/muscle is

visible or directly palpable.”

Pressure ulcers are relatively common, but complex, wounds.

Prevalence estimates vary according to the population being as-

sessed, the data collection methods used and decisions about

whether or not stage I pressure ulcers should be included (since

there is no active wound at this stage, but patients are ’at risk’). A

large survey of hospital patients undertaken in several European

countries returned a pressure ulcer prevalence (stage II and above)

of 10.5% (Vanderwee 2007). In 2009, a USA estimate for pressure

ulcer prevalence (stage II and above) across acute-care, long-term

care and rehabilitation settings was 9.0% with prevalence highest

in long-term acute-care settings (26%) (VanGilder 2009). In the

UK, national pressure ulcer data are collected across community

and acute settings - although data collection is not yet universal -

as part of the National Health Service (NHS) Safety Thermome-

ter initiative (Power 2012). Five per cent of patients across these

settings were estimated to have a pressure ulcer in January 2014

(National Safety Thermometer Data 2014).

We note that all the prevalence figures quoted above are for at pop-

ulations currently receiving medical care. The point prevalence of

pressure ulceration in the total adult population was recently es-

timated using a cross-sectional survey undertaken in Leeds, UK.

Of the total adult population of 751,485 the point prevalence of

pressure ulceration per 1000 was 0.31 (Hall - personal commu-

nication). UK pressure ulcer prevalence estimates specifically for

community settings have reported rates of 0.77 per 1000 adults

in a UK urban area (Stevenson 2013).

Pressure ulcers have a large impact on those affected; the ulcers can

be painful, and may become seriously infected or malodorous. It

has been shown that - after adjustment for age, sex and co-mor-

bidities - people with pressure ulcers have a lower health-related

quality of life than those without pressure ulcers (Essex 2009). The

financial cost of treating ulcers in the UK was recently estimated

as being between GBP 1214 for a stage I ulcer, to GBP 14,108

for a stage IV ulcer (Dealey 2012). In 2004 the total annual cost

of treating pressure ulcers in the UK was estimated as being GBP

1.4 to 2.1 billion, which was equivalent to 4% of the total NHS

expenditure (Bennett 2004). Pressure ulcers have been shown to

increase length of hospital stay and the associated hospital costs

(Allman 1999). Figures from the USA suggest that for half a mil-

lion hospital stays in 2006 ’pressure ulcer’ was noted as a diagno-

sis; for adults, the total hospital costs of these stays was USD 11

billion (Russo 2008). Costs to the Australian healthcare system

for treating pressure ulceration have been estimated at AUD 285

million per annum (Graves 2005).

Description of the intervention

There are two main strategies in the treatment of pressure ulcers,

namely relief of pressure - commonly using specialist support sur-

faces (McInnes 2011) - alongside management of the wound envi-

ronment using wound dressings. Other general strategies include

patient education, pain management, optimising circulation/per-

fusion, optimising nutrition, surgical wound closure and the treat-

ment of clinical infection (AWMA 2012; EPUAP-NPUAP 2009).

Dressings are widely used in wound care, with the aim of protect-

ing the wound and promoting healing. Classification of dressings

usually depends on the key material used in their construction.

Several attributes of an ideal wound dressing have been described

(BNF 2013), including:

• the ability of the dressing to absorb and contain exudate

without leakage or strike-through;

• lack of particulate contaminants left in the wound by the

dressing;

• thermal insulation;

• permeability to water and but not bacteria;

• avoidance of wound trauma on dressing removal;

• frequency with which the dressing needs to be changed;

• provision of pain relief; and

• comfort.
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Hydrogel dressings are the focus of this review; their properties are

described below. As hydrogel dressings are likely to be evaluated

against one of the many wound dressings available, a description

of potential comparators, based on the British National Formulary

structure (BNF 2013), is also provided. Dressings are listed be-

low, by their generic names and, where possible, with examples of

corresponding trade names and manufacturers. Dressing names,

manufacturers and distributors may vary between countries.

1. Basic wound contact dressings

• Low-adherence dressings and wound contact materials:

these are usually cotton pads that are placed in direct contact with

the wound. Examples include paraffin gauze dressing, BP 1993

and Xeroform (Covidien) dressing - a non-adherent petrolatum

blend with 3% bismuth tribromophenate on fine mesh gauze.

• Absorbent dressings: these can be applied directly to the

wound or used as secondary absorbent layers in the management

of heavily-exuding wounds. Examples include Primapore (Smith

& Nephew), Mepore (Mölnlycke) and absorbent cotton gauze

(BP 1988).

2. Advanced wound dressings

• Alginate dressings: these are highly absorbent and come in

the form of calcium alginate or calcium sodium alginate, and can

be combined with collagen. The alginate forms a gel when in

contact with the wound surface, which can be lifted off at

dressing removal or rinsed away with sterile saline. Bonding to a

secondary viscose pad increases absorbency. Examples include:

Curasorb (Covidien), SeaSorb (Coloplast) and Sorbsan

(Unomedical).

• Foam dressings: normally these dressings contain

hydrophilic polyurethane foam and are designed to absorb

wound exudate and maintain a moist wound surface. These are

produced in a variety of versions: some foam dressings include

additional absorbent materials, such as viscose and acrylate fibres

or particles of superabsorbent polyacrylate; while some are

silicone-coated for non-traumatic removal. Examples include:

Allevyn (Smith & Nephew), Biatain (Coloplast) and Tegaderm

(3M).

• Hydrogel dressings: these consist of cross-linked insoluble

polymers (i.e. starch or carboxymethylcellulose) and up to 96%

water. They are designed to absorb wound exudate, or rehydrate

a wound, depending on the wound moisture levels. They are

supplied as either flat sheets, an amorphous hydrogel or as beads.

Examples include: ActiformCool (Activa) and Aquaflo

(Covidien).

• Films - permeable film and membrane dressings: these

dressings are permeable to water vapour and oxygen, but not to

water or micro-organisms. Examples includeTegaderm (3M) and

Opsite (Smith & Nephew).

• Soft polymer dressings: these dressings are moderately

absorbent and composed of a soft silicone polymer held in a

non-adherent layer. Examples include: Mepitel (Mölnlycke) and

Urgotul (Urgo).

• Hydrocolloid dressings: these are occlusive dressings

usually composed of a hydrocolloid matrix bonded onto a

vapour-permeable film or foam backing. This matrix forms a gel

that provides a moist environment when in contact with the

wound surface. Examples include: Granuflex (ConvaTec) and

NU DERM (Systagenix). Fibrous alternatives have been

developed that resemble alginates, are not occlusive, and that are

more absorbant than standard hydrocolloid dressings. Examples

include: Aquacel (ConvaTec).

• Capillary-action dressings: these consist of an absorbent

core of hydrophilic fibres held between two low-adherent contact

layers. Examples include: Advadraw (Advancis) and Vacutx

(Protex).

• Odour-absorbent dressings: these dressings contain

charcoal and are used to absorb wound odour, often in

conjunction with a secondary dressing to improve absorbency.

Examples include: CarboFLEX (ConvaTec).

3. Anti-microbial dressings

• Honey-impregnated dressings: these dressings contain

medical-grade honey, which is thought to have antimicrobial and

anti-inflammatory properties and can be used for acute or

chronic wounds. Examples include: Medihoney (Medihoney)

and Activon Tulle (Advancis).

• Iodine-impregnated dressings: these dressings release free

iodine, which is thought to act as a wound antiseptic, when

exposed to wound exudate. Examples include Iodoflex (Smith &

Nephew) and Iodozyme (Insense).

• Silver-impregnated dressings: these dressings are used to

treat infected wounds, as silver ions are thought to have

antimicrobial properties. Silver versions of most dressing types

are available (e.g. silver foam, silver hydrocolloid etc). Examples

include: Acticoat (Smith & Nephew) and Urgosorb Silver

(Urgo).

• Other antimicrobial dressings: these dressings are

composed of a gauze or low-adherent dressing impregnated with

an ointment thought to have antimicrobial properties. Examples

include: chlorhexidine gauze dressing (Smith & Nephew) and

Cutimed Sorbact (BSN Medical).

4. Specialist dressings

• Protease-modulating matrix dressings: these dressings

alter the activity of proteolytic enzymes in chronic wounds.

Examples include: Promogran (Systagenix) and Sorbion (H &

R).
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The diversity of dressings available to health professionals (includ-

ing variations within each type) can make evidence-informed de-

cision-making challenging. Furthermore, whilst dressings may be

viewed as ’inert’ and cheap products, increasingly they are being

formulated with an ’active’ ingredient e.g. silver, or other anti-mi-

crobial products. With increasingly sophisticated technology be-

ing applied to wound care, practitioners need to know how effec-

tive these - often expensive - dressings are compared with more

traditional, and usually less costly, options. There are limited data

about the current use of dressings for the treatment of pressure ul-

cers although older studies have shown wide variation in practice

and wound (wound type) care knowledge (Pieper 1995).

How the intervention might work

Animal experiments conducted over 40 years ago suggested that

acute wounds heal more quickly when their surfaces are kept moist,

rather than left to dry and scab (Winter 1962; Winter 1963a;

Winter 1963b). A moist environment is thought to provide op-

timal conditions for the cells involved in the healing process, as

well as allowing autolytic debridement (removal of dead tissue by

natural processes), which is thought to be an important part of the

healing pathway (Cardinal 2009). The desire to maintain a moist

wound environment is a key driver for the use of wound dressings.

Different wound dressings vary in their level of absorbency so that

a very wet wound can be treated with an absorbent dressing (such

as a foam dressing) to draw excess moisture away and avoid skin

damage, whilst a drier wound can be treated with a more occlusive

dressing to maintain a moist environment. Hydrogels are insoluble

polymers that can bind a relatively large volume of water that can

then be ’donated’ to wounds to maintain a moist environment.

Furthermore, if the hydrogel polymer matrix is not fully hydrated,

it can absorb some wound exudate and help to optimise the mois-

ture level of the wound. When hydrogel material is manufacturer

in the form of a fixed structure via cross-linking of the polymers

it is considered to be a hydrogel sheet dressing.

Why it is important to do this review

Pressure ulcers are a relatively common complex type of wound

that have a negative impact on peoples’ lives and incur high costs to

health services. Dressings are a widely used treatment for pressure

ulcers, and understanding the existing evidence base and potential

uncertainty around the clinical and cost effectiveness of different

dressing types is important for decision making in this area.

A key international guideline recommends that a dressing should

be chosen “that keeps the wound bed moist”, this recommenda-

tion was classed as being level C evidence, that is “supported by

indirect evidence (e.g., studies in normal human subjects, humans

with other types of chronic wounds, animal models) and/or expert

opinion” (EPUAP-NPUAP 2009). The same guidelines suggests

that hydrogel dressings are used to treat pressure ulcers in various

scenarios but these recommendations are based on limited evi-

dence (EPUAP-NPUAP 2009).

Two notable systematic reviews of treatments for pressure ulcers

have included trials of dressings (Reddy 2008; Smith 2013). Reddy

2008 included eight trials of hydrogel in people with pressure ul-

cers. These studies were included as part of a much larger review

that reviewed multiple interventions for treating pressure ulcers.

The report stated that “No single dressing was consistently supe-

rior to other dressings in the trials of pressure ulcers we examined”,

however, because of the breath of the review, detailed examination

of the effect estimates and quantifying uncertainty around the hy-

drogel trials was difficult. The search for trials for this review was

done almost six years ago. The more recent review seems to include

dressing interventions but does not mention hydrogels specifically

(Smith 2013). We conclude that up-to-date and transparent infor-

mation on the evidence for the use of hydrogel dressings to treat

pressure ulcers is required.

This review is part of a suite of Cochrane reviews investigating

the use of dressings in the treatment of pressure ulcers . Each

review will focus on a particular dressing type. These reviews will

be summarised in an overview of reviews that will draw together all

existing Cochrane review evidence regarding the use of dressings

to treat pressure ulcers.

O B J E C T I V E S

To assess the effects of hydrogel dressings for treating pressure

ulcers in any care setting.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include published and unpublished randomised controlled

trials (RCTs), including cluster RCTs (which also include studies

where multiple wounds on the same participant are treated with

the allocated treatment and outcome data are collected and anal-

ysed for each wound), irrespective of language of report. RCTs

reported only as abstracts will be included only where there are

enough data available for reasonable data extraction either from

the abstract itself or from the study authors. Cross-over trials will

be included only if outcome data are available from the end of

the first treatment period prior to cross-over. Studies using quasi-

randomisation will be excluded.
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Types of participants

We will include studies that recruited adults with a diagnosis of

pressure ulcer (stage II or above) managed in any care setting. We

will exclude participants with stage I ulcers. We will accept study

authors’ definitions of what they classed as stage II or above, unless

it is clear that they included wounds with unbroken skin. Studies

that recruited participants with stage II or higher pressure ulcers

alongside people with other types of chronic wound (e.g. leg or

foot ulcers, or both) will be included if the results for people with

relevant pressure ulcers are presented separately (or are available

from the study authors). Similarly, where a trial included both

stage I and more advanced stages of pressure ulcers, the study will

only be included in the review if data on ulcers of stage II and

above are reported separately or are available on request from study

authors.

Types of interventions

The primary intervention will be hydrogel wound dressings (BNF

2013). We will include any RCT where the use of a specific hydro-

gel dressing is the only systematic difference between treatment

groups. We anticipate that probable comparisons will include: dif-

ferent types of hydrogel dressings compared with each other; hy-

drogel dressings compared with other dressing types; and hydrogel

dressings compared with other interventions (possibly non-dress-

ing treatments e.g. topical treatments).

Types of outcome measures

We list primary and secondary outcomes below. Decisions regard-

ing study selection will not be based on whether measured out-

come data were reported in a ‘usable’ way, nor on the absence of

the primary outcome if other relevant outcomes are reported.

Primary outcomes

The primary outcome for this review is complete wound healing.

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. For this review we will regard the following as

providing the most relevant and rigorous measures of outcome.

• Time to complete wound healing (correctly analysed using

censored data and preferably adjusted for prognostic covariates

such as baseline size). We will only consider mean or median time

to healing without survival analysis as a valid outcome if reports

specify that all wounds healed (i.e. if the trial authors regarded

time to healing as a continuous measure as there is no censoring).

• Proportion of ulcers healed during follow-up (frequency of

complete healing).

Where both time to healing and proportion of ulcers healed are

reported, we will present all data in a summary outcome table for

reference purposes, but will focus on reporting the ‘best’ healing

outcome available. We consider time to healing to be the best

outcome. We anticipate presenting data for the latest time point

available - unless there is an earlier time point that is clearly the

primary focus of the study, in which case data from multiple time

points will be extracted. We will accept authors’ definitions of what

constituted a healed wound.

Where time is analysed as a continuous measure, but it is not clear

whether all wounds healed, or where change or rate of change in

wound size is reported without adjustment for baseline size, we

will document the use of the outcome in the study, but we will

not extract, summarize or use the data in any meta-analysis.

Secondary outcomes

• Change (and rate of change) in wound size, with

adjustment for baseline size (we will contact study authors to

request adjusted means when not presented). Where change or

rate of change in wound size is reported without adjustment for

baseline size use of the outcome in the study will be

documented, but data will not be extracted, summarised or used

in any meta-analysis.

• Participant health-related quality of life/health status

(measured using a standardised generic questionnaire such as

EQ-5D, SF-36, SF-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.

• Wound infection (where infection has been defined by the

study authors).

• Other adverse events, including pain associated with the

ulcer or experienced at dressing change (measured using survey/

questionnaire/data capture process or visual analogue scale),

where a clear methodology for the collection of adverse event

data was provided.

• Resource use (including measurements of resource use such

as number of dressing changes, nurse visits, length of hospital

stay and re-operation/intervention).

• Cost (allocated to resource use).

• Wound recurrence.

Search methods for identification of studies

Electronic searches

We will search the following electronic databases:

• The Cochrane Wounds Group Specialised Register (latest).

• The Cochrane Central Register of Controlled Trials

(CENTRAL) (The Cochrane Library latest issue).

• The Database of Abstracts of Reviews of Effects (DARE)

(The Cochrane Library latest issue).
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• The Health Technology Assessment Database (HTA) (The

Cochrane Library latest issue).

• NHS Economic Evaluation Database (The Cochrane

Library latest issue).

• Ovid MEDLINE (1946 to present).

• Ovid MEDLINE (In-Process & Other Non-Indexed

Citations, latest issue).

• Ovid EMBASE (1974 to present);

• EBSCO CINAHL (1982 to present).

We will search the Cochrane Central Register of Controlled Trials

(CENTRAL) using the following exploded MeSH headings and

keywords:

#1 MeSH descriptor: [Occlusive Dressings] explode all trees

#2 MeSH descriptor: [Biological Dressings] explode all trees

#3 MeSH descriptor: [Alginates] explode all trees

#4 MeSH descriptor: [Hydrogels] explode all trees

#5 MeSH descriptor: [Silver] explode all trees

#6 MeSH descriptor: [Silver Sulfadiazine] explode all trees

#7 MeSH descriptor: [Honey] explode all trees

#8 MeSH descriptor: [Bandages, Hydrocolloid] explode all trees

#9 (dressing* or alginate* or hydrogel* or hydrocolloid* or “foam”

or “bead” or “film” or “films” or tulle or gauze or non-adherent or

“non adherent” or silver* or honey or matrix):ti,ab,kw 9063

#10 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #9

#11 MeSH descriptor: [Pressure Ulcer] explode all trees

#12 (pressure next (ulcer* or sore* or injur*)):ti,ab,kw

#13 (decubitus next (ulcer* or sore*)):ti,ab,kw

#14 ((bed next sore*) or bedsore):ti,ab,kw

#15 #11 or #12 or #13 or #14

#16 #10 and #15

The search strategy will be adapted to search Ovid MEDLINE,

Ovid EMBASE and EBSCO CINAHL. We will combine the Ovid

MEDLINE search with the Cochrane Highly Sensitive Search

Strategy for identifying randomised trials in MEDLINE: sensitiv-

ity- and precision-maximising version (2008 revision) (Lefebvre

2011). We will combine the EMBASE search with the Ovid EM-

BASE filter developed by the UK Cochrane Centre (Lefebvre

2011). We will combine the CINAHL searches with the trial fil-

ters developed by the Scottish Intercollegiate Guidelines Network

(SIGN 2011). There will be no restrictions with respect to lan-

guage, date of publication or study setting.

We will also search the following clinical trials registries:

ClinicalTrials,gov (http://www.clinicaltrials.gov/)

WHO International Clinical Trials Registry Platform (http://

apps.who.int/trialsearch/Default.aspx)

EU Clinical Trials Register (https://www.clinicaltrialsregister.eu/)

Searching other resources

We will contact corresponding authors of trials and the manufac-

turers and distributors of wound dressings. We will search the US

Food and Drug Administration briefing documents used in the

licensing of wound dressings. We will try to identify other poten-

tially eligible trials or ancillary publications by searching the refer-

ence lists of retrieved included trials as well as relevant systematic

reviews, meta-analyses, and health-technology assessment reports.

Data collection and analysis

Selection of studies

Independently, two review authors will 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 felt to be potentially relevant. Independently, two review au-

thors will check the full papers for eligibility; disagreements will

be resolved by discussion and, where required, the input of a third

review author. Where the eligibility of a study is unclear we will

attempt to contact study authors to ask for clarification. We will

record all reasons for exclusion of studies for which we have ob-

tained full copies. We will complete a PRISMA flowchart to sum-

marize this process (Liberati 2009).

We will obtain all relevant publications when studies have been

reported more than once. Whilst the study will be included only

once in the review, all reports will be examined to ensure the

maximal extraction of relevant data.

Data extraction and management

We will extract and summarize details of the eligible studies. Two

review authors will extract data independently and will resolve dis-

agreements by discussion, drawing on a third review author where

required. Where data are missing from reports, we will attempt

to contact the study authors to obtain this information. Where a

study is included with more than two intervention arms, data will

only be extracted from intervention and control groups that meet

the review’s eligibility criteria.

We will extract the following data, where possible on those trial

arms that are relevant to the review:

• country of origin;

• type/grade/category of pressure ulcer;

• location of pressure ulcer;

• unit of randomisation and analysis, e.g. single wound,

patient, or multiple wounds on the same patient;

• 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;

• duration of treatment;
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• 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.

Assessment of risk of bias in included studies

Independently, two review authors will assess the included studies

that have individual randomisation using the Cochrane Collabo-

ration tool for assessing risk of bias (Higgins 2011a). This tool ad-

dresses six specific domains: sequence generation, allocation con-

cealment, blinding, incomplete data, selective outcome reporting

and other issues (Appendix 1). We will assess blinded outcome

assessment and completeness of outcome data for each outcome

separately. We will present our assessment of risk of bias using two

’Risk of bias’ summary figures; one will provide a summary of bias

for each item across all studies, and the second will provide a cross-

tabulation of each trial by all of the risk of bias items. For trials

using cluster randomisation, we will assess the risk of bias using

the following domains: recruitment bias, baseline imbalance, loss

of clusters, incorrect analysis and comparability with individually

randomised trials (Higgins 2011b) (Appendix 2).

Measures of treatment effect

For dichotomous outcomes the risk ratio (RR) will be calculated

with 95% confidence intervals (CI). For continuous outcome data

we will use the mean difference (MD) with 95% CIs, for trials

that use the same assessment scale. When trials use different assess-

ment scales, we will use the standardised mean difference (SMD)

with 95% CIs. Time-to-event data (e.g. time-to-complete wound

healing), will be reported as hazard ratios (HR) where possible in

accordance with the methods described in the Cochrane Handbook

for Systematic Reviews of Interventions (Deeks 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 (Tierney 2007).

Unit of analysis issues

Unit of analysis issues may arise with studies that include partic-

ipants with multiple wounds that are treated with the same in-

tervention, and report outcomes for each wound, or with studies

in which multiple assessments of an outcome are presented for

participants. We will record whether trials presented outcomes in

relation to a wound, a limb (e.g. foot or leg), a participant, or

as multiple wounds on the same participant. For wound healing,

unless otherwise stated, where the number of wounds appears to

equal the number of participants, we will treat the wound as the

unit of analysis.

Where a cluster trial has been conducted and correctly analysed, ef-

fect estimates and their standard errors may be meta-analysed using

the generic inverse-variance method in Review Manager (RevMan

2012). We will also record occasions when multiple wounds on a

participant are (incorrectly) treated in the included study as be-

ing independent of each other, rather than having within-patient

analysis methods applied. This will be recorded as part of the ’Risk

of bias’ assessment.

Where a cluster-randomised trial has been conducted, but incor-

rectly analysed at the individual rather than the cluster level, we

will approximate the correct analyses if possible following Chapter

16 of the Cochrane Handbook for Systematic Reviews of Interven-

tions using information on (Higgins 2011b):

• the number of clusters (or groups) randomised to each

intervention group; or the average (mean) size of each cluster;

• 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); and,

• an estimate of the intracluster (or intraclass) correlation

coefficient (ICC).

Dealing with missing data

It is common to have data missing from trial reports. Exclud-

ing participants post-randomisation from the analysis, or ignor-

ing those participants who are lost to follow-up, compromises the

randomisation and potentially introduces bias into the trial. If it

is thought that study authors might be able to provide some miss-

ing data then we will contact them, however, it is likely that data

will often be missing due to loss to follow-up. In individual stud-

ies, where data on the proportion of ulcers healed are presented,

we plan to assume that randomised participants not included in

an analysis had an unhealed wound at the end of the follow-up

period (i.e. they will be considered in the denominator but not

the numerator). Where a trial does not specify participant group

numbers prior to drop-out, we will present only complete case

data. For time-to-healing analysis using survival analysis methods,

drop-outs should be accounted for as censored data. Hence all

participants will be contributing to the analysis. We acknowledge

that such analysis assumes that drop-outs are missing at random.

We will present data for area change of ulcer, and for all secondary

outcomes, as a complete case analysis.

Assessment of heterogeneity

We will consider clinical heterogeneity (that is the degree to which

RCTs vary in terms of participant, intervention and outcome char-

acteristics) and statistical heterogeneity. We will assess statistical

heterogeneity using the Chi² test (a significance level of P less than

0.10 will be considered to indicate statistically significant hetero-

geneity) in conjunction with the I² measure (Higgins 2003). I²
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examines the percentage of total variation across RCTs that is due

to heterogeneity rather than chance (Higgins 2003). We will con-

sider that I² values of 40%, or less, indicate a low level of hetero-

geneity, and values of 75%, or more, indicate very high hetero-

geneity (Higgins 2011c).

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 or more RCTs using

RevMan 5.2.

Data synthesis

Details of included studies will be combined in narrative review

according to comparators. Both clinical and statistical heterogene-

ity will be explored. Where appropriate, data will be pooled us-

ing meta-analysis (conducted using RevMan 5.2), that is, where

studies appear similar in terms of intervention, study duration and

outcome assessment and data type. In the absence of clinical het-

erogeneity and in the presence of statistical heterogeneity (I² value

over 50%), we envision using a random-effects model, however,

we do not anticipate pooling studies where heterogeneity is very

high (I² value over 75%). Where there is no evidence of clinical

or statistical heterogeneity we will use a fixed-effect model.

For dichotomous outcomes we will present the summary estimate

as a risk ratio (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 have

measured the same outcome using different methods. Pooled data

will be presented using forest plots. For time-to-event data, we plan

to plot (and, if appropriate, pool) estimates of HRs and 95% CIs

as presented in the study reports using the generic inverse variance

method in RevMan 5.2. Pooled estimates of treatment effect will

be obtained using RevMan (RevMan 2012).

’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 (Schunemann 2011a). The ’Summary of findings’

tables also include an overall grading of the evidence related to

each of the main outcomes using the GRADE (Grades of Recom-

mendation, Assessment, Development and Evaluation) approach.

The GRADE approach 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 (Schunemann 2011b). We plan to present the following out-

comes in the ’Summary of findings’ tables:

• time to complete ulcer healing where analysed using

appropriate survival analysis methods;

• proportion of ulcers completely healing during the trial

period; and,

• adverse events

Subgroup analysis and investigation of heterogeneity

Where possible we will perform a sub-group analysis to explore

the influence of the following factor on effect sizes:

• ulcer category: where possible we will assess whether there

are differences in effect sizes for grade 2 pressure ulcers and the

more severe grade 3 and 4 pressure ulcers

Sensitivity analysis

Where possible we will perform sensitivity analyses in order to

explore the influence of the following factor on effect sizes:

• risk of bias: we will assess the influence of removing studies

classed as being at high and unclear risk of bias from meta-

analyses. We will only include studies that are assessed as having

a low risk of bias in all key domains, namely adequate generation

of the randomisation sequence, adequate allocation concealment

and blinding of outcome assessor, for the estimates of treatment

effect.
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A P P E N D I C E S

Appendix 1. Assessment of risk of bias (individually randomised controlled trials)

1. 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 provided to permit a judgement of low or high risk of bias.

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.
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High risk of bias

Participants or investigators enrolling participants could possibly foresee assignments and thus introduce selection bias, such as allocation

based on: using an open random allocation schedule (e.g. a list of random numbers); assignment envelopes were used without appropriate

safeguards (e.g. if envelopes were unsealed or non opaque or not sequentially-numbered); alternation or rotation; date of birth; case

record number; any other explicitly unconcealed procedure.

Unclear

Insufficient information provided to permit a 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.

• No blinding, but the review authors judge that the outcome and the outcome measurement are not likely to be influenced by

lack of blinding.

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

• Either participants or some key study personnel were not blinded, but outcome assessment was blinded and the non-blinding of

others was unlikely to introduce bias.

High risk of bias

Any one of the following.

• No blinding or incomplete blinding, and the outcome or outcome measurement is likely to be influenced by lack of blinding.

• Blinding of key study participants and personnel attempted, but likely that the blinding could have been broken.

• Either participants or some key study personnel were not blinded, and the non-blinding of others was likely to introduce bias.

Unclear

Either of the following.

• Insufficient information provided to permit a judgement of low or high risk of bias.

• The study did not address this outcome.

4. Were incomplete outcome data adequately addressed?

Low risk of bias

Any one of the following.

• No missing outcome data.

• Reasons for missing outcome data unlikely to be related to true outcome (for survival data, censoring unlikely to be introducing

bias).

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

• For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk was not enough to have

a clinically relevant impact on the intervention effect estimate.

• For continuous outcome data, plausible effect size (difference in means or standardised difference in means) among missing

outcomes was not enough to have a clinically relevant impact on observed effect size.

• Missing data have been imputed using appropriate methods.
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High risk of bias

Any one of the following.

• 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.

• For dichotomous outcome data, the proportion of missing outcomes compared with observed event risk was enough to induce

clinically relevant bias in intervention effect estimate.

• For continuous outcome data, plausible effect size (difference in means or standardised difference in means) among missing

outcomes was enough to induce clinically relevant bias in observed effect size.

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

• Potentially inappropriate application of simple imputation.

Unclear

Either of the following.

• Insufficient reporting of attrition/exclusions to permit a judgement of low or high risk of bias (e.g. number randomised not

stated, no reasons for missing data provided).

• 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.

• 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.

• 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.

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

• One or more primary outcomes are reported using measurements, analysis methods or subsets of the data (e.g. subscales) that

were not pre-specified.

• One or more reported primary outcomes were not pre-specified (unless clear justification for their reporting is provided, such as

an unexpected adverse effect).

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

• 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 provided to permit judgement of low or high risk of bias. It is likely that the majority of studies will fall into

this category.

6. Other sources of potential bias

Low risk of bias

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

There is at least one important risk of bias. For example, the study:

• had a potential source of bias related to the specific study design used; or

• has been claimed to have been fraudulent; or

• had some other problem.

Unclear

There may be a risk of bias, but there is either:

• insufficient information to assess whether an important risk of bias exists; or

• insufficient rationale or evidence that an identified problem will introduce bias.

Appendix 2. Assessment of risk of bias (cluster randomised controlled trials)

Types of bias in cluster-randomised trials

In cluster-randomised trials, particular biases to consider include:

• recruitment bias;

• baseline imbalance;

• loss of clusters;

• incorrect analysis; and

• comparability with individually randomised trials.

1. Recruitment bias

Recruitment bias can occur when individuals are recruited to the trial after the clusters have been randomised, as knowledge about

whether each cluster is an ‘intervention’ or ‘control’ cluster could affect the types of participants recruited.

2. Baseline imbalance

Cluster-randomised 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 this is 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.

3. Loss of clusters

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.

4. Incorrect analysis

Many cluster-randomised trials are analysed by incorrect statistical methods, that do not take 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.
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5. Comparability with individually randomised trials

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

a 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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