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A B S T R A C T

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

To assess the effects of using compression bandages or stockings, compared with no compression, on the healing of venous leg ulcers

in any setting and population.

B A C K G R O U N D

Description of the condition

Leg ulcers are open skin wounds on the lower leg (typically below

the knee and mainly above the ankle) that can last weeks, months

or even years. They occur as a consequence of arterial or venous

insufficiency, or both. Less frequently, chronic leg ulceration may

occur due to some other disease, such as rheumatoid disease or

rarer conditions (Bafaraj 2014). Most leg ulcers are the result of

venous disease (Jockenhöfer 2014), where blood flow in the veins

can be impaired by vein damage, obstruction and calf muscle

pump failure (Eberhardt 2014). These problems mean that blood

no longer returns efficiently from the legs to the heart and the

pressure within the veins rises (Ghauri 2010). The precise chain of

events that links high venous pressures with skin breakdown and

subsequent chronic wounds is not fully understood.

Leg ulcers of mixed aetiology (those that have more than one cause)

usually involve a combination of venous and arterial disease. Open

skin ulceration that is due solely to limb ischaemia (a lack of oxygen

reaching the leg tissues, i.e. arterial disease) is less common.

Current, accurate estimates of the proportion of leg ulcers due to

specific aetiologies can be hard to identify because most studies

do not differentiate between venous, arterial or mixed aetiologies

of leg ulceration, or do so for each limb but not for each patient

(Moffatt 2004; Srinivasaiah 2007; Vowden 2009a). Two point-

prevalence surveys undertaken in the north of England estimated

that venous ulceration has a prevalence of approximately 0.30 cases

per 1000 population in the UK (Cullum 2016; Gray 2018), whilst

mixed arterial/venous leg ulceration has a prevalence of 0.11 per

1000 (Cullum 2016). A review of studies of the prevalence of

complex wounds suggested that there are limited high-quality data

for estimating the burden of venous leg ulceration in lower- and

middle-income countries (Cullum 2016).
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The making of a differential diagnosis of the underlying aetiology

of a specific leg ulcer is made by taking a clinical history, physical

examination, laboratory tests and other assessments (SIGN 2010).

Typically, the latter includes an assessment of the arterial blood

supply to the leg using the ankle-brachial pressure index (ABPI),

measured using a hand-held Doppler ultrasound scanner.

Leg ulcers are associated with considerable cost to patients and

to healthcare providers. Two systematic reviews summarised the

literature on health-related quality of life in patients with leg ul-

cers (Herber 2007; Persoon 2004). Both included qualitative and

quantitative evaluations and reported that the presence of leg ul-

ceration was associated with pain, restriction of work and leisure

activities, impaired mobility, sleep disturbance, reduced psycho-

logical well-being and social isolation. Recent research suggests

that people with complex wounds, including those with venous

leg ulcers, commonly see complete wound healing as the most

important outcome (Cullum 2016). Leg ulceration is typically a

long-term condition, with periods of healing followed by recur-

rence stretching over years.

The financial cost of treating a person with an open venous leg

ulcer in the UK was estimated at approximately GBP 1700 per

year at 2012 prices (Ashby 2014). Nursing time comprises a large

part of ulcer treatment costs. A study in Bradford, UK (population

approximately 500,000) estimated that for the financial year 2006

to 2007, GBP 1.69 million was spent on dressings and compres-

sion bandages and GBP 3.08 million was spent on nursing time

(estimates derived from resource use data for all wound types, not

just venous leg ulcers) (Vowden 2009b). In the USA the estimated

healthcare cost for people with venous leg ulcers was USD 14.9

billion (2012 prices, all payers including Medicare, private, self-

insured) (Rice 2014). In four community wound care clinics in

Queensland, Australia, the mean weekly cost for each patient with

a venous leg ulcer was estimated as AUD 294.72 at 2016/2017

prices for patients receiving guideline-based care (i.e. with at least

one ABPI and compression therapy) (Barnsbee 2019).

Description of the intervention

The first-line treatment for venous leg ulcers is compression ther-

apy in the form of bandages, stockings or other devices (Partsch

2015). This application of external pressure around the lower leg

assists venous return (blood flow back to the heart) and reduces

venous reflux. This review focuses on the effects of compression

delivered by bandages and stockings.

Compression bandages

Bandages are categorised as retention, support or compression,

depending on their performance in standardised laboratory tests.

Compression bandages are further divided according to the

amount of force required to extend them and, therefore, the level

of compression that they can apply to a limb. Furthermore, the

laboratory performance of a bandage may not reflect its perfor-

mance in clinical use, as this depends upon operator training and

application technique (specifically, whether the bandage is applied

as a spiral or figure-of-eight, how many layers are applied and the

amount of extension used). Compression systems commonly used

for venous leg ulcers are listed below (Thomas 1995).

• Class 3a: light-compression bandages; apply 14 mmHg to

17 mmHg pressure at the ankle when applied in a simple spiral,

e.g. Elset® (Mölnlycke).

• Class 3b: moderate-compression bandages; apply 18

mmHg to 24 mmHg pressure at the ankle when applied as a

simple spiral, e.g. Velkomp (Datt Mediproducts Pvt. Limited).

• Class 3c: high-compression bandages; apply 25 mmHg to

35 mmHg pressure at the ankle when applied as a simple spiral,

e.g. Setopress (Mölnlycke), and Elodur® forte (BSN Medical).

• Class 3d: extra-high-compression bandages; apply up to 60

mmHg pressure at the ankle when applied as a simple spiral.

Classification of compression systems

In 2008 a new compression bandage classification system was pro-

posed based on components rather than the number of ’layers’ of

bandage (Partsch 2008). The Partsch group recommended that

the components of compression, such as orthopaedic wool, crepe

bandage or cohesive elastic bandage, should be described. Other

recommended classification criteria included sub-bandage pres-

sure (measured in the medial gaiter area with the patient supine)

and the elastic property of the overall compression system. The fol-

lowing are examples of multi-component bandage systems (listed

for illustrative purposes only; not intended as practice recommen-

dations).

• Short stretch/inelastic systems: orthopaedic padding plus

one or two rolls of short stretch bandage (SSB).

• Inelastic paste systems: paste bandage plus support

bandage, e.g. Setocrepe® (Mölnlycke).

• Two-component bandage systems: orthopaedic padding

plus elastic bandage, e.g. 3MT M CobanT M 2 Compression

System.

• Four-component bandage systems: orthopaedic padding

plus support bandage (crepe) plus class 3a bandage, e.g.

PROFORET M compression system (Smith & Nephew).

The earliest Cochrane Review of compression for venous leg ulcers

(Cullum 2000) defined different compression systems in terms of

the number of layers whereas, in line with the recommendations

of the consensus group outlined above, subsequent versions refer

to components. Nonetheless, where a trial treatment is the original

Charing Cross four-layer bandage, or a close variant of it, we have

continued to use the term ’four-layer bandage’ (4LB), as this is an

internationally recognised bandage system.

It is more difficult to classify different compression systems in re-

lation to sub-bandage pressures since, in general, this information

is not available from clinical trial reports. In order to gain fur-
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ther insights into the optimal way to classify different compres-

sion systems, we consulted with experts in wound management

and invited them to complete a survey. The survey listed different

types of compression against various classifications and respon-

dents were asked to provide the best choice of classification in their

opinion. In addition, free-text comments were invited. As far as

possible, the information gleaned from this exercise will be used

in classifying and grouping different types of compression therapy

in this review.

Compression stockings

Compression stockings (or hosiery) can be used to treat open ul-

ceration and to reduce the risk of recurrence post-healing. Stock-

ings are classified in a similar way to bandages, according to the

level of compression applied to the limb. Importantly, stockings

are subject to less operator variability than bandages.

• Class 1: light-support stockings; provide 14 mmHg to 17

mmHg pressure at the ankle. Used to treat varicose veins.

• Class 2: medium-support stockings; provide 18 mmHg to

24 mmHg pressure at the ankle. Used to treat more severe

varicosities, and to prevent venous leg ulcers.

• Class 3: strong-support stockings; provide 25 mmHg to 35

mmHg pressure at the ankle. Used to treat severe chronic

hypertension and severe varicose veins, and to prevent venous leg

ulcers.

Alongside compression, wound dressings are almost always ap-

plied to open ulcers. Dressings protect the surface of the ulcer,

absorb exudate and can be antimicrobial. A series of reviews has

addressed the comparative effectiveness of dressings for venous ul-

cers (Norman 2018; O’Meara 2013; O’Meara 2015). Other treat-

ments for venous leg ulcers include venous surgery (removal of

incompetent superficial veins (Gohel 2018)) and drugs such as

pentoxifylline (Jull 2012).

How the intervention might work

Generally, compression therapy is thought to work by applying an

external pressure to the leg which assists venous return (blood flow

back to the heart) and reduces venous reflux (Woo 2013). Partsch

has suggested that compression:

• reduces oedema by reducing capillary filtration, moving

fluid from compressed tissues to non-compressed tissues and

improving lymphatic drainage (Partsch 2011); and

• reduces the pressure in the veins by increasing venous blood

flow and reducing venous pooling (Partsch 2011).

The use of compression to treat venous leg ulcers is not without

risk. Whilst Mosti has suggested that compression may increase

arterial inflow (Mosti 2012), if the applied pressure exceeds the

local arterial perfusion pressure then arterial inflow will be reduced,

which risks ischaemia.

National clinical guidelines in the UK and USA recommend that

all patients presenting with a leg ulcer be screened for arterial dis-

ease using Doppler-aided measurement of the ABPI (Bolton 2014;

SIGN 2010). Clinically significant arterial disease is often defined

as an ABPI of below 0.8. Patients with venous leg ulceration who

have an ABPI of between 0.5 and 0.8 may be eligible to receive

modified (reduced) compression (Moffatt 2007).

Why it is important to do this review

Venous leg ulcers have a large impact on people’s lives and in-

cur high costs to health services; and compression therapy is cur-

rently the first line treatment. Since the publication of the origi-

nal Cochrane Review of compression bandages and stockings for

venous leg ulcers (Cullum 2000), the number of relevant ran-

domised controlled trials (RCTs) has more than doubled; the range

of compression modalities has increased; and the classification of

compression modalities has been refined. In order to offer up-to-

date evidence for decision makers, we have decided to update the

previous version of this review, O’Meara 2012, and to split it into

separate reviews of different compression modalities. We will then

bring the results together into an overview, which will incorpo-

rate a network meta-analysis (Salanti 2012), in order to rank the

different treatments on their individual probabilities of being the

most effective compression modalities for healing venous leg ul-

cers. This particular review provides evidence about the compari-

son of compression bandages or stockings versus no compression.

O B J E C T I V E S

To assess the effects of using compression bandages or stockings,

compared with no compression, on the healing of venous leg ulcers

in any setting and population.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Published and unpublished RCTs, including cluster-RCTs, will

be eligible for inclusion irrespective of language of report. Studies

which used quasi-randomised methods to allocate treatment (e.g.

alternation or odd/even case numbers) will be excluded. Trials will

be included if the application of compression is the only systematic

difference between study arms.
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Types of participants

Randomised controlled trials which recruited people of any age

with venous leg ulceration (which may also be described as ’sta-

sis’ or ’varicose’ ulceration) in any care setting will be eligible for

inclusion. As the method of diagnosis of venous ulceration can

vary between studies, we will apply no standardised definition, but

each study must refer to the use of compression for venous ulcers.

We will include studies that recruited participants with a variety

of wound types including venous leg ulcers if: a) the allocation

of participants was stratified by wound type and included ’venous

leg ulcer’ as a group and results were presented (or available from

the study authors) separately for this group; or b) studies included

participants with non-venous leg ulcers, but these made up a max-

imum of 25% of the total study population and we will assume

that any treatment effect applies to people with venous ulcers.

RCTs which only recruited people with non-venous leg ulcers (e.g.

arterial, or mixed) will be excluded from the review.

Types of interventions

We will include trials which compared the use of any compres-

sion bandage or stocking or any combination of compression with

no compression (e.g. standard care, simple retention bandages,

dressings alone) in participants with venous leg ulcers. We will

exclude trials where intermittent pneumatic compression is the

mode of compression being evaluated, as this is the focus of an-

other Cochrane Review (Nelson 2014).

Types of outcome measures

Assessment of outcomes at different follow-up periods

We will group outcome data using the following time categories;

we will use our judgement to decide whether statistical pooling

within these categories is appropriate.

• Short term: up to eight weeks.

• Medium term: between eight and 24 weeks.

• Long term: more than 24 weeks.

Where relevant, we will report outcomes 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 the latest time point available).

Primary outcomes

The primary effectiveness outcome for this review is ulcer healing.

Trialists use a range of different methods for measuring and re-

porting this outcome. RCTs that report one or more of the follow-

ing will be considered as providing the most relevant and rigorous

measures of wound healing.

• Time to complete wound healing (correctly analysed using

survival, time-to-event approaches or median time to healing, if

it was clear that all wounds were healed at follow-up).

• Proportion of wounds completely healed during follow-up

(frequency of complete healing).

We will use the study authors’ definitions of complete wound

healing, and will report these where possible. Where both the

complete wound healing outcomes above are reported for a study,

we will present both and give precedence to time-to-healing in our

interpretation where possible.

The primary safety outcome for the review will be all reported

adverse events. Where reported, and a clear methodology for the

collection of adverse event data has been provided, we will ex-

tract data for all serious adverse events and all non-serious adverse

events. The methodology should make it clear whether events were

reported at the participant level or, if multiple events/people were

reported, that an appropriate adjustment was made for data clus-

tering.

Secondary outcomes

• Participant health-related quality of life/health status:

measured using a standardised generic questionnaire such as EQ-

5D (Herdman 2011), SF-36 (Ware 1992), SF-12 (Ware 1996)

or SF-6 (Craig 2013), or wound-specific questionnaires such as

the Cardiff Wound Impact Schedule (Price 2004). 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.

• Cost effectiveness: within-trial cost-effectiveness analysis

comparing mean differences in effects with mean cost differences

between the two arms. Data extracted could be incremental

mean cost per incremental gain in benefit (incremental cost-

effectiveness ratio (ICER)).

• Ulcer recurrence: measured as time to recurrence or the

proportion of recurrence events in a specific time period, or both.

• Mean pain score (including pain at dressing change):

measured as a continuous outcome using a validated scale such as

a visual analogue scale (VAS) or other recognised measurement

instrument.

• Participant adherence to compression treatment: measured

as time on allocated compression treatment, or proportion of

participants changing from compression treatment.

Search methods for identification of studies

Electronic searches

We will search the following databases to retrieve reports of relevant

clinical trials:

• the Cochrane Wounds Specialised Register (to present);
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• the Cochrane Central Register of Controlled Trials

(CENTRAL) in the Cochrane Library (to latest issue);

• Ovid MEDLINE including In-Process & Other Non-

Indexed Citations (from 1946 to present);

• Ovid Embase (from 1974 to present); and

• EBSCO CINAHL Plus (Cumulative Index to Nursing and

Allied Health Literature; from 1937 to present).

We have devised a draft search strategy for CENTRAL which is

presented in Appendix 1. We will adapt this strategy to search the

Cochrane Wounds Specialised Register, Ovid MEDLINE, Ovid

Embase and EBSCO CINAHL Plus. 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 terms developed by the UK Cochrane Centre (Lefebvre

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

ter developed by the Scottish Intercollegiate Guidelines Network

(SIGN 2018). There will be no restrictions of the searches with

respect to language, date of publication or study setting.

We will also search the following trials registries for ongoing trials

or completed trials that have not been published.

• ClinicalTrials.gov (www.clinicaltrials.gov);

• World Health Organization International Clinical Trials

Registry Platform (ICTRP) (www.who.int/trialsearch).

Searching other resources

We will attempt to identify other potentially eligible trials or an-

cillary publications by searching the reference lists of retrieved in-

cluded trials as well as relevant systematic reviews, meta-analy-

ses, and seven clinical practice guidelines for leg ulcers (Bolton

2014; Franks 2016; Marston 2016; O’Donnell 2014; SIGN

2010; Australian Wound Management Association 2011; Wittens

2015).

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; 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. We will record all rea-

sons for exclusion of studies for which we obtain full-text copies.

We will complete a PRISMA flowchart to summarise this process

(Liberati 2009).

Where studies are reported in multiple publications or reports, we

will obtain all publications. Whilst the study will be included only

once in the review, obtaining all publications will maximise the

amount of data we can extract. We will also examine any relevant

retraction statements and errata for information.

Data extraction and management

We will extract and summarise details of the eligible studies us-

ing a data extraction sheet. Two review authors will extract data

independently and will resolve disagreements through discussion,

consulting 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 possible we will extract the following data:

• country of origin;

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

• study population, including key related medical histories,

diagnosis methods, the aetiology of leg ulcers (e.g. post-

thrombotic syndrome, varicose veins, chronic venous reflux), the

onset or recurrence of leg ulcers, and the location of leg ulcers;

• care setting;

• eligibility criteria and key baseline participant data (total

number of participants, age, sex, duration of leg ulcers, baseline

leg ulcer area);

• details of the interventions, including compression devices

used, and duration of interventions applied;

• descriptions of any co interventions or standard care;

• follow-up period;

• unit of randomisation (e.g. leg ulcer, limb, or participant);

• numbers of participants randomised to each intervention;

• unit of analyses;

• number of ulcers per person;

• primary and secondary outcomes measured;

• data regarding time to complete wound healing: hazard

ratio (HR) and its 95% confidence interval (CI), or any data that

will allow its calculation (Parmar 1998; Tierney 2007);

• data regarding proportion of wounds completely healed

during follow-up: odds ratio (OR) and its 95% CI, or numbers

of participants who have leg ulcers completely healed in each

arm, both at the latest time point and (if different) at another

time specified as of primary interest in the methods section;

• whether a Kaplan Meier plot is displayed;

• missing data rates per arm, and reasons for ’missingness’,

including the number of people who died;

• publication status of study; and

• source of funding for trial.

Assessment of risk of bias in included studies

Two review authors will independently assess each included study

using the Cochrane tool for assessing risk of bias (Higgins 2011a).
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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 include unit

of analysis issues under the domain of ’other issues’, for example

where a cluster-randomised trial has been undertaken but analysed

at the individual level in the study report. We will assess blinding

of participants and personnel, blinding of outcome assessment,

and incomplete outcome data for each of the review outcomes

separately. We note that blinding of participants and personnel as

to whether or not participants have been allocated to compression

is impossible and therefore performance bias is a risk. Performance

bias may be introduced when awareness of treatment allocation re-

sults in deviations from intended interventions and/or differential

co-interventions use or care between groups not specified in study

protocol which may influence outcomes. We will scrutinise study

reports and protocols (where available) to understand if, and how,

studies attempted to minimise and document protocol deviations

and differential care/co interventions compensated for this: for ex-

ample, the study protocol might have been used to highlight the

need to balance co interventions as well as potentially measuring

and reporting this.

We will assess risk of bias for each domains as either: low risk,

high risk or unclear risk. Since wound healing is a subjective out-

come, unblinded outcome assessment represents a high risk of bias

(Hróbjartsson 2012). We will therefore only record open inter-

vention studies with blinded outcome assessment as being at low

risk of detection bias.

All disagreements in ’Risk of bias’ assessment will be resolved by

discussion and, where required, the input of a third review author

will be sought. Where possible, when a lack of reported informa-

tion results in a judgement of unclear risk of bias, we will contact

study authors for clarification. We will present our assessment of

risk of bias using two ’Risk of bias’ summary figures; one will be

a summary of bias for each item across all studies, and the second

will show a cross-tabulation of each trial by all of the ’Risk of bias’

items. We will classify studies with an assessment of high risk of

bias for one or more of the following domains as being at high

risk of bias overall for the specified outcome: sequence generation,

allocation concealment or blinding of outcome assessment.

For trials using cluster randomisation, we will consider the risk

of bias in relation to: recruitment bias, baseline imbalance, loss

of clusters, incorrect analysis and comparability with individually

randomised trials (Higgins 2011a; Eldridge 2016) (Appendix 2).

Measures of treatment effect

For dichotomous outcomes (e.g. proportion of participants who

have wounds completely healed during follow-up), we will calcu-

late the risk ratio (RR) with 95% CIs. For continuous outcomes

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

that used the same assessment scale. If trials that report continuous

data used different assessment 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 (HRs) where possible, in accordance with

the methods described in the Cochrane Handbook for Systematic

Reviews of Interventions (Deeks 2011). If studies reporting time-

to-event data (e.g. time to healing) do not report a HR, then,

when feasible, we will estimate this using other reported outcomes

(such as numbers of events) through the application of available

statistical methods (Parmar 1998; Tierney 2007). We will only

consider median time to healing without survival analysis as a valid

outcome if reports specify that all leg ulcers have healed (i.e. if

the trial authors treat time-to-healing as a continuous measure as

there is no censoring).

Unit of analysis issues

We will note whether trials present outcomes at the level of the leg

ulcer, the limb or the participant and whether there may have been

multiple ulcers reported for the same participant. Where trials

randomise at the participant level and outcomes are measured at

the wound level, e.g. leg ulcer healing, we will treat the participant

as the unit of analysis when the number of leg ulcers assessed

appears to be equal to the number of participants (e.g. one leg

ulcer per person).

A particular unit of analysis issue may occur in trials if randomi-

sation was carried at the participant level, with the allocated treat-

ment used on multiple leg ulcers per participant, but data are pre-

sented and analysed per leg ulcer (clustered data). We will note

whether data regarding multiple ulcers on a participant were (in-

correctly) treated as independent within a study, or were analysed

using within-participant analysis methods. If clustered data were

incorrectly analysed, we will record this as part of the ’Risk of

bias’ assessment. For an individually randomised trial, such data

on multiple leg ulcers may be collected and analysed:

• only in a proportion of participants (in this case, we will

only extract and present relevant data but not treat the trial as a

cluster trial to seek for an analysis because the trial incorrectly

includes a mixture of individual and clustered data); or

• in all participants (in this case, we will treat the trial as a

cluster trial and will incorporate relevant data in meta-analyses if

the trial was analysed correctly). Where a cluster trial was not

incorrectly analysed, we will record this in the ’Risk of bias’

assessment. Where possible we will approximate the correct

analyses based on guidance in the Cochrane Handbook for

Systematic Reviews of Interventions (Higgins 2011b).

Useful information for approximating the correct analyses include:

• the number of clusters randomised to each arm or the

average size of each cluster;

• the outcome data ignoring the cluster design; and

• an estimate of the intracluster correlation coefficient (ICC).
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Dealing with missing data

It is common for there to be data missing from trial reports. Ex-

cluding participants from the analysis post-randomisation or ig-

noring 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 missing

data, we will attempt to contact them; however, it is likely that

data will often be missing because of loss to follow-up.

In individual studies, when data for the proportion of leg ulcers

healed are presented, we will assume that randomly assigned par-

ticipants not included in an analysis had an unhealed leg ulcer

at the end of the follow-up period (i.e. they will be considered

in the denominator but not in the numerator). We will examine

the impact of this assumption through doing a sensitivity analy-

sis (see Sensitivity analysis) in which we will assume participants

with missing data had a healed leg ulcer (i.e. they will be included

in both the numerator and the denominator). When a trial does

not specify participant group numbers before dropout, we will

present only complete case data. For the time-to-healing analysis

using survival analysis methods, dropouts should be accounted for

as censored data. Hence all participants would contribute to the

analysis. We acknowledge that such analysis assumes that dropouts

are missing at random and there is no pattern of ’missingness’.

We will present data for all categorical secondary outcomes as a

complete case analysis. For continuous secondary outcome vari-

ables, e.g. length of hospital stay, we will present available data

from the study reports/study authors and will not impute missing

data. We will calculate measures of variance when these are miss-

ing (Deeks 2011) or we will contact study authors, where possi-

ble. Where these measures of variation remain unavailable, we will

exclude the study from any relevant meta-analyses.

Assessment of heterogeneity

Assessment of heterogeneity can be a complex, multi-faceted pro-

cess. Firstly, we will consider clinical and methodological hetero-

geneity: that is the degree to which the included studies vary in

terms of participants’ characteristics (e.g. mean age, proportion of

participants by sex, methods of diagnosing leg ulcers), interven-

tions (e.g. delivery approaches of compression systems), outcome

definitions and other characteristics such as duration of follow-

up. This assessment of clinical and methodological heterogeneity

will be supplemented by information regarding statistical hetero-

geneity. We will assess statistical heterogeneity using the Chi² test

(a significance level of P value less than 0.10 will be considered

to indicate statistically significant heterogeneity) in conjunction

with the I² measure (Higgins 2003). I² examines the percentage

of total variation across RCTs that is due to heterogeneity rather

than chance (Higgins 2003). Very broadly, we will consider that I²

values of 25%, or less may not indicate important heterogeneity

and values of more than 75% indicate considerable heterogeneity

(Deeks 2011; Higgins 2003).

These statistical tests are recognised to be underpowered and

should be only used as an indicator of heterogeneity. Therefore

the clinical, methodological and statistical heterogeneity should

be considered together for the overall assessment of heterogeneity.

Where there is no clinical or statistical heterogeneity, we will use

a fixed-effect model. In the absence of clinical heterogeneity and

in the presence of some statistical heterogeneity (I² over 50%), we

will use a random-effects model; however, we will not anticipate

pooling data across studies where heterogeneity is considerable (I²

over 75%). Where there is evidence of considerable heterogeneity

we will explore this further if required: see Data synthesis.

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 assessment

of whether small-study effects may be present in a meta-analysis.

A funnel plot is a simple scatter plot of the intervention effect es-

timates from individual RCTs against some measure of each trial’s

size or precision (Sterne 2011). Funnel plots are only informative

when there are a substantial number of studies included in an anal-

ysis; we will present funnel plots for meta-analyses that include at

least 10 RCTs, using Review Manager 5 (RevMan 2014).

Data synthesis

We will summarise details of included studies in a narrative re-

view according to the comparison between intervention and com-

parator, the participants, and the outcome measurement includ-

ing the follow-up duration. We will consider clinical and method-

ological heterogeneity and will undertake pooling if studies appear

appropriately similar in terms of participants, intervention com-

parison, and outcome assessment including follow-up duration.

Where studies are not similar enough for pooling, we will present

the results of included studies narratively.

We are unable to pre specify the amount of clinical, methodologi-

cal and statistical heterogeneity in the included studies but it might

be extensive. Thus, we anticipate using a random-effects approach

for meta-analysis. Conducting meta-analysis with a fixed-effect

model in the presence of even minor heterogeneity may provide

overly narrow confidence intervals. We will only use a fixed-effect

approach when clinical and methodological heterogeneity is as-

sessed to be minimal, and the assumption that a single underlying

treatment effect is being estimated holds. Chi² and I² will be used

to quantify heterogeneity but will not be used to guide choice of

model for meta-analysis. We will exercise caution when meta-anal-

ysed data are at risk of small-study effects because a random-effects

model may be unsuitable. In this case, or where there are other

reasons to question the selection of a fixed-effect or random-effects
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model, we will assess the impact of the approach using sensitiv-

ity analyses to compare results from alternate models (Thompson

1999). We will report any evidence that suggests that the use of a

particular model might not be robust.

We will produce pooled estimates of the treatment effect using

Review Manager 5 (RevMan 2014) and present data using forest

plots where possible. For time-to-event data, we will plot (and,

if appropriate, pool) estimates of HRs and 95% CIs as presented

in the study reports, using the generic inverse variance method

in Review Manager 5 (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 will

not summarise or use the data in any meta-analysis.

We will include only the relevant arms where a trial involves mul-

tiple arms. If two or more arms in comparison with control are

eligible for the same meta-analysis, we will pool data on the two

or more arms and compare them with control.

Subgroup analysis and investigation of heterogeneity

When there appears to be considerable between-study heterogene-

ity we will attempt to explore the causes using the steps proposed

by Cipriani 2013:

• check the data extraction and data entry for errors and

possible outlying studies;

• if outliers exist, perform sensitivity analysis by removing

them; and

• if heterogeneity is still present, perform subgroup analyses/

meta-regression for study-level characteristics (see below) in order

to explain heterogeneity as much as possible (Thompson 1999).

For subgroup analysis/meta-regression, we will consider four

study-level characteristics: funding sources (binary: non-for-profit

versus other/unclear); overall risk of bias (binary: low and unclear

risk of bias versus high risk of bias); study designs (binary: parallel

versus other designs); and follow-up duration (continuous).

Sensitivity analysis

For pooled analyses, where possible, we will undertake sensitivity

analyses to explore the impact of the following:

• assuming participants with missing data had a healed leg

ulcer (i.e. they will be included in both the numerator and the

denominator) followed by the analysis with the assumption that

participants with missing data had unhealed leg ulcers;

• removing unpublished data (i.e. abstracts and dissertations)

from the analysis; and

• changing effects model (i.e. using random-effects model for

the main analysis, followed by a repeated analysis with fixed-

effect model).

’Summary of findings’ tables and assessment of the

quality of the evidence using the GRADE approach

We will present the main, pooled results of the review in ’Summary

of findings’ tables. These tables present key information concern-

ing the certainty of the evidence, the magnitude of the effects of

the interventions examined and the sum of available data for the

main outcomes (Schünemann 2011).

We will present the following outcomes in the ’Summary of find-

ings’ tables:

• time to complete wound healing when analysed using

appropriate survival analysis methods;

• proportion of wounds completely healed during the trial

period;

• all reported adverse events;

• participant health-related quality of life/health status;

• cost effectiveness.

We will use the principle of the GRADE approach to assess the

certainty of the body of evidence associated with each of the main

outcomes for the ’Summary of findings’ tables. The GRADE ap-

proach defines the certainty of a body of evidence with regard to

the extent to which one can be confident that an estimate of ef-

fect or association is close to the true quantity of specific inter-

est. The assessment of the certainty of a body of evidence using

the GRADE approach involves consideration of within-trial risk

of bias (methodological quality), directness of evidence, hetero-

geneity, precision of effect estimates and risk of publication bias

(Schünemann 2011). The certainty of evidence can be assessed

as being high, moderate, low or very-low; RCT evidence has the

potential to be high certainty.

When making decisions regarding methodological quality, we will

downgrade our assessment of the certainty of the evidence only

when studies are classed as being at an overall high risk of bias. We

will not downgrade for assessments of unclear risk of bias.

In assessing the precision of effect estimates we will follow GRADE

guidance using the combination of optimal information size

(OIS), and the 95% CIs of effect estimates:

• if the OIS criterion is not met, downgrade for imprecision,

unless the sample size is very large (at least 2000, and perhaps

4000, participants);

• if the OIS criterion is met and the 95% CI excludes no

effect (i.e. the CI around the RR excludes 1.0), do not

downgrade for imprecision; and

• if the OIS criterion is met, and the 95% CI overlaps no

effect (i.e. CI includes RR of 1.0) downgrade for imprecision if

the CI fails to exclude important benefit or important harm (i.e.

the 95% CIs include a relative risk reduction or increase of 25%

or more).

For binary outcomes, the OIS will be calculated by the review

authors on the basis of a relative risk reduction or increase of

between 20% and 30%, as outlined in the GRADE Handbook

and summarised below.
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• Time to wound healing: OIS = 524 participants for a

reduction in hazard of time to healing of 25% (with 100 days’

recruitment and 100 days’ follow-up: 80% power; alpha 5% and

median time to healing in control group of 90 days).

• Proportion of wounds healed: OIS = 308 participants for

an increased relative risk of wound healing of 25% (80% power;

alpha 5%; proportion healed in control group = 45.08%).

• All reported adverse events: OIS = 295 participants for a

decreased relative risk of adverse events of 25% (80% power;

alpha 5%; proportion reported adverse events in control group =

45%).

For continuous outcomes, we will use the rule-of-thumb threshold

(OIS = 400) suggested by Schünemann 2013.

We will consider downgrading twice for imprecision when, in

addition to the rules above, the number of outcome events is

considered to be low.

When assessing the remaining domains, we will follow GRADE

guidance (Schünemann 2013). Where data are not pooled we will

present GRADE assessments for the above outcomes narratively

in a ’Summary of findings’ table (Murad 2017).
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A P P E N D I C E S

Appendix 1. The Cochrane Central Register of Controlled Trials (CENTRAL) provisional search
strategy

#1 MeSH descriptor: [Leg Ulcer] explode all trees

#2 ((varicose next ulcer*) or (venous next ulcer*) or (leg next ulcer*) or (stasis next ulcer*) or (crural next ulcer*) or (ulcus next cruris)

or (ulcer* next cruris)):ti,ab,kw

#3 #1 or #2

#4 MeSH descriptor: [Compression Bandages] explode all trees

#5 compression*:ti,ab,kw

#6 stocking* or hosiery:ti,ab,kw

#7 sock or socks or tights:ti,ab,kw

#8 bandag*:ti,ab,kw

#9 wrapp*:ti,ab,kw

#10 #4 or #5 or #6 or #7 or #8 or #9

#11 #3 and #10
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Appendix 2. Risk of bias

1 ’Risk of bias’ assessment (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 to permit 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.

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 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.

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

lack of blinding.
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• 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 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 likely to introduce bias.

Unclear

Any one of the following.

• Insufficient information to permit 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 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 not enough to have a clinically relevant impact on observed effect size.

• Missing data have been imputed using appropriate methods.

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 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 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

Any one of the following.

• 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).

• The study did not address this outcome.
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5. Are reports of the study free of suggestion of selective outcome reporting?

Low risk of bias

Any of the following.

• The study protocol is available and all of the study’s prespecified (primary and secondary) outcomes that are of interest in the

review have been reported in the prespecified way.

• The study protocol is not available but it is clear that the published reports include all expected outcomes, including those that

were prespecified (convincing text of this nature may be uncommon).

High risk of bias

Any one of the following.

• Not all of the study’s prespecified 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 prespecified.

• One or more reported primary outcomes were not prespecified (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 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.

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

2 ’Risk of bias’ assessment (cluster-randomised controlled trials)

1. Recruitment bias

Recruitment bias (or identification bias) is the bias that occurs in cluster-RCTs if the personnel recruiting participants know individuals’

allocation, even when the allocation of clusters has been concealed appropriately. The knowledge of the allocation of clusters may lead
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to bias because the individuals’ recruitment in cluster trials is often behind the clusters’ allocation to different interventions; and the

knowledge of allocation can determine whether individuals are recruited selectively.

This bias can be judged through considering the following questions.

• Were all the individual participants identified/recruited before randomisation of clusters?

• Is it likely that selection of participants was affected by knowledge of the intervention?

• Were there baseline imbalances that suggest differential identification or recruitment of individual participants between arms?

2. Baseline imbalance

Baseline imbalance between intervention groups can occur due to chance, problems with randomisation, or identification/recruitment

bias. The issue of recruitment bias has been considered above.

In terms of study design, the risk of chance baseline imbalance can be reduced by the use of stratified or pair-matched randomisation.

Minimisation - an equivalent technique to randomisation - can be used to achieve better balance in cluster characteristics between

intervention groups if there is a small number of clusters.

Concern about the influence of baseline imbalance can be reduced if trials report the baseline comparability of clusters, or statistical

adjustment for baseline characteristics.

3. Loss of clusters

Similar with missing outcome data in individually randomised trials, bias can occur if clusters are completely lost from a cluster trial,

and are omitted from the analysis.

The amount of missing data, the reasons for missingness and the way of analysing data given the missingness should be considered in

assessing the possibility of bias.

4. Incorrect analysis

Data analyses, which do not take the clustering into account, in cluster trials will be incorrect. Such analyses lead to a “unit of analysis

error” and over-precise results (too small standard error) and too small P values. Though these analyses will not result in biased estimates

of effect, they (if not correctly adjusted) will lead to too much weight allocated to cluster trials in a meta-analysis.

Note that the issue of analysis may not lead to concern any more and will not be considered substantial if approximate methods are

used by reviewers to address clustering in data analysis.

5. Comparability with individually randomised trials

In the case that a meta-analysis includes, for example, both cluster and individually randomised trials, potential differences in the

intervention effects between different trial designs should be considered. This is because the “contamination” of intervention effects

may occur in cluster-randomised trials, which would lead to underestimates of effect. The contamination could be known as a “herd

effect”: i.e. within clusters, individuals’ compliance with using an intervention may be enhanced, which in return affects the estimation

of effect.
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