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A B S T R A C T

Background

There are several possible interventions for managing pressure ulcers (sometimes referred to as pressure injuries), ranging from pressure-
relieving measures, such as repositioning, to reconstructive surgery. The surgical approach is usually reserved for recalcitrant wounds
(where the healing process has stalled, or the wound is not responding to treatment) or wounds with full-thickness skin loss and exposure
of deeper structures such as muscle fascia or bone. Reconstructive surgery commonly involves wound debridement followed by filling the
wound with new tissue. Whilst this is an accepted means of ulcer management, the benefits and harms of diFerent surgical approaches,
compared with each other or with non-surgical treatments, are unclear. This is an update of a Cochrane Review published in 2016.

Objectives

To assess the eFects of diFerent types of reconstructive surgery for treating pressure ulcers (category/stage II or above), compared with no
surgery or alternative reconstructive surgical approaches, in any care setting.

Search methods

We used standard, extensive Cochrane search methods. The latest search date was January 2022.

Selection criteria

Published or unpublished randomised controlled trials (RCTs) that assessed reconstructive surgery in the treatment of pressure ulcers.

Data collection and analysis

Two review authors independently selected the studies, extracted study data, assessed the risk of bias and undertook GRADE assessments.
We would have involved a third review author in case of disagreement.

Main results

We identified one RCT conducted in a hospital setting in the USA. It enrolled 20 participants aged between 20 and 70 years with stage IV
ischial or sacral pressure ulcers (involving full-thickness skin and tissue loss). The study compared two reconstructive techniques for stage
IV pressure ulcers: conventional flap surgery and cone of pressure flap surgery, in which a large portion of the flap tip is de-epithelialised
and deeply inset to obliterate dead space. There were no clear data for any of our outcomes, although we extracted some information on
complete wound healing, wound dehiscence, pressure ulcer recurrence and wound infection. We graded the evidence for these outcomes
as very low-certainty. The study provided no data for any other outcomes.
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Authors' conclusions

Currently there is very little randomised evidence on the role of reconstructive surgery in pressure ulcer management, although it is
considered a priority area. More rigorous and robust research is needed to explore this intervention.

P L A I N   L A N G U A G E   S U M M A R Y

What are the benefits and risks of reconstructive surgery for treating pressure ulcers?

Key messages

- We are uncertain about the benefits and risks of reconstructive surgery (sometimes known as plastic surgery) for treating pressure ulcers
(sometimes known as bedsores, pressure sores or pressure injuries).

- We found one small study (20 participants) that investigated reconstructive surgery in deep, hard-to-heal pressure ulcers, but we were
unable to reach any conclusions from the reported results.

- Larger, well-designed studies are needed to explore this priority area.

What are pressure ulcers?

Pressure ulcers are skin and tissue injuries that are usually caused by people staying in the same position for long periods of time. When
external pressure is constantly applied to parts of the body, blood flow is restricted to the skin and underlying tissues. This can cause the
skin or underlying tissue to break down, especially in areas that have less fat such as the lower back and heel.

People at risk of developing pressure ulcers include older adults, people with mobility problems (e.g. wheelchair users) and people who
spend long periods in hospital.

How are pressure ulcers treated?

Pressure ulcers are serious wounds that are costly to treat, so care is mainly focused on preventing them. When ulcers do occur, treatment
options include wound dressings, antibiotics and antiseptics.

Reconstructive surgery is usually reserved for deep or hard-to-heal pressure ulcers. There are diFerent types of reconstructive surgery, but
most involve removing dead tissue from the wound then using soI tissue such as muscle, fat or skin from other parts of the person's body
to fill the wound cavity.

What did we want to find out?

We wanted to assess the benefits and risks of reconstructive surgery for treating pressure ulcers compared with no surgery; and the benefits
and risks of diFerent types of reconstructive surgery compared with each other. The results we were interested in were:

- complete wound healing;
- wounds reopening or new ulcers occurring at the same site as previous ulcers;
- resource use and costs;
- health-related quality of life;
- wound infection; and
- new ulcers occurring at diFerent sites from previous ulcers.

What did we do?

We searched electronic databases and trials registers for randomised controlled trials, which are clinical studies that randomly allocate
participants to diFerent treatment groups. This type of study design can provide the most reliable evidence about the eFects of a treatment.
We included studies that investigated the eFects of reconstructive surgery for treating pressure ulcers compared with no surgery. We
also included studies that compared diFerent types of reconstructive surgery for treating pressure ulcers. We applied no restrictions on
language, date of publication, or where the study was conducted. We rated our confidence in the evidence, based on factors such as study
methods and the number of people included.

What did we find?

We found one small study, which was carried out in the USA and recruited 20 participants in hospital. This study investigated two diFerent
reconstructive surgical techniques for treating stage IV pressure ulcers, which have full-thickness skin and tissue loss. The study did not
provide enough information on wound healing, wound reopening, ulcer recurrence or wound infection for us to judge the eFectiveness
of the diFerent surgical techniques.

What are the limitations of the evidence?

Reconstructive surgery for treating pressure ulcers (Review)
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We are uncertain what eFect the two surgical techniques had on wound healing, reopening or recurrence, because the trial was not well
conducted or reported, and it included a small number of participants.

We are uncertain about the benefits and harms of reconstructive surgery, and of diFerent surgical techniques, for treating pressure ulcers.
More rigorous research is needed in this area, as patients, carers and health professionals consider it a priority issue.

How up to date is this evidence?

This is an update of a previous review. The evidence is up to date to January 2022.
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Summary of findings 1.   Cone of pressure flap compared with standard flap technique

Cone of pressure flap compared with standard flap technique

Patient or population: people with stage IV pressure ulcers
Setting: hospital
Intervention: COP flap surgery
Comparison: standard flap surgery

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with stan-
dard flap

Risk with COP
flap

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationComplete heal-
ing of surgical
wound

Follow-up: 16
months

Not calculable Not calculable

Not calculable 20 (1 RCT) ⊕⊝⊝⊝

Very lowa

The included study reported that minor complications,
including delayed wound healing and wound dehis-
cence that did not require surgical intervention, were
comparable between the groups. We could not calculate
an effect estimate and are uncertain of the effect of the
interventions on wound healing.

Study populationWound dehis-
cence

Follow-up: 16
months

Not calculable Not calculable

Not calculable 20 (1 RCT) ⊕⊝⊝⊝

Very lowa

The included study reported that minor complications,
including delayed wound healing and wound dehis-
cence that did not require surgical intervention, were
comparable between the groups. We could not calculate
an effect estimate and are uncertain of the effect of the
interventions on wound dehiscence.

Study populationPressure ulcer
recurrence
Follow-up: 16
months

Not calculable Not calculable

Not calculable 20 (1 RCT) ⊕⊝⊝⊝

Very lowa

The included study did not clearly report the proportion
of participants in each group with pressure ulcer recur-
rence. We could not calculate an effect estimate and are
uncertain of the effect of the interventions on ulcer re-
currence.

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

CI: confidence interval; COP: cone of pressure; RCT: randomised controlled trial.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
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Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for high risk of bias in multiple domains, and two levels for imprecision due to low participant number and incomplete reporting.
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B A C K G R O U N D

Description of the condition

Pressure ulcers, also known as bedsores, decubitus ulcers or
pressure injuries, are localised areas of ischaemic injury to the skin
and underlying tissue caused by prolonged external mechanical
forces such as pressure or shear beyond the normal physiological
constraints (EPUAP-NPUAP-PPPIA 2014). These forces are greater
in the presence of an underlying bony prominence such as the
sacrum, ischium, trochanter or heel (Vanderwee 2007), which is
where pressure ulcers tend to occur.

The populations at greatest risk include non-ambulatory
individuals, especially those with spinal cord injuries (Gefen 2014).
Pressure ulcers also develop in people with prolonged impaired
consciousness (e.g. during prolonged surgical procedures;  Chen
2012; Primiano 2011), people in intensive care (Ranzani 2016),
and people incapacitated through intoxication (Yanagawa 2011).
Furthermore, acute and chronic comorbidities that limit mobility
or tactile sensation increase risk, with older adults most vulnerable
(Allman 1997; Bergstrom 1998; Berlowitz 1990; Berlowitz 1997;
Brandeis 1994). Pressure ulcers commonly occur in people with
systemic disease such as diabetes (Brem 2003). Incontinence can
increase the risk of ulceration by producing a moist, contaminated
environment for the skin injury (Brandeis 1994). Poor nutritional
status can also impair the healing of these complex wounds (Allman
1997; Donini 2005), though there is currently limited evidence on
the eFectiveness of nutritional intake interventions for preventing
or treating pressure ulcers (Langer 2014; Smith 2013).

Pressure ulcers vary in severity. One of the most widely recognised
systems for categorising pressure ulcers is that of the National
Pressure Injury Advisory Panel, which is summarised below (NPIAP
2016).

• Category/Stage I: "Intact skin with a localized area of non-
blanchable erythema, which may appear diFerently in darkly
pigmented skin. Presence of blanchable erythema or changes
in sensation, temperature, or firmness may precede visual
changes. Color changes do not include purple or maroon
discolouration; these may indicate deep tissue pressure injury."

• Category/Stage II: "Partial-thickness loss of skin with exposed
dermis. The wound bed is viable, pink or red, moist, and
may also present as an intact or ruptured serum-filled blister.
Adipose (fat) is not visible and deeper tissues are not visible.
Granulation tissue, slough and eschar are not present. These
injuries commonly result from adverse microclimate and shear
in the skin over the pelvis and shear in the heel. This stage
should not be used to describe moisture associated skin
damage (MASD) including incontinence associated dermatitis
(IAD), intertriginous dermatitis (ITD), medical adhesive related
skin injury (MARSI), or traumatic wounds (skin tears, burns,
abrasions)."

• Category/Stage III: "Full-thickness loss of skin, in which
adipose (fat) is visible in the ulcer and granulation tissue
and epibole (rolled wound edges) are oIen present. Slough
and/or eschar (dead tissue, dry scab) may be visible. The
depth of tissue damage varies by anatomical location; areas of
significant adiposity can develop deep wounds. Undermining
and tunnelling may occur. Fascia, muscle, tendon, ligament,
cartilage and/or bone are not exposed. If slough or eschar

obscures the extent of tissue loss this is an Unstageable Pressure
Injury."

• Category/Stage IV: "Full-thickness skin and tissue loss with
exposed or directly palpable fascia, muscle, tendon, ligament,
cartilage or bone in the ulcer. Slough and/or eschar may be
visible. Epibole (rolled edges), undermining and/or tunnelling
oIen occur. Depth varies by anatomical location. If slough or
eschar obscures the extent of tissue loss this is an Unstageable
Pressure Injury."

Prevalence estimates vary according to the population being
assessed, the data collection methods used and decisions about
whether to include stage I pressure ulcers (where there is no active
wound, but people are 'at risk'). One large survey of hospitalised
people undertaken in several European countries returned a
pressure ulcer prevalence (stage II and above) of 10.5% (Vanderwee
2007). In 2009, an estimate for pressure ulcer prevalence (stage II
and above) across acute care, long-term care and rehabilitation
settings in the USA was 9%, with the highest prevalence (26%)
identified in long-term acute care settings (VanGilder 2009). In
the UK, national pressure ulcer data were until recently collected
across community and acute settings as part of the National Health
Service (NHS) Safety Thermometer initiative (Power 2012). The final
report, published in March 2017, estimated that 5% of patients
across these settings had pressure ulcers (NHS Safety Thermometer
Report).

We note that all the prevalence figures quoted in the previous
paragraph are for populations currently receiving medical care. One
2014 study estimated the point prevalence of pressure ulceration
in the total adult population of Leeds, UK, using data from a cross-
sectional survey (Hall 2014). The study authors identified current
cases of pressure ulcer ascertained across all care providers in the
city, and extrapolated this figure to the total adult population of
751,485, giving a point prevalence of 0.31 per 1000 people (Hall
2014). In one UK urban area, the community prevalence of pressure
ulcers estimated between February and April 2010 was 0.77 per
1000 adults (Stevenson 2013).

Pressure ulcers have a large impact on those aFected: they can
be painful and become infected or malodorous. AIer adjustment
for age, sex and comorbidities, people with pressure ulcers have
a lower health-related quality of life than those without (Essex
2009). Pressure ulcer-related treatment costs vary considerably:
one systematic review published in 2015 found daily costs ranging
from EUR 1.71 to 470.49 per person (Demarré 2015). The estimated
financial cost of treating ulcers in the UK, based on 2015/16
prices, ranged from GBP 1400 for a stage I ulcer managed in the
community, to over GBP 8500 for other stages of ulcer (Guest
2018). Research has shown that pressure ulcers increase length of
hospital stay, readmission and mortality rates (Lyder 2012), and
add considerably to the cost of an episode of hospital care (Chan
2013). One 2019 study conducted in the USA estimated that the
average cost of hospital-acquired pressure ulcers was USD 10,708
per person (Padula 2019). The total estimated cost was USD 26.8
billion at 2016 prices, and the 10.5% of people who developed stage
III or IV ulcers accounted for over 58% of this sum (Padula 2019).
The estimated cost to the Australian healthcare system of treating
pressure ulceration was AUD 983 million per annum at 2012/13
prices (Nguyen 2015).
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Conservative approaches to managing pressure ulcers, such as
dressings, are oIen associated with a protracted investment of
resources. In theory, if the aetiology of pressure sores is removed
and nutrition optimised, most should heal (Bergstrom 1996;
Bergstrom 1992). Clinicians tend to reserve surgical intervention
for the most recalcitrant (treatment-resistant) cases of stage III
and IV ulcers aIer failure of conservative measures (Margara 2003).
Surgical management usually involves debridement of unhealthy
and necrotic tissue, underlying bursae (fibrotic capsule) or even
bone, with or without immediate soI tissue cover (Conway
1956). Other than the type of surgical reconstruction, factors
contributing to successful outcomes include the quality of local
tissues, aetiology (causes of the ulcer), and the comorbidities,
education status and motivation of the aFected person (Kruger
2013).

Description of the intervention

This review focuses on the evidence on the surgical reconstruction
of pressure ulcers, where surgical reconstruction is defined as any
surgical procedure that leads to epithelial closure of the wound.
When choosing among the diverse spectrum of possible surgical
procedures, surgeons must consider the characteristics of the
person they are treating and wound level factors. Many surgical
procedures start with thorough debridement, which involves
excision of the fibrotic capsule or bursa that forms around the
chronic wound, to reveal healthy bleeding tissue. If the residual
tissue is badly scarred, the skin is vulnerable to further breakdown.
Any underlying dead or infected tissue or heterotrophic ossification
(formation of ectopic bone) should be debrided.

Following surgical debridement, reconstructive surgical methods
include the following (e.g. Maslauskas 2009).

• Primary wound closure: direct advancement of the wound
edges, either directly or in layers, to close the wound (Simman
2009).

• Skin graIs: where a thin piece of skin is surgically removed
from a donor area to replace skin in the defect or denuded
area. Clinicians occasionally opt for skin graIs to treat pressure
ulceration when all precipitating factors for pressure sore
formation have been eliminated. Skin graIs facilitate quick
wound cover and can accelerate wound healing (Srivastava
2009).

• Local random pattern flaps: this involves surgically moving the
local tissues around the wound, based on a random pattern of
blood supply, into the wound defect (Nesbit 2015).

• Regional flaps, including:
◦ muscle or musculocutaneous flaps, which involves moving

whole or part of a named muscle based on a defined blood
supply, with or without a skin island, to provide cover to the
wound (Liu 2013);

◦ fascial or fasciocutaneous flaps, which involves moving a
surgically defined fascial-based island of tissue with its intact
blood supply, with or without skin, to cover the wound
(Robertson 2015); and

◦ perforator flaps, which is a refinement of the previous
musculocutaneous or fasciocutaneous flaps approach,
whereby the surgeon identifies specific perforating blood
vessels in the flap and dissects them to allow either greater
movement or less muscle sacrifice, as well as separation of
components to each flap (Koshima 1993).

• Free flaps: this involves surgically detaching a defined island
of tissue with an artery and vein and moving it to the site of
the wound, which has local arteries or veins of similar size. The
surgeon then anastomoses the vessels to re-establish blood flow
to the island of tissue (Lemaire 2008).

• Tissue expansion: this involves a gradual increment and
recruitment of tissue surrounding a pressure ulcer. A tissue
expander is inserted into a subcutaneous pocket near the ulcer
and slowly expanded at a defined rate with saline. Once the
skin and soI tissues have enough volume to cover the pressure
ulcer, the expander is removed, and the tissues are inset to cover
the wound. Another method is to apply slow skin traction over
the wound with an incremental traction dressing, which works
on the same principle of gradual mechanical traction on skin,
promoting tissue creep (Johnson 1993). Eventually the extra
skin recruited can be used to close the wound (Wagh 2013).

Each of the above procedures can be performed alone or as part
of a multistage procedure to increase the likelihood of the tissue
surviving manipulation, reduce the overall surgical impact on the
person and minimise infection and aggravating factors. This is
particularly important as the skin quality around pressure ulcers is
usually suboptimal (Maslauskas 2009).

How the intervention might work

Surgery is indicated when conservative measures have failed to
accelerate the healing process in pressure ulceration, but only
when all other parameters are optimised. Thus, surgical closure
is oIen reserved for more complex pressure ulcers (usually stage
III or IV but occasionally stage II), and the decision on whether to
operate will depend on the probability of ulcer recurrence in each
individual. The underpinning rationale for reconstructive surgery is
that following the removal of devitalised tissue, the wound defect
is filled with vascularised healthy tissue with adequate skin cover,
which then forms a healed wound.

Why it is important to do this review

Much of the current literature around the treatment of pressure
ulcers focuses on non-surgical management. It is important to
assess current evidence regarding the clinical eFectiveness of
surgery in suitable populations. The number of surgical options
has increased with the introduction of novel approaches such as
perforator flaps and free tissue transfer, although it is unclear
how many people with pressure ulcers undergo reconstructive
surgery in any country. The published UK National Institute
for Health and Clinical Excellence (NICE) guidelines on the
prevention and management of pressure ulcers makes no specific
recommendations or suggestions regarding reconstructive surgery
of these wounds (NICE 2014). One review of the evidence
on all pressure ulcer treatments included four studies that
investigated the role of reconstructive surgery, but as none were
randomised controlled trials (RCTs), the review authors could only
draw very limited conclusions (Smith 2013). In a James Lind
Alliance Pressure Ulcer Partnership, patients, carers and health
professionals prioritised the research question 'How eFective are
surgical operations to close pressure ulcers?' (Cullum 2016). The
aim of this Cochrane Review is to present an overview of the current
evidence base to help inform decision-making in the treatment of
pressure ulcers as well as to guide future research.
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O B J E C T I V E S

To assess the eFects of diFerent types of reconstructive surgery for
treating pressure ulcers (category/stage II or above), compared with
no surgery or alternative reconstructive surgical approaches, in any
care setting.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included published and unpublished RCTs, including cluster-
RCTs, irrespective of language of report. We excluded cross-over
trials and studies using quasi-randomisation.

Types of participants

We included studies that recruited adults with a diagnosis of a
pressure ulcer (category/stage II or above) managed in any care
setting. We excluded studies involving participants with category/
stage I ulcers. We accepted study authors' definitions of stage
II or above, unless it was clear that they included wounds with
unbroken skin. We had planned to exclude studies with mixed
wound populations (i.e. studies that did not restrict inclusion to
pressure ulcers only and that may have included participants with
other types of wounds such as venous leg or diabetic foot ulcers),
but found no such studies. Although we would have included any
stage II or above pressure ulcer, we had anticipated that we would
identify studies of stage IV ulcers where the healing process had
stalled or the wound was not responding to treatment.

Types of interventions

The primary intervention was reconstructive surgery for pressure
ulceration, where reconstructive surgery is defined as any surgical
procedure that leads to epithelial closure of the wound. We
included any RCT in which the use of a specific surgical
closure technique was the only systematic diFerence between
treatment groups. We had anticipated that likely comparisons
would include surgery versus no surgery and diFerent types of
surgery compared with each other. Because we had anticipated
that reconstructive surgery would oIen include a stage of surgical
wound debridement, we included this as a co-intervention,
extracted data and discussed them in the presentation of results.
We had not planned to treat surgical debridement alone as a type
of reconstructive surgery. Other co-intervention details included
postoperative protocols. Had we found evidence of a diFerence
in use of co-interventions between groups, we would not have
considered the type of reconstructive surgery to be the only
systematic diFerence between groups and so would have excluded
these studies.

Types of outcome measures

Had we identified any studies that reported none of our predefined
outcomes but that were otherwise eligible (i.e. correct study
design, population and intervention/comparator), we would have
contacted the study authors where possible to establish whether
they had measured but not reported an outcome of interest.

We reported outcome measures at the latest available time point
(assumed to be length of follow-up if not specified) and at the time
point specified in the methods as being of primary interest (if this

was diFerent from the latest available time point). For all outcomes,
we classified outcome measures as follows.

• Less than one week to eight weeks: short-term.

• From eight weeks to 16 weeks: medium-term.

• More than 16 weeks: long-term.

Primary outcomes

• Complete wound healing. We accepted study authors'
definitions of wound healing. We had planned to record whether
healing was defined immediately following surgery or not
confirmed until aIer a specific timeframe following surgery,
when the surgery was deemed to be successful. For this review,
we regarded the following measures as providing the most
relevant and rigorous measures of healing.
◦ Time to complete wound healing. We had planned to

record whether study authors had analysed this measure
correctly, using techniques that account for data censoring
and adjusting for prognostic covariates such as baseline size.

◦ Proportion of ulcers healed (frequency of complete healing).

Where studies reported both of these measures, we had planned
to present the data in an additional table of outcome data for
reference, and to report time to healing.

• Wound breakdown. We presented data on wound breakdown
using the following two outcomes, presented separately.
◦ Wound dehiscence. We had planned to assess this outcome

as the proportion of wounds that dehisced along the wound
edges that had been apposed and held together with sutures,
staples, etc. in the reconstructive surgery. We had intended
to record study authors' definitions of wound dehiscence.

◦ Wound recurrence, defined as occurrence of a new pressure
ulcer on the same site as a previous ulcer.

Secondary outcomes

• Resource use, including measures such as number of dressing
changes, nurse visits, length of hospital stay, readmission and
reoperation/intervention

• Health-related quality of life, where reported with a validated
scale such as the 36-Item Short Form Health Survey (SF-36) or
the EuroQol 5-Dimension questionnaire (EQ-5D), or a validated
disease-specific questionnaire such as the CardiF Wound Impact
Schedule. We did not plan to include ad hoc measures of quality
of life that were unvalidated or were not common to multiple
trials

• Wound infection, as defined by study authors

• Costs applied to resource use

• Incidence of secondary ulceration, where a second pressure
ulcer formed in a diFerent area during follow-up.

Search methods for identification of studies

Electronic searches

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

• Cochrane Wounds Specialised Register (searched 26 January
2022);

Reconstructive surgery for treating pressure ulcers (Review)
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• Cochrane Central Register of Controlled Trials (CENTRAL; 2021,
Issue 12) in the Cochrane Library (searched 26 January 2022);

• MEDLINE Ovid including In-Process & Other Non-Indexed
Citations (1946 to 26 January 2022);

• Embase Ovid (1974 to 26 January 2022);

• CINAHL Plus EBSCO (Cumulative Index to Nursing and Allied
Health Literature; 1937 to 26 January 2022).

In MEDLINE Ovid, we combined the subject-specific strategy
with the sensitivity-maximising version of the Cochrane highly
sensitive search strategy for identifying randomised trials (2008
revision;  Lefebvre 2021). We combined the Embase Ovid search
with the Embase Ovid filter developed by Cochrane UK (Lefebvre
2021). We combined the CINAHL EBSCO Plus search with the trial
filter developed by Glanville 2019. There were no restrictions with
respect to language, date of publication or study setting.

We also searched the following clinical trials registries.

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched 26 January
2022);

• World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP; www.who.int/clinical-trials-registry-
platform; searched 26 January 2022).

Appendix 1 presents the search strategies for all the databases and
registries.

For details of the search strategies used for the previous version of
this review, see Wong 2016b.

Searching other resources

We searched the reference lists of included trials, as well as
relevant systematic reviews, meta-analyses and health technology
assessment reports, to identify other potentially eligible trials or
ancillary publications.

Data collection and analysis

We carried out data collection and analysis according to the
methods stated in the published protocol (Wong 2016a), which
were based on Chapter 5 of the Cochrane Handbook for Systematic
Reviews of Interventions (Li 2022).

Selection of studies

Two review authors independently screened the titles and
abstracts of the citations retrieved by the searches. AIer the
initial assessment, we obtained full-text copies of all studies
considered potentially relevant. Two review authors independently
checked the full papers for eligibility. We resolved disagreements
by discussion and, where required, with the input of a third review
author. We did not need to contact study authors to query any
study details with regard to eligibility. We recorded all reasons for
exclusion of studies for which we had obtained full copies. We
completed a PRISMA flowchart to summarise this process (Liberati
2009).

We obtained all available publications of each study. Whilst we
would only have included each study once in our review, we had
planned to extract data from all reports.

Data extraction and management

We extracted and summarised details of the eligible study
using a data extraction sheet. Two review authors extracted
data independently and resolved disagreements by discussion.
We would have consulted a third review author if required.
We attempted to contact the study authors to obtain missing
information. Had we included studies with more than two
intervention arms, we would only have extracted data from
intervention and control groups that met our eligibility criteria.

We had planned to extract the following data from each study
for the prespecified interventions and outcomes in this review.
We collected outcome data for relevant time points as described
in Types of outcome measures.

• Country of origin.

• Type of wound and surgery.

• Unit of randomisation (per participant): single wound or
multiple wounds on the same participant.

• Unit of analysis.

• Trial design (e.g. parallel, cluster).

• Care setting.

• Number of participants randomised to each trial arm.

• Eligibility criteria and key baseline participant data.

• Details of treatment regimen received by each group.

• Duration of treatment.

• Details of any co-interventions.

• Primary and secondary outcome(s), with definitions.

• Outcome data for primary and secondary outcomes (by group).

• Duration of follow-up.

• Number of withdrawals (by group).

• Publication status of study.

• Source of funding for trial.

Assessment of risk of bias in included studies

Two review authors independently assessed the included study
using the Cochrane risk of bias tool (RoB 1), as detailed in
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). This tool addresses six specific domains: sequence
generation, allocation concealment, blinding, incomplete data,
selective outcome reporting and other issues. For this review,
we had planned to record unit of analysis issues, for example,
where trial authors had randomised clusters but analysed data
at the individual level (Appendix 2). We assessed blinding
and completeness of outcome data for each of the review
outcomes separately. Because we had anticipated that blinding
of participants and personnel would not be possible, the risk
of detection bias assessment focused on whether the study had
blinded outcome assessment: assessment of wound outcomes
such as breakdown and healing can be subjective and is at high
risk of detection bias when unblinded. We presented our risk
of bias assessment results using two summary figures: one that
summarises risk of bias for each item across all studies, and a
second that shows a cross-tabulation of each trial against each
individual risk of bias item.

For trials using cluster randomisation, we had planned to consider
recruitment bias, baseline imbalance, loss of clusters, incorrect
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analysis and comparability with individually randomised trials
(Higgins 2022a; Appendix 3).

Measures of treatment e<ect

For dichotomous outcomes, we had planned to calculate risk
ratio (RRs) with 95% confidence intervals (CIs). For continuously
distributed outcome data, we had planned to use the mean
diFerence (MD) with 95% CIs, where trials used the same or a similar
assessment scale. For trials that used diFerent assessment scales,
we had planned to use standardised mean diFerences (SMDs) with
95% CIs. We had planned to consider mean or median time to
healing without survival analysis as a valid outcome only where
reports specified that all wounds had healed (i.e. where there
was no censoring and the trial authors regarded time to healing
as a continuous measure). We had planned to report time-to-
event data (e.g. time to complete wound healing) as hazard ratios
(HRs) where possible, in accordance with the methods described
in the Cochrane Handbook for Systematic Reviews of Interventions
(Deeks 2022). For studies reporting time-to-event data (e.g. time
to healing) without HRs, we had planned to estimate this eFect
measure using other reported outcomes, such as the numbers of
events, by applying available statistical methods (Parmar 1998).

Unit of analysis issues

For studies that randomised at the participant level and measured
outcomes at the wound level (e.g. wound healing), we had planned
to treat the participant as the unit of analysis when the number
of wounds assessed appeared equal to the number of participants
(e.g. one wound per person).

Particular unit of analysis issues in wound care trials can occur:

•   when studies randomise at the participant level, use the
allocated treatment on multiple wounds per participant, then
analyse outcomes per wound; or

• when studies undertake multiple assessments of an outcome
over time per participant.

We would have treated studies using these approaches as cluster
trials alongside more standard cluster designs, such as delivery of
interventions at an organisational level.

Had we identified a correctly analysed cluster trial, we would have
meta-analysed the eFect estimates and their standard errors using
the generic inverse-variance method in Review Manager 5 (RevMan
5; Review Manager 2020).

As part of the risk of bias assessment, we had planned to
record where authors of cluster-randomised trials had performed
incorrect data analyses. If possible, we would have approximated
the correct analyses based on guidance presented in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2022b).
We would have used information on:

• the number of clusters randomised to each intervention group,
or the mean size of each cluster;

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

• an estimate of the intracluster (or intraclass) correlation
coeFicient (ICC).

Where we could not analyse study data correctly, we had planned
to extract and present outcome data but not analyse them further.

Dealing with missing data

Data are oIen missing from trial reports. Excluding participants
from the analysis aIer randomisation, or ignoring those lost
to follow-up, compromises the randomisation and potentially
introduces bias into the trial. Where there were missing data, we
requested them from the study authors.

Where data were unavailable for a proportion of the wounds
healed, we would have assumed that the wounds of randomised
participants not included in the results section had not healed (i.e.
in the analysis, we would have included missing participants in the
denominator but not the numerator).

For continuous variables (e.g. length of hospital stay and all
secondary outcomes), we would have presented available data
from the study reports or study authors, without imputing missing
data. We had planned to calculate missing measures of variance
wherever possible, or to contact study authors where not possible.
Where these measures of variation were not available, we would
have excluded the study from the relevant meta-analyses.

Assessment of heterogeneity

Assessment of heterogeneity is a complex, multifaceted process.
We had planned to consider clinical and methodological
heterogeneity (i.e. the degree to which the included studies
varied in terms of participants, interventions, outcomes and
characteristics such as length of follow-up) and supplement this
assessment with information regarding statistical heterogeneity,
assessed using the Chi2 test (where a P level below 0.10 indicates
statistically significant heterogeneity) in conjunction with the I2
statistic (Higgins 2003). The I2 statistic examines the percentage
of total variation across RCTs that is due to heterogeneity rather
than to chance (Higgins 2003). In general, I2 values of 25% or less
may represent a low level of heterogeneity (Higgins 2003), and
values of 75% or more may indicate very high heterogeneity (Deeks
2022). However, these figures are only a guide, and statistical tests
and metrics may miss important heterogeneity. For this reason,
the overall assessment of heterogeneity would have considered
these statistics in combination with the methodological and
clinical assessment of heterogeneity. See Data synthesis for further
information about how we would have handled heterogeneity in
the data analyses.

Assessment of reporting biases

Reporting biases arise when the dissemination of research findings
is influenced by the nature and direction of results. Publication
bias is one of a number of possible causes of small-study eFects
(i.e. a tendency for estimates of the intervention eFect to be more
beneficial in smaller RCTs). Funnel plots enable a visual assessment
of the presence of small-study eFects in a meta-analysis. A funnel
plot is a simple scatter plot of the intervention eFect estimates
from individual RCTs against some measure of each trial's size
or precision (Page 2022). We planned to present funnel plots for
meta-analyses comprising 10 or more RCTs using RevMan 5 (Review
Manager 2020).
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Data synthesis

We had planned to combine details of included studies in a
narrative review according to type of comparator, taking into
consideration the location or type of wound if appropriate, and
then according to outcomes by time period. We had planned to
consider clinical and methodological heterogeneity and undertake
pooling when studies appeared suFiciently similar in terms of
wound type, intervention type, duration of follow-up and outcome
type.

For meta-analysis, our default approach would have been to use
the random-eFects model. We had planned to only use a fixed-
eFect approach when we considered clinical heterogeneity to be
minimal and the statistical heterogeneity assessment gave a non-
significant Chi2 P value and an I2 value of 0% (Kontopantelis
2012). We prefer the more conservative random-eFects model
because statistical assessments can miss potentially important
between-study heterogeneity (Kontopantelis 2013). Where clinical
heterogeneity was thought to be acceptable or of interest but
statistical heterogeneity was high, we had planned to consider
meta-analysis, attempting to interpret the causes behind the
statistical heterogeneity (e.g. using meta-regression;  Thompson
1999).

We had planned to present data using forest plots where possible.
For dichotomous outcomes, we had planned to present the
summary estimates as RRs with 95% CIs. Where continuous
outcomes were measured in the same way across studies, we had
planned to present a pooled MD with 95% CI, and for outcomes
measured with diFerent measures, we would have used SMD
estimates. For time-to-event data, we had planned 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 (Review Manager 2020).

We had planned to obtain pooled estimates of treatment eFect
using RevMan 5 (Review Manager 2020).

Subgroup analysis and investigation of heterogeneity

Where feasible, we would have explored the findings by ulcer stage
and type of surgery.

Sensitivity analysis

Where possible, we would have performed sensitivity analyses to
explore the eFect on any pooled analysis of removing studies at
high risk of bias in any domain.

Summary of findings and assessment of the certainty of the
evidence

We presented the main results of the review in a summary of
findings table. These tables present key information concerning
the certainty of the evidence, the magnitude of the eFects of the
interventions examined and the sum of the available data for the
main outcomes (Schünemann 2022). Summary of findings tables
also include an overall rating of the evidence related to each of the
main outcomes based on the GRADE approach. This defines the
certainty of a body of evidence as the extent to which one can be
confident that an estimate of eFect or association is close to the
true quantity of specific interest. The certainty of a body of evidence
involves consideration of within-trial risk of bias (methodological
quality), directness of evidence, heterogeneity, precision of eFect
estimates and risk of publication bias (Schünemann 2022). Due
to the nature of the comparison, we did not downgrade the
certainty of the evidence for high risk of performance bias alone
(as blinding of surgeons appears impossible). We presented the
following outcomes in the summary of findings table.

• Complete wound healing.

• Wound dehiscence.

• Wound recurrence.

For other outcomes, we conducted a GRADE assessment and
presented the results in narrative format in the Results section. In
all cases, we followed the advice of the GRADE working group when
preparing statements to justify our decisions (Santesso 2020).

Some elements of this methods section are based on the standard
Cochrane Wounds protocol template.

R E S U L T S

Description of studies

Results of the search

Searches for this update retrieved 1365 unique records following
deduplication. We obtained 16 of these as potentially relevant to
this review. Over the lifetime of the review, we have assessed 1962
records (49 as full-text articles). One study, newly identified by this
update, met the inclusion criteria (Gargano 2017). We adopted a
comprehensive approach to checking other reviews and guidelines
in the field of reconstructive surgery, as well as trials registers, but
identified no additional records. We found no relevant ongoing
studies or studies awaiting classification (Figure 1).
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Figure 1.   Study flow diagram.
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Included studies

Participants

Gargano 2017  was undertaken in the USA and enroled 20
participants in hospital with stage IV ischial or sacral pressure
ulcers, aged between 20 and 70 years.

Interventions

Gargano 2017 compared a conventional method of flap surgery to
a novel cone of pressure method of flap surgery. In both groups,
surgeons used rotation fasciocutaneous flaps (a posterior thigh flap
for ischial ulcers and a gluteus flap for sacral ulcers). Participants
in the conventional surgery group had the flap sutured at the
superficial layers, such as the subcutaneous layer, the dermis and
the epidermis. In the cone of pressure flap group, a large portion of

the flap tip was de-epithelialised and deeply inset to obliterate the
dead space with externalised bolster sutures.

Excluded studies

We excluded 48 studies (15 in this update). The  Characteristics
of excluded studies  table presents the reasons for exclusion. We
excluded 21 studies because they did not assess reconstructive
surgery as an intervention, 14 because they were not RCTs, and
nine because they met neither of these two criteria. Two studies
were systematic reviews, one was an animal study, and one was
discontinued before recruiting any participants.

Risk of bias in included studies

Figure 2 and Figure 3 summarise the risk of bias in Gargano 2017.
We contacted the study authors to request missing information
regarding their methods, but received no reply.

 

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

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): All outcomes
Blinding of outcome assessment (detection bias): All outcomes

Incomplete outcome data (attrition bias): All outcomes
Selective reporting (reporting bias)

Other bias
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Low risk of bias Unclear risk of bias High risk of bias
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Gargano 2017 provided no information on randomisation sequence
generation or allocation concealment, so we judged the risk of
selection bias as unclear.

Blinding

Gargano 2017 provided no information on blinding of participants,
personnel or outcome assessors. We followed our prespecified
approach (based on the nature of the intervention) and judged the
risk of performance and detection bias as high for all outcomes.

Incomplete outcome data

Gargano 2017  reported some loss to follow-up but did specify
the number of participants or how this issue was managed. We
therefore judged risk of attrition bias as unclear.

Selective reporting

We judged the risk of reporting bias in  Gargano 2017  as high
because it was unclear which outcomes the study authors planned
to assess, and there were substantial limitations in the reporting of
the outcomes.
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Other potential sources of bias

Gargano 2017 had no clear additional sources of bias; we judged
the study at unclear risk of other bias.

E<ects of interventions

See: Summary of findings 1 Cone of pressure flap compared with
standard flap technique

Conventional versus cone of pressure flap surgery (1
randomised controlled trial, 20 participants)

See Summary of findings 1.

We attempted to contact the study authors to clarify reported data
and obtain additional information, but we received no reply.

Complete wound healing and wound dehiscence (primary
outcome)

Gargano 2017 did not report time to complete wound healing or
the number of participants with complete healing. The authors
explained that minor complications, including delayed wound
healing and wound dehiscence that did not require surgical
intervention, were comparable between the groups. There were
no separate data for delayed wound healing, and we were unable
to analyse these data further. We are uncertain of the eFect of
either method of flap surgery on complete wound healing or wound
dehiscence because the evidence is of very low certainty. We
downgraded the certainty of the evidence by two levels for high risk
of bias in multiple domains and by two levels for imprecision due
to low participant numbers and incomplete reporting.

Pressure ulcer recurrence (primary outcome)

Gargano 2017 reported wound recurrence rates of 9% (in the main
text) and 12% (in the abstract) for the 11 participants in the cone
of pressure flap group and 60% for the nine participants in the
conventional flap coverage group at 16 months' follow-up. Due to
the discrepancy in the reported percentages in the cone of pressure
flap group, and because we were uncertain how the denominators
were impacted by losses to follow-up, we could not analyse these
data further. We are uncertain what the impact of the two methods
of flap surgery is on recurrence because the evidence is of very
low certainty. We downgraded the certainty of the evidence by two
levels for high risk of bias in multiple domains and by two levels
for imprecision due to low participant numbers and incomplete
reporting.

Wound infection (secondary outcome)

In Gargano 2017, the study authors stated that three participants
in the cone of pressure flap group and two participants in the
conventional flap group had positive cultures (a surrogate outcome
for wound infection). As we were uncertain what the denominator
was due to unclear loss to follow-up, we could not calculate an
eFect estimate. This is very low-certainty evidence, downgraded by
two levels for high risk of bias, by two levels for imprecision and by
one level for indirectness.

Gargano 2017 did not report any of the other secondary outcomes
(resource use, health-related quality of life, costs, or incidence of
secondary ulceration).

D I S C U S S I O N

Summary of main results

Despite an extensive search of numerous electronic databases,
reviews, guidelines and clinical trials registers, we identified only
one study that met the inclusion criteria for this review. We
excluded most studies because they were either not RCTs, because
they did not evaluate reconstructive surgery for the management of
pressure ulcers, or for a combination of these reasons. We identified
no ongoing RCTs but did exclude a record of a clinical trial that had
been discontinued before recruiting any participants.

Overall completeness and applicability of evidence

We identified a single small RCT that compared two flap techniques
in the management of stage IV pressure ulcers. This study provided
very low-certainty evidence for all outcomes reported. There were
no studies evaluating any other comparisons. This area continues
to lack both a robust evidence base and any randomised evidence
for other comparisons of interventions or comparisons of surgery
with alternative management.

Quality of the evidence

The certainty of the evidence is very low for all outcomes. The single
small RCT was poorly reported, and we considered it at high risk of
bias in several domains and at unclear risk for all other domains.
There were insuFicient outcome data to calculate eFect estimates
for any outcome. Due to the high risk of bias and the substantial
imprecision resulting from the sample size of 20 participants, we
considered the evidence to be very low certainty.

Potential biases in the review process

We employed a robust search strategy to locate as much
relevant evidence as possible, applying no language restrictions.
We located full articles for all potentially relevant papers and
translated them where required. We found no relevant ongoing
or unpublished studies in trials registers, though there may be
additional unpublished data that we were unable to identify.

Agreements and disagreements with other studies or
reviews

There is a lack of rigorous evidence regarding the benefits and
harms of reconstructive surgery for people with pressure ulcers
(Levine 2013). Some systematic reviews have regarded surgical
reconstruction for pressure ulcers favourably, but these have
included non-randomised case series and retrospective studies
(Smith 2013; Vathulya 2022; Zwanenburg 2021). Consequently,
their usefulness in decision-making is limited. NICE guidelines on
the prevention and management of pressure ulcers do not refer
to reconstructive surgery, which further reflects the lack of robust
evidence in this area (NICE 2014).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is very little randomised controlled trial (RCT) evidence
on the relative eFectiveness of diFerent types of reconstructive
surgery for treating pressure ulcers, and there is none on the
comparison of surgery versus no surgery. Despite this lack of
evidence, retrospective cohorts in the field show that clinicians do
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opt for surgery to treat some recalcitrant ulcers (Sameem 2012),
although figures on the frequency of this type of surgery are
unavailable. Given the uncertainty regarding the clinical outcomes
and cost-eFectiveness of this approach, it seems the current
decisions on the use of reconstructive surgery are based on
local care pathways, local surgical expertise, patient and health
professional preferences and cost.

Implications for research

Reconstructive surgery is currently used to treat pressure ulcers
where other treatments have little or no impact. Research,
in the form of further RCTs of reconstructive surgery, should
be assessed for feasibility. Rigorous RCTs evaluating clinical
outcomes, cost-eFectiveness, participant-reported experiences
and changes in quality of life measures would likely benefit
people with pressure ulcers, their carers and the clinicians who
manage these wounds. Indeed, a James Lind Alliance Pressure
Ulcer Partnership highlighted the need to resolve uncertainty
about the eFectiveness of surgery for pressure ulcers (Cullum
2016). Qualitative studies may also be appropriate to develop
our understanding of participant experience and appropriate
participant-reported outcome measures.

Further eForts are needed to engage patients and surgeons in
discussions about future trials. The UK National Institute for Health
and Care Research has funded a study to advance the process of
understanding which people with pressure ulcers are most likely
to benefit from surgery and which approaches to surgery should
be prioritised for research. This project is currently underway

(NIHR 2020). Early feasibility work will be required to assess: the
acceptability of the trial for potential participants and surgeons;
likely recruitment rates; and other methodological and logistical
considerations. Amongst the studies assessed for our review, the
excluded trial that was terminated because no participants could
be recruited underlines the importance of assessing trial feasibility.
A future trial in this area could have a major impact on decision-
making and improve the quality of life of people with pressure
ulcers.
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Study characteristics

Methods Country: USA

Trial design: RCT, parallel groups

Types of wound: stage IV pressure ulcers

Types of surgery: conventional method of fasciocutaneous flaps; COP flap

Unit of randomisation: participants

Unit of analysis: participants

Care setting: hospital

Trial dates: 36-month period from 2011–2014

Duration of follow-up: 16 months (assessed); mean follow-up reported as 19 months

Participants Number of participants: 20 (11 in intervention group; 9 in control group)

Inclusion criteria

• non-healing stage IV pressure ulcers

• age 20–70 years

Exclusion criteria

• comorbidities that would prevent optimal wound healing (e.g. diabetes, coronary vascular disease,
peripheral vascular disease)

Interventions Rotation fasciocutaneous flaps were used in both groups: posterior thigh flap for ischial ulcers; gluteus
flap for sacral ulcers.

Intervention: COP flap. This technique is a modification of rotation fasciocutaneous flap in which a
large portion of its tip is de-epithelialised and inset to obliterate the undermined ulcer.

Control: conventional method. In this group, the flap was sutured only at the superficial layers, such
as the subcutaneous layer, the dermis, and the epidermis. This method does not obliterate complete-
ly the undermined areas and does not decrease the overlying shear forces between the flap and the un-
derlying bone.

Co-interventions

• Infection control, including antibiotic therapy where indicated

• Debridement with Versajet (Smith&Nephew, St. Petersburg; Florida) before surgery

• Tissue cultures after debridement (negative culture required for surgery)

• Negative-pressure wound vacuum therapy before surgery

• Control of muscle spasms

• Pressure control devices such as air mattress beds (Clinitron, Hill-Rom, Chicago, Ill) and turning pro-
tocols

• Scheduled dressing changes to keep wounds clean

• Optimisation of nutrition with albumin > 3g/dL

Outcomes Primary outcomes

• Complete healing "minor complications, which included delayed wound healing and wound dehis-
cence which did not require surgical intervention, were comparable between the groups".

• Wound breakdown (dehiscence): "minor complications, which included delayed wound healing
and wound dehiscence which did not require surgical intervention, were comparable between the
groups".

Gargano 2017 
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• Wound breakdown (recurrence): recurrence rates were reported variously as 9% and 12% of partici-
pants in the cone of pressure flap group; 60% in the conventional flap coverage group.

 Secondary outcomes

• Wound infection: clinical infection was not reported. Positive cultures (a surrogate) were seen in 3
participants in the cone of pressure group and 2 participants in the conventional group. Other sec-
ondary outcomes were not reported.

Notes This study was supported by departmental resources. The study authors paid the Article Processing
Charge.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "11 patients were randomly assigned to the treatment group (COP flap)
and 9 patients to the control group (conventional method without anchoring
technique)".

No explanation is provided for the generation of the randomisation sequence.

Allocation concealment
(selection bias)

Unclear risk Quote: "20 sequential patients treated with flap coverage". There is no infor-
mation on whether the allocation sequence was concealed.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk There is no information on blinding of participants or personnel. Given the na-
ture of the intervention, it seems impossible to blind the personnel.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk There is no information on who the outcome assessors were or whether they
were blinded to treatment allocation. It is likely that blinding outcome assess-
ment would be very difficult for some outcomes due to the nature of the inter-
vention.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Even though the study authors reported "loss of follow-up for some of the pa-
tients", they did not give a number of participants or explain how they had
managed loss to follow-up.

Selective reporting (re-
porting bias)

High risk It is unclear which outcomes the study planned to assess. Reporting of out-
comes in the results contained insufficient detail to determine the effect of the
intervention.

Other bias Unclear risk There were no clearly identified additional sources of bias.

Gargano 2017  (Continued)

COP: cone of pressure; RCT: randomised controlled trial.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Alfeehan 2021 Not an RCT; clinical experience.

Ashby 2012 Did not evaluate reconstructive surgery.

Azimian 2015 Did not evaluate reconstructive surgery.
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Study Reason for exclusion

Bosanquet 2016 Not an RCT; did not evaluate reconstructive surgery.

Brem 2000 Not an RCT.

Burgos-Gutierrez 2022 Not an RCT; retrospective study.

Chih-Hsun 2016 Not an RCT; did not evaluate reconstructive surgery.

Dehghani 2017 Did not evaluate reconstructive surgery.

DRKS00011734 Not an RCT; observational study.

Erba 2010 Did not evaluate reconstructive surgery.

Feldman 2018 Animal study.

Fulco 2015 Did not evaluate reconstructive surgery.

Garber 2002 Did not evaluate reconstructive surgery.

Gargano 2013 Not an RCT.

Granick 1998 Not an RCT; did not evaluate reconstructive surgery.

Guihan 2007 Did not evaluate reconstructive surgery.

Hallock 2013 Not an RCT

Halter 2003 Did not evaluate reconstructive surgery.

Hosseini 2014 Did not evaluate reconstructive surgery.

Kallianinen 2000 Did not evaluate reconstructive surgery.

Kim 2013 Not an RCT.

Knops 2011 Did not evaluate reconstructive surgery.

Landi 2003 Did not evaluate reconstructive surgery.

Le Chapelain 2001 Not an RCT.

Liu 2017 Not an RCT.

Margara 2008 Not an RCT.

Mo 2015 Did not evaluate reconstructive surgery.

Montag 2017 Not an RCT; did not evaluate reconstructive surgery.

Moues 2005 Did not evaluate reconstructive surgery.

Mulder 1991 Did not evaluate reconstructive surgery.

NCT02272881 Trial discontinued before any participants recruited.
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Study Reason for exclusion

NCT04446936 Not an RCT.

Nussbaum 1994 Not an RCT; did not evaluate reconstructive surgery.

Oksman 2018 Not an RCT.

Payne 2001 Did not evaluate reconstructive surgery.

Payne 2004 Did not evaluate reconstructive surgery.

Robson 2000 Did not evaluate reconstructive surgery.

Satoh 1989 Not an RCT.

Scevola 2010 Did not evaluate reconstructive surgery.

Sipponen 2009 Did not evaluate reconstructive surgery.

Smith 2013 Systematic review, not an evaluation of reconstructive surgery.

Stamate 2005 Not an RCT.

Suissa 2011 Systematic review, not an evaluation of reconstructive surgery.

Tadiparthi 2016 Not an RCT; did not evaluate reconstructive surgery.

Vink 2011 Not an RCT; did not evaluate reconstructive surgery.

WagstaF 2014 Did not evaluate reconstructive surgery.

ZuloF-Shani 2004 Not an RCT; did not evaluate reconstructive surgery.

ZuloF-Shani 2010 Not an RCT; did not evaluate reconstructive surgery.

RCT: randomised controlled trial.
 

 

A P P E N D I C E S

Appendix 1. Search strategies

Cochrane Wounds Specialised Register

1 MESH DESCRIPTOR surgical flaps EXPLODE ALL AND INREGISTER

2 MESH DESCRIPTOR Reconstructive Surgical Procedures EXPLODE ALL AND INREGISTER

3 MESH DESCRIPTOR Wound Closure Techniques EXPLODE ALL AND INREGISTER

4 MESH DESCRIPTOR skin transplantation EXPLODE ALL AND INREGISTER

5 (surger* or surgical*) AND INREGISTER

6 (primary near3 closure*) AND INREGISTER

7 (skin near3 (graI* or transplant*)) AND INREGISTER
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8 ((surg* or reconstruct* or random or region* or muscle or musculocutaneous or fascial* or fasciocutaneous* or perforat* or free) near2
flap*) AND INREGISTER

9 "tissue expansion" AND INREGISTER

10 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9

11 MESH DESCRIPTOR Pressure Ulcer EXPLODE ALL AND INREGISTER

12 (pressure NEXT (ulcer* or sore* or injur*)) AND INREGISTER

13 (decubitus NEXT (ulcer* or sore*)) AND INREGISTER

14 ((bedsore* or bed sore*)) AND INREGISTER

15 #11 OR #12 OR #13 OR #14

16 #10 AND #15

The Cochrane Central Register of Controlled Clinical Trials (CENTRAL)

#1 MeSH descriptor: [Surgical Flaps] explode all trees

#2 MeSH descriptor: [Reconstructive Surgical Procedures] explode all trees

#3 MeSH descriptor: [Wound Closure Techniques] explode all trees

#4 MeSH descriptor: [Skin Transplantation] explode all trees

#5 (surger* or surgical*):ti

#6 (primary near/3 closure*):ti,ab,kw

#7 (skin near/3 (graI* or transplant*)):ti,ab,kw

#8 ((surg* or reconstruct* or random or region* or muscle or musculocutaneous or fascial* or fasciocutaneous* or perforat* or free) near/3
flap*):ti,ab,kw

#9 "tissue expansion":ti,ab,kw

#10 {or #1-#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 {or #11-#14}

#16 (#10 and #15)

Cochrane Central Register of Controlled Trials (CENTRAL) searched via the Cochrane Wounds Specialised Register (Trial Registry
specific search)

1 MESH DESCRIPTOR surgical flaps EXPLODE ALL AND CENTRAL:TARGET

2 MESH DESCRIPTOR Reconstructive Surgical Procedures EXPLODE ALL AND CENTRAL:TARGET

3 MESH DESCRIPTOR Wound Closure Techniques EXPLODE ALL AND CENTRAL:TARGET

4 MESH DESCRIPTOR skin transplantation EXPLODE ALL AND CENTRAL:TARGET

5 (surger* or surgical*) AND CENTRAL:TARGET

6 (primary near3 closure*) AND CENTRAL:TARGET
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7 (skin near3 (graI* or transplant*)) AND CENTRAL:TARGET 1

8 ((surg* or reconstruct* or random or region* or muscle or musculocutaneous or fascial* or fasciocutaneous* or perforat* or free) near2
flap*) AND CENTRAL:TARGET

9 "tissue expansion" AND CENTRAL:TARGET

10 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 AND CENTRAL:TARGET

11 MESH DESCRIPTOR Pressure Ulcer EXPLODE ALL AND CENTRAL:TARGET

12 (pressure NEXT (ulcer* or sore* or injur*)) AND CENTRAL:TARGET

13 (decubitus NEXT (ulcer* or sore*)) AND CENTRAL:TARGET

14 ((bedsore* or bed sore*)) AND CENTRAL:TARGET

15 #11 OR #12 OR #13 OR #14 AND CENTRAL:TARGET

16 #10 AND #15 AND CENTRAL:TARGET

17 (NCT0* or ACTRN* or ChiCTR* or DRKS* or EUCTR* or eudract* or IRCT* or ISRCTN* or JapicCTI* or JPRN* or NTR0* or NTR1* or NTR2*
or NTR3* or NTR4* or NTR5* or NTR6* or NTR7* or NTR8* or NTR9* or SRCTN* or UMIN0*):AU AND CENTRAL:TARGET

18 http*:SO AND CENTRAL:TARGET

19 #17 OR #18

20 #16 AND #19

Ovid MEDLINE

1 exp Surgical Flaps/

2 exp Reconstructive Surgical Procedures/

3 exp Wound Closure Techniques/

4 exp Skin Transplantation/

5 (surger* or surgical*).ti.

6 (primary adj3 closure*).ti,ab.

7 (skin adj3 (graI* or transplant*)).ti,ab.

8 ((surg* or reconstruct* or random or region* or muscle or musculocutaneous or fascial* or fasciocutaneous* or perforat* or free) adj2
flap*).ti,ab.

9 tissue expansion.ti,ab.

10 or/1-9

11 exp Pressure Ulcer/

12 (pressure adj (ulcer* or sore* or injur*)).ti,ab.

13 (decubitus adj (ulcer* or sore*)).ti,ab.

14 (bedsore* or bed sore*).ti,ab.

15 or/11-14

16 10 and 15

17 randomized controlled trial.pt.

18 controlled clinical trial.pt.
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19 randomized.ab.

20 placebo.ab.

21 drug therapy.fs.

22 randomly.ab.

23 trial.ab.

24 groups.ab.

25 or/17-24

26 exp animals/ not humans.sh.

27 25 not 26

28 16 and 27

Ovid Embase

1 exp skin graI/

2 exp tissue flap/

3 exp tissue expansion/

4 exp reconstructive surgery/

5 exp wound closure/

6 (surger* or surgical*).ti.

7 (primary adj3 closure*).ti,ab.

8 (skin adj3 (graI* or transplant*)).ti,ab.

9 ((surg* or reconstruct* or random or region* or muscle or musculocutaneous or fascial* or fasciocutaneous* or perforat* or free) adj2
flap*).ti,ab.

10 tissue expansion.ti,ab.

11 or/1-10

12 exp decubitus/

13 (pressure adj (ulcer* or sore* or injur*)).ti,ab.

14 (decubitus adj (ulcer* or sore*)).ti,ab.

15 (bedsore* or bed sore*).ti,ab.

16 or/12-15

17 11 and 16

18 Randomized controlled trial/

19 Controlled clinical study/

20 Random$.ti,ab.

21 randomization/

22 intermethod comparison/

23 placebo.ti,ab.
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24 (compare or compared or comparison).ti.

25 ((evaluated or evaluate or evaluating or assessed or assess) and (compare or compared or comparing or comparison)).ab.

26 (open adj label).ti,ab.

27 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.

28 double blind procedure/

29 parallel group$1.ti,ab.

30 (crossover or cross over).ti,ab.

31 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 orintervention$1 or patient$1 or subject$1 or participant
$1)).ti,ab.

32 (assigned or allocated).ti,ab.

33 (controlled adj7 (study or design or trial)).ti,ab.

34 (volunteer or volunteers).ti,ab.

35 human experiment/

36 trial.ti.

37 or/18-36

38 (random$ adj sampl$ adj7 (cross section$ or questionnaire$1 or survey$ or database$1)).ti,ab. not (comparative study/ or controlled
study/ or randomi?ed controlled.ti,ab. or randomly assigned.ti,ab.)

39 Cross-sectional study/ not (randomized controlled trial/ or controlled clinical study/ or controlled study/ or randomi?ed controlled.ti,ab.
or control group$1.ti,ab.)

40 (((case adj control$) and random$) not randomi?ed controlled).ti,ab.

41 (Systematic review not (trial or study)).ti.

42 (nonrandom$ not random$).ti,ab.

43 Random field$.ti,ab.

44 (random cluster adj3 sampl$).ti,ab.

45 (review.ab. and review.pt.) not trial.ti.

46 we searched.ab. and (review.ti. or review.pt.)

47 update review.ab.

48 (databases adj4 searched).ab.

49 (rat or rats or mouse or mice or swine or porcine or murine or sheep or lambs or pigs or piglets or rabbit or rabbits or cat or cats or dog
or dogs or cattle or bovine or monkey or monkeys or trout or marmoset$1).ti. and animal experiment/

50 Animal experiment/ not (human experiment/ or human/)

51 or/38-50

52 37 not 51

53 17 and 52

EBSCO CINAHL Plus

S40 S16 AND S39

S39 S38 NOT S37
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S38 S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31

S37 S35 NOT S36

S36 MH (human)

S35 S32 OR S33 OR S34

S34 TI (animal model*)

S33 MH (animal studies)

S32 MH animals+

S31 AB (cluster W3 RCT)

S30 MH (crossover design) OR MH (comparative studies)

S29 AB (control W5 group)

S28 PT (randomized controlled trial)

S27 MH (placebos)

S26 MH (sample size) AND AB (assigned OR allocated OR control)

S25 TI (trial)

S24 AB (random*)

S23 TI (randomised OR randomized)

S22 MH cluster sample

S21 MH pretest-posttest design

S20 MH random assignment

S19 MH single-blind studies

S18 MH double-blind studies

S17 MH randomized controlled trials

S16 S10 AND S15

S15 S11 OR S12 OR S13 OR S14

S14 TI decubitus ulcer OR AB decubitus ulcer

S13 TI ( bed sore* or bedsore* ) or AB ( bed sore* or bedsore* )

S12 TI ( pressure ulcer* or pressure sore* or pressure injur* ) or AB ( pressure ulcer* or pressure sore* or pressure injur*)

S11 (MH "Pressure Ulcer+")

S10 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9

S9 TI tissue expansion OR AB tissue expansion

S8 TI ((surg* or reconstruct* or random or region* or muscle or musculocutaneous or fascial* or fasciocutaneous* or perforat* or free) N2
flap*) OR AB ((surg* or random or region* or muscle or musculocutaneous or fascial* or fasciocutaneous* or perforat* or free) N2 flap*)

S7 TI (skin N3 (graI* or transplant*)) or AB (skin N3 (graI* or transplant*))

S6 TI ((primary or wound*) N3 closure*)) OR AB ((primary or wound*)N3 closure*))

S5 TI surger* or surgical*
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S4 (MH "Skin Transplantation")

S3 (MH "Surgery, Reconstructive+")

S2 (MH "Tissue Expansion")

S1 (MH "Surgical Flaps+")

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

Surgery OR reconstruction OR flap OR graI OR transplant | Pressure Ulcer

Surgery OR reconstruction OR flap OR graI OR transplant | Pressure Injury

Surgery OR reconstruction OR flap OR graI OR transplant | Pressure Ulcers Stage III

Surgery OR reconstruction OR flap OR graI OR transplant | Pressure Ulcer, Stage IV

World Health Organization International Clinical Trials Registry Platform (ICTRP)

(surgery OR reconstruction OR flap OR graI OR transplant) [Intervention]

AND pressure ulcer [Title]

(surgery OR reconstruction OR flap OR graI OR transplant) [Intervention]

AND pressure ulcer [Condition]

(surgery OR reconstruction OR flap OR graI OR transplant)[Intervention]

AND Pressure sore [Title]

(surgery OR reconstruction OR flap OR graI OR transplant)[Intervention]

AND Pressure sore [Condition]

(surgery OR reconstruction OR flap OR graI OR transplant)[Intervention]

AND decubitus [Title]

(surgery OR reconstruction OR flap OR graI OR transplant) [Intervention]

AND decubitus [Condition]

Appendix 2. 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; shuFling 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: insuFicient 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: use of an open random allocation schedule (e.g. a list of random numbers); assignment envelopes without
appropriate safeguards (e.g. envelopes were unsealed, non-opaque or not sequentially numbered); alternation or rotation; date of birth;
case record number; any other explicitly unconcealed procedure.
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Unclear: insuFicient 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 suFicient 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 unlikely 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
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:

• InsuFicient 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 introduce 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 eFect estimate.

• For continuous outcome data, plausible eFect size (diFerence in means or standardised diFerence in means) among missing outcomes
not enough to have a clinically relevant impact on observed eFect 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 eFect estimate.

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

• InsuFicient 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.

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.
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• The study protocol is unavailable 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 eFect).

• 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: insuFicient 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;

• has been claimed to have been fraudulent; or

• had some other problem.

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

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

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

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

In cluster-randomised trials, particular biases to consider include the following.

• Recruitment bias. This can occur when individuals are recruited to the trial aIer the clusters have been randomised, as the knowledge
of whether each cluster is an 'intervention' or 'control' cluster could aFect the types of participants recruited.

• Baseline imbalance. Cluster-randomised trials oIen randomise all clusters at once, so lack of concealment of an allocation sequence
should not usually be an issue. However, because small numbers of clusters are randomised, there is a possibility of chance baseline
imbalance between the randomised groups, in terms of either the clusters or the individuals. Although not a form of bias as such, the
risk of baseline diFerences 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 eFects of baseline
imbalance.

• 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.

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

• Comparability with individually randomised trials. In a meta-analysis including both cluster and individually randomised trials,
or including cluster-randomised trials with diFerent types of clusters, possible diFerences between the intervention eFects 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 eFective than if the vaccine was applied to only half of the people. Another example is provided by
a Cochrane Review of hip protectors. The cluster trials showed large positive eFect whereas individually randomised trials did not
show any clear benefit. One possibility is that there was a 'herd eFect' in the cluster-randomised trials (which were oIen performed in
nursing homes, where compliance with using the protectors may have been enhanced). In general, such 'contamination' would lead
to underestimates of eFect. Thus, if an intervention eFect is still demonstrated despite contamination in those trials that were not
cluster-randomised, a confident conclusion about the presence of an eFect can be drawn. However, the size of the eFect is likely to be
underestimated. Contamination and 'herd eFects' may be diFerent for diFerent types of cluster.
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