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Background: Pressure ulcers (PUs) are a burden to patients, carers and health-care providers. Specialist
mattresses minimise the intensity and duration of pressure on vulnerable skin sites in at-risk patients.

Primary objective: Time to developing a new PU of category ≥ 2 in patients using an alternating pressure
mattress (APM) compared with a high-specification foam mattress (HSFM).

Design: A multicentre, Phase III, open, prospective, planned as an adaptive double-triangular group
sequential, parallel-group, randomised controlled trial with an a priori sample size of 2954 participants.
Randomisation used minimisation (incorporating a random element).

Setting: The trial was set in 42 secondary and community inpatient facilities in the UK.

Participants: Adult inpatients with evidence of acute illness and at a high risk of PU development.

Interventions and follow-up: APM or HSFM – the treatment phase lasted a maximum of 60 days;
the final 30 days were post-treatment follow-up.
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Main outcome measures: Time to event.

Results: From August 2013 to November 2016, 2029 participants were randomised to receive either APM
(n = 1016) or HSFM (n = 1013). Primary end point – 30-day final follow-up: of the 2029 participants in
the intention-to-treat population, 160 (7.9%) developed a new PU of category ≥ 2. There was insufficient
evidence of a difference between groups for time to new PU of category ≥ 2 [Fine and Gray model HR
0.76, 95% confidence interval (CI) 0.56 to 1.04; exact p-value of 0.0890 and 2% absolute difference].
Treatment phase sensitivity analysis: 132 (6.5%) participants developed a new PU of category ≥ 2 between
randomisation and end of treatment phase. There was a statistically significant difference in the treatment
phase time-to-event sensitivity analysis (Fine and Gray model HR 0.66, 95% CI 0.46 to 0.93; p = 0.0176
and 2.6% absolute difference). Secondary end points – 30-day final follow-up: new PUs of category ≥ 1
developed in 350 (17.2%) participants, with no evidence of a difference between mattress groups in time
to PU development, (Fine and Gray model HR 0.83, 95% CI 0.67 to 1.02; p-value = 0.0733 and absolute
difference 3.1%). New PUs of category ≥ 3 developed in 32 (1.6%) participants with insufficient evidence
of a difference between mattress groups in time to PU development (Fine and Gray model HR 0.81, 95% CI
0.40 to 1.62; p = 0.5530 and absolute difference 0.4%). Of the 145 pre-existing PUs of category 2, 89
(61.4%) healed – there was insufficient evidence of a difference in time to healing (Fine and Gray model HR
1.12, 95% CI 0.74 to 1.68; p = 0.6122 and absolute difference 2.9%). Health economics – the within-trial
and long-term analysis showed APM to be cost-effective compared with HSFM; however, the difference in
costs models are small and the quality-adjusted life-year gains are very small. There were no safety concerns.
Blinded photography substudy – the reliability of central blinded review compared with clinical assessment
for PUs of category ≥ 2 was ‘very good’ (kappa statistic 0.82, prevalence- and bias-adjusted kappa 0.82).
Quality-of-life substudy – the Pressure Ulcer Quality of Life – Prevention (PU-QoL-P) instrument meets the
established criteria for reliability, construct validity and responsiveness.

Limitations: A lower than anticipated event rate.

Conclusions: In acutely ill inpatients who are bedfast/chairfast and/or have a category 1 PU and/or localised
skin pain, APMs confer a small treatment phase benefit that is diminished over time. Overall, the APM
patient compliance, very low PU incidence rate observed and small differences between mattresses indicate
the need for improved indicators for targeting of APMs and individualised decision-making. Decisions
should take into account skin status, patient preferences (movement ability and rehabilitation needs) and
the presence of factors that may be potentially modifiable through APM allocation, including being
completely immobile, having nutritional deficits, lacking capacity and/or having altered skin/category 1 PU.

Future work: Explore the relationship between mental capacity, levels of independent movement,
repositioning and PU development. Explore ‘what works for whom and in what circumstances’.

Trial registration: Current Controlled Trials ISRCTN01151335.

Funding: This project was funded by the National Institute for Health Research Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 23, No. 52.
See the NIHR Journals Library website for further project information.
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Glossary

PU of category ≥ 2  A pressure ulcer of category 2 or higher.
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Plain English summary

P ressure ulcers (PUs) are patches of damaged skin, mainly caused by sitting/lying in one position. PUs are
graded based on how serious they are, ranging from red patches (category 1) through small skin breaks/

blisters (category 2) to serious wounds (category 4).

Special mattresses are used to help prevent PUs. This study compared alternating pressure mattresses
(APMs) with high-specification foam mattresses (HSFMs), to see which is better at preventing PUs.

The study included adults admitted to hospital for acute illness who were at a high risk of developing PUs.
Patients were randomly allocated to HSFM or APM. Nurses checked patients’ skin and recorded changes.

A total of 132 patients developed at least one new PU of category ≥ 2 before the end of treatment
(60 days maximum). Of these, 53 patients were allocated to the APM arm and 79 to the HSFM arm,
a difference of 2.6%. This is a small but significant difference.

Nurses looked at patients’ skin again 30 days after the patient had stopped using a trial mattress. At this
point, 160 patients had at least one new PU (of category ≥ 2). Of these, 70 patients were allocated to
the APM arm and 90 to the HSFM arm, a very small difference of 2.0%. Some patients asked to change
mattresses; this happened more in the APM group.

This study focused on high-risk patients; however, only a small number of people developed PUs, suggesting
that prevention is possible with either mattress. Results also suggest that certain groups of patients may
benefit more from APMs, for example people who cannot give consent or who have skin redness.

When planning prevention and choosing mattresses, professionals and patients need to consider a number
of factors, such as comfort, existing PUs and people’s ability to self-care. Further research is recommended
to understand what sort of prevention works, for whom and in what circumstances.
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Scientific summary

Background

Pressure ulcers (PUs) are a cross-specialty problem; they are a complication of serious acute or chronic
illness in patient populations characterised by high levels of comorbidity and mortality.

Specialist mattresses are used to minimise intensity and duration of pressure on vulnerable skin sites and are
classified by their mode of action as ‘low technology’ (e.g. static) or ‘high technology’ (e.g. electrically powered).

National/international guidelines recommend low-technology high-specification foam mattresses (HSFMs)
as a minimum for high-risk patients to prevent PUs and these are in widespread clinical use. There is
clinical uncertainty about the additional benefit of high-technology mattresses because of a lack of
high-quality evidence; however, use in the NHS is also widespread.

This study compared the two main mattress types utilised in the NHS: (1) high-technology alternating
pressure mattresses (APMs) and (2) low-technology HSFMs.

Objectives

Primary objective
The primary objective was to compare the time taken to develop a new PU of category ≥ 2 in patients
using an APM with those using a HSFM by 30-day final follow-up.

Secondary objectives

l To compare the time taken to develop a new PU of category ≥ 3, to develop a new PU of category
≥ 1 and to heal all pre-existing category 2 PUs, and to compare incidences of mattress changes
and safety.

l To determine the impact of APM and HSFM on health-related quality of life (HRQoL) and incremental
cost-effectiveness from health and social care sectors’ perspectives.

Secondary substudy objectives

l To assess the responsiveness of the Pressure Ulcer Quality of Life – Prevention (PU-QoL-P) instrument.
l To determine the extent of under-/over-reporting of PUs of category ≥ 2 and the feasibility of

photographs for blinded PU outcome assessment.

Methods

Trial design
Multicentre, Phase III, open, prospective, planned as a double-triangular group sequential, parallel-group,
randomised controlled trial (RCT), with two planned interim analyses.

Participants
Adult inpatients with evidence of acute illness at a high risk of PU development, managed on electric
profiling beds, with an expected length of stay of ≥ 5 days.
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Interventions

Alternating pressure mattress or HSFM, with a treatment phase of 60 days maximum.

End points

Primary end point
The time taken to develop a new PU of category ≥ 2 from randomisation, during (maximum) 60-day
treatment phase to 30-day final post-treatment follow-up.

Randomisation
Patients were randomised (1 : 1 allocation ratio) to receive APM or HSFM using minimisation with factors
such as centre, PU status, setting and consent type.

Analysis
Fine and Gray models were fitted to primary and secondary end points on the intention-to-treat (ITT)
population, with adjustment for minimisation factors and covariates, such as presence of pain and
conditions affecting peripheral circulation. A likelihood ratio test was used to assess the effect of the
mattress group.

Exploratory moderator analyses were conducted, and mediator and safety data were summarised.

For the primary cost-effectiveness analysis, total cost and quality-adjusted life-years (QALYs) over the full
final 30-day follow-up and incremental cost-effectiveness ratios (ICERs) are reported for each group.

Data collection

Baseline
Demographic, skin status, risk factors, PU prevention interventions and researcher-administered HRQoL
questionnaires [i.e. Short Form questionnaire-12 items (SF-12), Pressure Ulcer Quality of Life – Utility Index
(PU-QoL-UI) and EuroQol-5 Dimensions, five-level version (EQ-5D-5L)].

Treatment phase (maximum 60 days)
During treatment, clinical follow-up assessments were undertaken twice weekly up to day 30 and weekly
from day 31 to day 60. These included skin assessment (with photography when applicable), mattress
compliance, safety and PU prevention interventions.

Health-care resource utilisation and HRQoL questionnaires were initially completed weekly but were
reduced to weeks 1 and 3 to limit patient burden.

Final 30-day post-treatment follow-up
A follow-up visit 30 days from the end of the treatment phase comprised skin assessment (with photography
when applicable), safety, HRQoL questionnaires and health resource utilisation.

Sample size
The original calculation expected a maximum of 588 events, corresponding to 2954 participants, to have
90% power to detect a 5% difference in the incidence of PUs of category ≥ 2 between the APM and
HSFM arms, assuming an incidence of 18% on APM and 23% on HSFM [hazard ratio (HR) 0.759],
two-sided 5% significance level and 6% loss to follow-up.

Owing to slower recruitment than anticipated and the request for a recruitment extension, the funder
requested an unplanned interim analysis that was conducted and reviewed by the DMEC. A no-cost
recruitment extension was approved and the final sample size was 2030 participants.

SCIENTIFIC SUMMARY
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Trial results

Screening and recruitment
A total of 15,277 patients were screened and 2030 randomisations took place between August 2013 and
30 November 2016 from 39 NHS trusts/health boards (42 centres, comprising 25 teaching hospitals,
13 general hospitals and 9 community hospitals).

Of the 15,277 patients screened, 877 (5.7%) were not assessed for eligibility, and, of the remaining
14,400 patients, 9323 (64.7%) were ineligible, with reasons including not being at a high risk of PU
development (n = 2180; 23.4%), expected length of stay of < 5 days (n = 1640; 17.6%), patient (n = 938;
10.1%) or staff (n = 1116; 12.0%) unwilling to change mattress and patient too unwell to change mattress
(n = 709; 7.6%). Of 5077 eligible patients, 2068 (40.7%) consented and 2030 (40.0%) were randomised.

Of 2030 randomisations, 1017 (50.1%) were allocated to APM and 1013 (49.9%) were allocated to HSFM.
One patient was inadvertently randomised twice and so data from the second randomisation were
excluded. The ITT population includes a total of 2029 participants, and 81.5% of patients in each group
received their mattress within 48 hours. Withdrawals APM 6.1% (n = 62) vs. HSFM 5.6% (n = 57)] and
deaths [APM 8.1% (n = 82) vs. HSFM 8.3% (n = 84)] were balanced across arms.

Primary outcome
The primary outcome was the development of a new PU of category ≥ 2 to 30-day final follow-up.

Of the 2029 participants, 160 (7.9%) developed a new PU of category ≥ 2 [APM 6.9% (n = 70) vs. HSFM
8.9% (n = 90), absolute difference 2%]. There was insufficient evidence of a difference between mattress
groups in time to PU development [Fine and Gray model HR 0.76, 95% confidence interval (CI) 0.56 to
1.04; exact p-value of 0.0890]. The median time to development for the APM group was 18 days (range
2–86 days) and for the HSFM group and was 12 days (range 2–94 days) for the APM group; a total of 213
new PUs of category ≥ 2 were observed in 160 patients [APM, n = 89 (1.3 per patient), vs. HSFM, n = 124
(1.4 per patient)].

Baseline skin status was statistically significantly associated with category ≥ 2 PU development
(Wald p-value = 0.0057) including category 1 PUs (HR 1.83, 95% CI 1.17 to 2.87) and category 2 PU
(HR 1.83, 95% CI 1.09 to 3.09).

Sensitivity analysis: time to development of a new pressure ulcer of category ≥ 2
during the treatment phase
Of the 2029 participants, 132 (6.5%) developed a new PU of category ≥ 2 between randomisation and
the end-of-treatment phase with a difference of 2.6% between mattress groups [APM 5.2% (n = 53) vs.
HSFM 7.8% (n = 79); absolute difference 2.6%]. There was a statistically significant difference in the
treatment-phase time-to-event sensitivity analysis (Fine and Gray model HR 0.66, 95% CI 0.46 to 0.93;
exact p-value = 0.0176).

Secondary end points

Time to development of a pressure ulcer of category ≥ 1 to the 30-day final follow-up
Of the 2029 participants, 350 (17.2%) developed a new PU of category ≥ 1 [APM 15.7% (n = 160) vs. HSFM
18.8% (n = 190), absolute difference 3.1%]. There was no evidence of a difference between mattress groups
in time to PU development (Fine and Gray model HR 0.83, 95% CI 0.67 to 1.02; exact p-value = 0.0733).

Development of a pressure ulcer of category ≥ 3 to the 30-day final follow-up
Of the 2029 participants, 32 (1.6%) developed a new PU of category ≥ 3 [APM 1.4% (n = 14) vs. HSFM 1.8%
(n = 18); absolute difference 0.4%]. There was insufficient evidence of a difference between mattress groups
in time to PU development (Fine and Gray model HR 0.81, 95% CI 0.40 to 1.62; exact p-value = 0.5530).
The number of category 3 PUs was comparable by trial arm (APM, n = 19 vs. HSFM, n = 21).
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Healing of pre-existing pressure ulcers to 30-day final follow-up
Of the 2029 participants, 145 had a pre-existing PU of category 2, of which 89 (61.4%) healed [APM 62.9%
(n = 44/70) vs. HSFM 60.0% (n = 45/75); absolute difference 2.9%]. There was insufficient evidence of a
difference in time to healing (Fine and Gray model HR 1.12 95% CI 0.74 to 1.68; exact p-value = 0.6122).

Moderator analysis
This exploratory analysis suggests that the impact of altered and category 1 skin status, complete immobility,
nutritional deficits and the vulnerability afforded by lack of capacity may be modifiable as risk factors
through use of the APMs, although the mattress interactions were non-significant.

Health economic analysis
The within-trial and long-term analysis showed APM to be cost-effective compared with HSFM, despite the
negligible difference in QALYs (equating to around half a quality-adjusted life-day in both the within-trial
and lifetime model analyses). This is because the cost-effectiveness results are driven by the costs difference.
It could be posited that the small differences between QALYs could, in part, be down to a lack of sensitivity
of the EQ-5D-5L; however, analyses using data collected using the PUQoL-UI (a preference-based measure
developed to assess the impact of PUs on HRQoL) produced similar results to the primary analyses. The
results of the PSA confirm the results of the deterministic analysis: despite the small difference in QALYs,
as in 99% Monte Carlo iterations, use of APM is a cost-saving strategy.

Safety data
No safety concerns were indicated for either mattress. There were no related and unexpected serious
adverse events and only three mattress-related events, which were not serious. The proportion of deaths
(APM 8.1% vs. HSFM 8.3%), re-admission rates (APM 8.1% vs. HSFM 6.1%) and fall rates (APM 14.9%
vs. HSFM 15.7%) were similar in both trial arms. Of all reported falls (n = 486), most occurred after the
treatment phase (62.3%) and 5.6% resulted in serious injury, but none was classified as mattress related.

Photographic substudy

Methods
Optional patient consent was obtained for photography of all PUs of category ≥ 2 at first observation by
the clinical research nurse/practitioner (CRN/P) and a 10% random sample of patients who had a clinical
skin assessment and two photographs taken by an independent clinical assessor.

A strict protocol was used and all photographs were classified by the blinded central expert review panel
comprising three clinicians, who rated confidence in their assessment on a 1 to 10 scale.

Sample size
This study was to determine the feasibility and reliability of photography against the ‘gold-standard’ expert
nurse clinical assessment in the assessment of PUs of category ≥ 2. There was no formal sample size
calculation; however, it was estimated that a maximum of 1653 photographs would be received.

Results
Owing to the low event rate and reduced sample size, a total of 390 photographs of category ≥ 2 PUs were
expected and 248 were received. A total of 264 patients were selected for assessment by the independent
clinical assessor (a maximum of 528 photographs) and 284 (53.8%) photographs were returned from
137 (51.9%) patients.

SCIENTIFIC SUMMARY
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Blinded expert central photographic review versus clinical research nurse/registered
health-care professional clinical assessment
Overall agreement was 83.5% (207/248; 95% CI 78.9% to 88.1%); agreement was 88.3% (91/103;
95% CI 82.1% to 94.5%) for the APM arm and 80.0% (116/145; 95% CI 73.5% to 86.5%) for the
HSFM arm. Therefore, in both arms, fewer PUs in photographs were classified as a category ≥ 2 PU when
compared with the CRN/P clinical assessment.

Blinded expert central photographic review versus independent clinical assessment
Overall agreement was 91.5% (260/284); this was 90.5% (114/126) agreement for the APM arm and
92.4% (146/158) for the HSFM arm.

All photographs: blinded expert central photographic review versus all
clinical assessments
Combining all 248 category ≥ 2 PUs and 284 (10% random sample) photographs, the overall agreement
was 87.8% (467/532) between the blinded expert central photograph review and clinical assessment with
a corresponding kappa statistic of 0.82 and prevalence- and bias-adjusted kappa (PABAK) of 0.82, both
indicating ‘very good agreement’ between photographic assessment and expert clinical assessment.

Compliance
A total of 1711 (84.3%) participants in the ITT population consented to photography [APM 84.6%
(n = 860) vs. HSFM 84.0% (n = 851)]. No patients reported photography as a barrier to trial participation.

Acceptability
There were 170 occasions when photographs of category ≥ 2 PUs were not attempted; the main reason
related to consent.

Confidence in photographic assessment
All reviewers tended to be more confident when they assessed a photograph as healthy, altered compared
with photographs they assessed as category ≥ 2 PU. There was a small number of photographs for which
no assessment could be made.

Pressure Ulcer Quality of Life – Prevention evaluation

Methods
An existing patient-reported outcome instrument of HRQoL, the Pressure Ulcer Quality of Life (PU-QoL),
was modified for use in patients at risk of PU development. A subset of patients who completed both the
modified Pressure Ulcer Quality of Life – Prevention (PU-QoL-P) and the SF-12 instruments at baseline and at
30 days final follow-up were eligible for psychometric analysis.

Results
The analysis sample consisted of 617 patients. The PU-QoL-P instrument, consisting of nine PU-specific
outcomes (three symptom scales and six function scales), meets established criteria for reliability, construct
validity and responsiveness. Internal consistency reliability was high, with Cronbach’s alpha of > 0.795
(range 0.795–0.970) for all scales. The factor analysis mostly supported the six-function scale structure.
Scaling assumptions were satisfied; all item-total correlations were > 0.30. Convergent validity was
confirmed by significant correlations between hypothesised scales as expected. Mean scale scores from
baseline to 30-day final follow-up were statistically significant for all scales apart from the daily-activities
scale (effect sizes ranged from moderate to high), suggesting that PU-QoL-P scales are responsive to
change. Worse symptoms and functioning was observed in patients who had a category 1 or 2 PU than in
patients with intact skin.
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Implications for practice

l Alternating pressure mattresses confer a small treatment phase benefit in acutely ill inpatients who are
bedfast/chairfast and/or have a category 1 PU, which is diminished over time.

l Patient compliance with APMs, the low PU incidence rate and the small group differences indicate the
need for improved indicators for targeting the use of APMs.

l Individualised decision-making should take into account skin status, patient preferences (movement
ability and rehabilitation needs) and the presence of factors that may be potentially modifiable through
APM allocation including being completely immobile, having nutritional deficits, lacking capacity and/or
having altered skin/category 1 PU.

l Patients with existing category 1 and 2 PUs are most at risk of subsequent PUs of category ≥ 2 and
require targeted secondary prevention.

l Improved communication is required before ward transfers to improve the continuity of PU prevention care.
l Improvements are required to ensure continuity in PU prevention post discharge.

Implications for research

l Objective measurement instruments of key risk factors are required to better inform risk stratification
and preventative interventions in practice.

l Further analysis is required to explore the relationship between mental capacity, levels of independent
movement and repositioning, nutritional status and PU development.

l Further research is required to explore ‘what works for whom and in what circumstances’ to better
inform mattress provision for high-risk patients.

l The health economic analysis was limited by missing data; however, the difference in quality-of-life
outcomes between the trial arms was negligible and the difference in cost was small, suggesting no
need for further research.

l Central blinded expert photographic review is a reliable method for assessing PU outcomes in research.
A robust method needs to be developed to enable repeated photographic assessments that minimises
patient burden while enabling sensitivity analyses.

l Clinical end points should be considered for PU research during the treatment phase because skin
changes can occur very quickly and may be influenced by factors such as discharge plans.

l Skin site-level data collected in PU research should be detailed in order to understand how skin
changes over time. Further methodological work is required to be able to utilise these data fully in the
analysis of trial outcomes.

l The PU-QoL-P is suitable for use to capture patient-reported functioning (core domains of HRQoL)
and PU-area pain in patients at risk of PU development, and for quantifying the benefits of associated
preventative interventions from the patient’s perspective; thus far, there is a lack of HRQoL-specific
instruments for patients at risk of PU development. The PU-QoL-P can be used in research with adults
at risk of PU development in all UK health-care settings.

Trial registration

This trial is registered as ISRCTN01151335.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.
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Chapter 1 Introduction

P ressure ulcers (PUs) are a major burden on patients, carers and the health-care system,1,2 affecting
approximately one in seven hospitals and 1 in 20 community patients.3–6 PUs greatly affect patients and

their carers with physical, social and psychological factors. Distressing symptoms including pain, exudate
and odour, increased care burden, prolonged rehabilitation, requirement for bed rest, hospitalisation
and, for those who work, sickness absences are often reported.1 They are a cross-specialty problem,
a complication of serious acute or chronic illness in patient populations characterised by high levels of
comorbidity and mortality.7

A PU is described as ‘localized injury to the skin and/or underlying tissue usually over a bony prominence, as
a result of pressure, or pressure in combination with shear’8 (reproduced with permission from the National
Pressure Ulcer Advisory Panel, the European Pressure Ulcer Advisory Panel and the Pan Pacific Pressure Injury
Alliance). The primary cause of a PU is mechanical load in the form of pressure, or pressure and shear,
applied to soft tissues, generally over a bony prominence. The magnitude or duration of the mechanical load
is such that it causes cell deformation leading to cell membrane rupture and/or impairment of the blood
supply and tissue ischaemia, resulting in tissue damage.9,10

Classification

Pressure ulcers range in severity from intact skin with non-blanchable erythema to severe ulcers involving
fat, muscle and bone. Various classification systems have been developed8,11,12 using terms such as ‘grade’,
‘stage’ and ‘category’. The most widely used international classifications use a numerical scale of 1–4 to
indicate increasing severity of skin and underlying soft tissue/bone involvement, with additional descriptors
including ‘unstageable’ and ‘deep tissue injury’ for which a 1–4 classification cannot be determined from
clinical examination.8,12

More recently, Australian and US groups have advocated that the term ‘pressure injury’ be adopted to
replace the term ‘pressure ulcer’.13,14 The European position15 and a NHS Improvement Definitions Task and
Finish Group16 both recommend that the term ‘pressure ulcer’ is retained so that the UK is aligned with the
most up-to-date International Classification of Diseases, 11th Revision.17

For the purposes of this report, the term ‘pressure ulcer’ and its abbreviation ‘PU’ will be used.

Risk factors

A systematic review on PU risk factors identified the risk factor domains emerging most frequently in
multivariable modelling of independent predictors of PU development as mobility/activity, perfusion
(including diabetes) and skin/PU status.18 Moisture, age, haematological measures, nutrition and general
health status are also important, but emerge inconsistently in multivariable modelling. The importance
of body temperature and immunity require further confirmatory research and there is no clear evidence
that race and gender are important to PU development.18 The risk factor systematic review informed the
development of a PU conceptual framework that maps the potential relationships between the key ‘direct
causal factors’ (immobility/inactivity, perfusion and skin status) and the large number of other ‘indirect
causal factors’ (e.g. moisture, age, nutrition, acute illness).9
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Importance

Over the past three decades, government health departments, national guideline agencies, commissioners
and funders of health care have promoted policies, incentives and guidelines that focus on the prevention
of PUs.5,12,19–22 This reflects the high personal costs incurred by patients1,23 and the high financial costs
incurred by health-care funders and providers in the treatment of PUs due to increased length of hospital
stay, hospital admission, community nursing, treatments (reconstruction surgery/mattresses/dressings/
technical therapies) and complications (serious infection).24,25 Litigation is also a burden on health-care
providers and is predicted to increase because of general societal trends and, in some cases (e.g. the UK),
changes in the national policies that have led to investigation by government agencies of severe PUs to
detect institutional and professional neglect of vulnerable adults.21,22

Interventions for pressure ulcer prevention

In all national and international guidelines, there are three main components of PU prevention
practice, including:

1. formal risk assessment to identify ‘at risk’ patients and target preventative interventions
2. minimising both the intensity and the duration of exposure to mechanical loads on vulnerable skin sites

not adapted to loading8,12 through –

¢ minimising exposure to localised pressure through use of pressure-redistributing mattresses/cushions
¢ intermittent pressure relief26 through major or minor repositioning of patients and/or mattresses

and cushions that alternate temporarily to relieve pressure
¢ complete pressure relief through continuous offloading of a specific skin site12 achieved by

positioning patients or providing a heel offloading device so that a specific skin site (i.e. a skin site
with an existing PU or adverse skin status) is completely offloaded at all times.

3. optimising skin condition through cleansing, drying and minimising exposure to moisture.12

In this randomised controlled trial (RCT), the focus was on the effectiveness of two interventions: one
minimising the intensity of pressure and one minimising both the intensity and the duration of pressure.

Pressure ulcer prevention mattresses

Pressure-relieving mattresses either distribute a patient’s weight over a larger contact area, providing
‘constant low pressure’ to reduce pressure intensity, or mechanically distribute a patient’s weight over a
large contact area AND vary the pressure beneath the patient in order to reduce both the intensity and
the duration of pressure [alternating pressure mattresses (APMs)].27 There are a range of ‘constant low
pressure’ mattresses that are classified as ‘low technology’ [e.g. high-specification foam, gel, water] and
‘high technology’ [e.g. electrically powered air and air-fluidised (bead) beds]. All the alternating pressure
mattresses are electrically powered and are classified as high technology.27 Unit costs vary considerably;
mattresses used frequently in the UK can be as little as £80–35228 for a low-technology high-specification
foam mattress or as much as £500–4000 for a high-technology alternating pressure mattress.28 In this
study, these two main mattress types, utilised within the NHS, were compared, namely (1) high-technology
APMs and (2) HSFMs, which are low-technology support surfaces.27

Table 1 illustrates different types of mattresses and their classifications as ‘low technology’ and ‘high
technology’, as adapted from the National Institute for Health and Care Excellence (NICE) guidelines12 and
Cochrane systematic review.27 Only HSFMs and APMs were used in this study.

INTRODUCTION
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Mattress intervention effectiveness

Overall in this field, the quality of trials is poor [small underpowered studies without allocation
concealment, intention-to-treat (ITT) analysis or a priori sample size estimate].27,29 NICE guidelines12 and
systematic review evidence27 highlight the fact that NHS resource availability is not based on robust health
economic evaluations.

The fifth version of the Cochrane systematic review of support surfaces for PU prevention27 was published
in 2015. The review included 59 RCTs, of which 11 compared the effectiveness of APMs with a range of
low-technology (including high-specification foam, gel, silicone, water, static air) and high-technology
constant low-pressure mattresses (low air loss). Most trials showed no evidence of a difference between
treatment groups, although some were too small and underpowered to detect clinically important
differences. Pooling of data in a meta-analysis of 10 trials of APMs versus various constant low-pressure
mattresses showed no evidence of a difference in effectiveness for PU prevention.

Of the 11 RCTs, only one study compared APMs with a HSFM (viscoelastic)30 as part of a 2 × 2 factorial
design incorporating two methods of risk assessment (Braden Scale31 score vs. observation of category 1)
and two mattress/repositioning interventions (APM overlay vs. HSFM with turning every 4 hours). The
study took place in a single centre and recruited patients from surgery, internal medicine and elderly care.
Patients aged ≥ 18 years, with an expected length of stay of > 3 days were recruited and randomised to
be ‘risk assessed’ using either the Braden Scale31 or observation of a category 1 skin area. Those identified
as being at risk of developing a PU then had a second-level randomisation, with allocation to an APM or
HSFM with turning every 4 hours. A total of 447 patients had the second-level randomisation and the
incidence of PUs (of category ≥ 2) was 15.3% (34/222) in the APM arm and 15.6% (35/225) in the HSFM
plus repositioning arm. Outcome data were recorded by ward staff. There were more heel ulcers reported
in the HSFM arm, but more severe ulcers developed in the APM arm. An adjusted analysis incorporating
risk assessment was not reported. Results are confounded by the inclusion in the HSFM arm of turning
every 4 hours, and the potential for contamination between methods of risk assessment was not explored
(including impact on outcome assessment, i.e. staff in the category 1 risk assessment arm were already
alert to pressure damage); a major limitation is that outcome data were recorded by ward staff.

The review concluded that the relative merits of APMs and constant low-pressure mattresses are unclear.
The review recommended the evaluation of APMs compared with constant low-pressure mattresses
(such as HSFMs) because of their widespread use.27 Similarly, NICE guidelines12 research recommendations

TABLE 1 Mattress classifications

Mattress type Technology

Static overlay Low

HSFM Low

Static air filled Low

Gel filled Low

Alternating pressure High

Hybrid foam/alternating pressure High

Low air loss High

Hybrid alternating pressure/low air loss High

Specialised High

Hybrid alternating top layer and air-filled static High
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acknowledge the limited evidence of effectiveness of pressure-redistributing devices and recommend
further research. They particularly note the variation in cost of APMs compared with HSFMs.

The patient perspective

Although NICE guidelines12 are underpinned by the principle that all health-care professionals should
deliver patient-centred care, it is exceptional to find a RCT with a patient-centred outcome such as
acceptability, comfort or quality of life (QoL). Only four out of 59 RCTs included in the Cochrane review27

report patient comfort or acceptability of the mattress as an outcome and none report a patient’s QoL.

There is evidence from qualitative studies exploring the lived experience of patients with PUs23,32 and
secondary end-point data in Pressure RElieving Support SUrfaces: a Randomised Evaluation (PRESSURE) 133

that some patients do not like APMs; a network meta-analysis34 reported that APMs had the lowest
probability of being the most comfortable compared with other mattress types. Alternating pressure
mattresses comprise large air-filled pockets that inflate and deflate in cycles. The alternating sensation
is disliked by some patients and can cause feelings of nausea and affect sleep. In addition, on patient
movement, the air-filled pockets are compressed and patients find it difficult to mobilise in bed and also
report feeling unstable at the mattress edge, when they are getting in and out of bed, or feeling like they
will be ‘rolled out of bed’, creating an unsafe feeling.23,32,33 Other issues include noise from the pump,
technical failure and attendant alarms. This was further supported by members of the Pressure Ulcer
Research Service User Network (PURSUN),35 which supports research prioritisation and informs grant
development, project delivery and data interpretation. Some members of the group feel strongly that
APMs can be uncomfortable and debilitating, restrict movement and independence, exacerbate existing
balance/mobility problems and leave patients in need of extra care (i.e. help in repositioning).

Practice guidelines

Previous NICE guidance26 stated that:

. . . decisions about which pressure-relieving device to use should be based on cost considerations
and an overall assessment of the individual. Holistic assessment should include all of the following:
identified levels of risk, skin assessment, comfort, general health state, lifestyle and abilities, critical
care needs and acceptability of the proposed pressure-relieving equipment to the patient and/or carer.

Reproduced with permission from NICE. © NICE 2003 Pressure Ulcer Prevention: Pressure Ulcer Risk
Assessment and Prevention, Including the use of Pressure-Relieving Devices (Beds, Mattresses and

Overlays) for the Prevention of Pressure Ulcers in Primary and Secondary Care.26 Available from
www.nice.org.uk/guidance/cg7 All rights reserved. Subject to Notice of Rights. NICE guidance is

prepared for the National Health Service in England. All NICE guidance is subject to regular
review and may be updated or withdrawn. NICE accepts no responsibility for the use of its

content in this product/publication

It is not clear what ‘cost considerations’ means, but, in practice, decisions are generally made on unit costs
and not cost-effectiveness, this being challenged following publication of PRESSURE 1,33 in which it was
demonstrated that, despite no clinical difference between mattresses, there was a 64% probability that
the more expensive APM replacement (unit cost ≈£4000) was more cost-effective than the cheaper APM
overlay (unit cost ≈£1000).

The current NICE guideline12 for PU prevention utilised the evidence found in the 2011 version of the
McInnes et al.36 Cochrane review and recommended that a HSFM should be used for adults in secondary
care settings or those who are assessed as being at a high risk of PUs in community and primary care

INTRODUCTION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

4

http://www.nice.org.uk/guidance/cg7


environments. As this recommendation is based on trials deemed to be of low quality, NICE highlighted
the following research priority:

Do pressure redistributing devices reduce the development of pressure ulcers for those who are at risk
of developing a pressure ulcer?
Reproduced with permission from NICE. © NICE 2014 Pressure Ulcers: Prevention and Management.12

Available from www.nice.org.uk/guidance/cg179 All rights reserved. Subject to Notice of Rights.
NICE guidance is prepared for the National Health Service in England. All NICE guidance is subject to

regular review and may be updated or withdrawn. NICE accepts no responsibility for the use of its
content in this product/publication

The NICE guidelines section for PU treatment, however, do include the following caveat:

Use high-specification foam mattresses for adults with a pressure ulcer. If this is not sufficient to
redistribute pressure, consider the use of a dynamic support surface.
Reproduced with permission from NICE. © NICE 2014 Pressure Ulcers: Prevention and Management.12

Available from www.nice.org.uk/guidance/cg179 All rights reserved. Subject to Notice of Rights.
NICE guidance is prepared for the National Health Service in England. All NICE guidance is subject to

regular review and may be updated or withdrawn. NICE accepts no responsibility for the use of its
content in this product/publication

The quality of evidence to inform this recommendation was considered to be low and none of the studies
followed up patients for a sufficient time. There is no reference to the category of PU in the recommendation;
however, the RCTs used to inform this included PUs of all categories.

NHS practice

Traditional hospital foam mattresses (with a marbled cover) have been superseded by HSFMs with both a
‘high-performance’ foam core and a cover designed to minimise ‘hammocking’ and build-up of moisture.
There is good evidence of the benefit of HSFMs compared with traditional hospital mattresses in reducing
the incidence of PUs in high-risk patient populations27 and HSFMs are in widespread use in the NHS,
with many hospitals providing all patients with a HSFM as standard. Following NICE guidance,26 a HSFM is
the recommended ‘minimum’ standard care for those assessed as being ‘vulnerable to PUs’.

Despite the lack of evidence of benefit, APMs are also in widespread use in the UK for at-risk patients.
In two studies conducted as part of the Pressure UlceR Programme Of reSEarch (PURPOSE),37 their common
use in the NHS was identified. First, the multicentre PU prevalence survey,6 involving nine hospitals across
three NHS trusts and ≈3000 patients, found that ≈20% of mattresses in the adult care setting were APMs.
Second, in a multicentre cohort study of 634 patients, involving high-risk patients with mobility/activity
impairment and/or category 1 PUs,38 mattress allocation by ward staff to the study population was 48%
HSFM and 52% APM, reflecting a lack of standardised practice.

History of this research

A Health Technology Assessment (HTA) programme commissioning brief in 1998 included multicentre
RCTs to compare the clinical effectiveness and cost-effectiveness of APMs with:

l less costly alternating pressure overlays
l low-technology constant low-pressure alternatives (such as different types of HSFM).
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At that time, there was a reluctance by clinicians to randomise high-risk patients to HSFM, so the trial
funded by the HTA programme, PRESSURE 1,33,37,39 dealt with only the first of the two research priorities
and compared overlay and replacement APMs.

However, since then, many UK hospitals have replaced traditional hospital mattresses with HSFMs as
standard for some or all clinical specialties. In addition, NICE guidance12 and the widespread use of profiling
electric beds have increased clinical confidence in the use of HSFMs for high-risk patients. Furthermore,
qualitative and quantitative evidence suggests that some patients do not like APMs,23,32,33 and results of the
PRESSURE 1 trial33 showed a lack of difference in clinical outcomes between expensive alternating pressure
replacement mattresses and cheaper alternating pressure overlay mattresses. These developments in the
knowledge base and clinical experiences have challenged previously held views of clinical effectiveness
based on non-randomised evaluations, which inferred the superiority of APMs and enabled trial design and
delivery to address a key clinical question comparing high-technology APMs and low-technology HSFMs
in the prevention of new PUs.

Summary

In the light of the priority being given to PU prevention, the high cost and lack of evidence relating to the
effectiveness of mattresses in common use in the NHS, ad hoc practice in mattress allocation and the
disadvantages and difficulties reported by patients in the use of APMs, we undertook a RCT to compare
APMs with HSFMs in a high-risk inpatient population.
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Chapter 2 Trial methods

Aims and objectives

The primary aim was to determine the clinical effectiveness and cost-effectiveness of APMs and HSFMs
when used in conjunction with an electric profiling bed frame in secondary and community inpatients with
evidence of acute illness, for the prevention of PUs of category ≥ 2.

Secondary aims were to assess the feasibility of using photography to quantify potential bias in the reporting
of the PRESSURE 2 trial primary end point (see Chapter 5) and modify and evaluate the Pressure Ulcer
Quality-of-Life (PU-QoL) instrument for use in patients at risk of PUs receiving preventative interventions
(see Chapter 6).

Primary trial objective

The primary objective was to compare the time taken to develop a new PU of category ≥ 2 in participants
using APM with the time taken to develop a new PU of category ≥ 2 in those using HSFM.

Secondary trial objectives (clinical)

l To compare the time taken to develop a new PU of category ≥ 3 between participants using APM and
those using HSFM.

l To compare the time taken to develop a new PU of category ≥ 1 between participants using APM and
those using HSFM.

l To compare the time to healing of all pre-existing category 2 PUs between participants using APM and
those using HSFM.

l To compare the incidence of mattress change between participants using APM and those using HSFM.
l To compare safety between participants using APM and those using HSFM.

Secondary trial objectives (health economic)

l To determine the impact of APM and HSFM on HRQoL.
l To determine the incremental cost-effectiveness of APM compared with HSFM from the perspective of

the health and social care sectors.

Photography substudy objectives

l To assess over-reporting of category ≥ 2 PUs using photography.
l To assess under-reporting of category ≥ 2 PUs using photography.
l To assess consent rates for photography.
l To assess compliance with photographs (i.e. whether or not the intended number of photographs were

actually taken).
l To assess compliance with secure transfer of photographs between the research centre and the Clinical

Trials Research Unit (CTRU).
l To assess the quality of photographs and confidence in photographic review.
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Pressure Ulcer Quality of Life substudy objectives

l To modify the PU-QoL instrument for use with patients at a high risk of PU development receiving
preventative interventions – the Pressure Ulcer Quality of Life – Prevention (PU-QoL-P).

l To undertake a comprehensive evaluation of the psychometric measurement properties of the PU-QoL-P
instrument to ensure that it is acceptable, reliable, valid and responsive, and suitable for use in the UK
health-care setting.

Overview of methods

This chapter outlines the main methods for the trial, including all data collection for the trial and substudy
work and the analysis methods for the primary and secondary clinical results, which are detailed in
Chapter 3. Analysis methods and results for the main trial health economics and QoL comparisons,
the photography substudy and the PU-QoL substudy are detailed in Chapters 4, 5 and 6, respectively.
The discussion in Chapter 7 draws the work together.

Trial design

The trial was a multicentre, Phase III, open, prospective, randomised, planned as a double-triangular
sequential, parallel-group trial, with two planned interim analyses.

High-risk patients from secondary and community inpatient facilities with evidence of acute illness were
randomised on a 1 : 1 basis to receive either APM or HSFM in conjunction with an electric profiling bed.

The intervention phase follow-up period was for a maximum of 60 days (referred to as the ‘treatment
phase’) and there was a 30-day post-treatment phase follow-up (referred to as the ‘30-day final follow-up’).

The study protocol for this trial has already been published.40 A study flow diagram/study summary can be
found on page 6 of the trial protocol [see Methods on the project web page: www.journalslibrary.nihr.ac.uk/
programmes/hta/113633/#/ (accessed 20 November 2018)]. Summary details of the methods are given in
the following sections.

Group sequential trial design
The group sequential design provides a formal framework and efficient design in which clinical trial data
can be monitored as they accumulate, with preplanned interim analyses that can inform early stopping
for superiority, inferiority or futility. PRESSURE 2 had two preplanned interim analyses and, at each interim
analysis, the analysis of the primary end point (time to developing a PU of category ≥ 2) was to be
conducted on both the ITT and the per-protocol populations (PPPs). The results were to be presented to
the Data Monitoring and Ethics Committee (DMEC), which would advise the Trial Steering Committee
(TSC) if the balance of benefits and harms suggested that the trial should be stopped in accordance with
planned stopping rules.40

Ethics approval

Ethics approval for the study was given by Leeds West Research Ethics Committee [Research Ethics
Committee (REC) reference number 13/YH/0066; Integrated Research Application System (IRAS) project
identification: 122769]. All trial activity took place in accordance with the ethics-approved protocol,
principles of Good Clinical Practice41 and the Declaration of Helsinki.42

TRIAL METHODS
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Eligibility and informed consent

Acute secondary and community NHS trust inpatient admissions were screened for eligibility by a clinical
research nurse/registered health-care professional (CRN/P) in consultation with ward staff. Patients were
eligible at any point during their inpatient stay (and irrespective of trust provider) if they fulfilled the
following criteria:

l Had evidence of acute illness through –

¢ acute admission to secondary care hospital, community hospital or NHS-funded intermediate care/
rehabilitation facility

¢ inpatient secondary care, community hospital or NHS-funded intermediate care/rehabilitation facility
with an onset of acute illness secondary to elective admission

¢ recent secondary care hospital discharge to community hospital or NHS-funded intermediate care/
rehabilitation facility.

l Was aged ≥ 18 years.
l Had an expected total length of stay of ≥ 5 days.
l Was at a high risk of PU development as a result of one or more of the following:

¢ bedfast/chairfast AND completely immobile/very limited mobility (Braden Scale31 activity score of 1
or 2 and mobility score of 1 or 2)31

¢ category 1 PU on any pressure area skin site
¢ localised skin pain on a healthy, altered or category 1 pressure area skin site.

l Consented to participate [written, informed consent/witnessed verbal consent/consultee agreement or
nearest relative/guardian/welfare attorney (in Scotland)].

l Was expected to comply with the follow-up schedule.
l Was on an electric profiling bed frame.

Patients were excluded if:

l they had previously participated in the PRESSURE 2 trial
l they had a current or previous PU of category ≥ 3
l they had a planned admission to an intensive care unit where standard care was APM provision
l they were unable to receive the intervention (e.g. slept at night in a chair or was unable to transfer to

randomised mattress)
l they weighed less or more than mattress weight limits (< 45 kg or > 180 kg)
l it was ethically inappropriate to approach them.

A log was completed of all patients who were screened but not randomised, either because they were
ineligible or because they declined participation. The following anonymised information was included:

l age
l gender
l ethnicity
l current mattress type
l date screened
l the reason why they were not eligible or declined participation
l other reason for non-randomisation.
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Potentially eligible patients were provided with a verbal explanation of the study and a patient information
leaflet [see the project web page: www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/ (accessed
20 November 2018)]. Assenting patients were formally assessed for eligibility and invited to provide
informed consent. Witnessed consent process was used [see Witnessed Consent Form on the project web
page: www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/ (accessed 20 November 2018)] for those
who gave consent but were physically unable to complete the written form.

A large proportion of patients suffering from or at risk of PUs have cognitive impairment affecting their
understanding and/or dementia. Cognition affects compliance with repositioning and self-care. To ensure
that the study population was representative of the normal NHS clinical population assessed in the course of
usual care, recruitment procedures also facilitated consultee or nearest relative/guardian/welfare attorney
(in Scotland) agreement [see Consultee Agreement Form on the project web page: www.journalslibrary.nihr.
ac.uk/programmes/hta/113633/#/ (accessed 20 November 2018)].

Interventions

Participants were randomised to either APM or HSFM products used by the participating centre for a
maximum of 60 days. All patients were also allocated an electric profiling bed, as per standard care in the
participating centres.

As this was a pragmatic trial, operational specifications for both APMs and HSFMs were defined in the
PRESSURE 2 mattress specification guide (MSG) (see Appendix 1). Individual products allocated to trial
participants were part of the usual-care mattress stock for each participating hospital, maximising
generalisability of the trial findings.

The PRESSURE 2 MSG (see Appendix 1) provided details of foam density and cover details for HSFM and
cell height (8.5 cm minimum, 29.4 cm maximum) and cycle time and frequency for APMs. Excluded
mattresses, for example hybrid foam/air mattresses, were also specified. During feasibility assessment,
mattresses in each centre were reviewed against the PRESSURE 2 MSG and only trusts with sufficient
access to trial-eligible mattresses and electric profiling beds were able to take part in the trial. As new
mattresses were marketed during the trial period, the PRESSURE 2 MSG was updated.

All mattresses had to comply with The Medical Devices Regulations 2002 SI (Système International d’Unités).43

The allocated randomised mattress was expected to be provided to the trial patient within 24 hours of
randomisation.

Randomisation

Participants were randomised once eligibility was confirmed and the baseline assessments and
questionnaires were completed. Participants were randomised in a 1 : 1 allocation ratio, to receive either
an APM or a HSFM in conjunction with an electric profiling bed. A computer-generated minimisation
program, which incorporated a random element of 0.8, was used to ensure that intervention groups were
well balanced for the following factors:

l centre
l PU status (no PU, category 1 or 2 PU)
l secondary care hospital, community hospital/intermediate care or rehabilitation facility
l consent [written, witnessed verbal, or consultee or nearest relative/guardian/welfare attorney

(in Scotland) agreement].

The randomisation system included an automated internal check using a patient’s NHS number to confirm
that the participant had not been recruited to the trial previously.

TRIAL METHODS
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Blinding

It was not possible to blind participants, the clinical team or the CRN/P because of the nature of the
mattresses (presence/sound of a pump on the APM and different appearance of bed and sheeting on each
type of mattress).

A validation substudy, using photography with blinded central review, was therefore included to assess any
bias in the reporting of PUs of category ≥ 2, details of which are given in Chapter 5.

Assessments and instruments

Skin assessments
Pressure ulcer status was assessed using the international PU classification11 including categories 1–4,
unstageable and suspected deep tissue injury. This classification system was chosen as it was the most
frequently used system in the NHS at the start of the trial period. Additional skin status descriptors were
also assessed and recorded to characterise other alterations of intact skin and skin site exclusions from the
end-point derivation (Box 1), meeting practical data collection requirements for the purpose of research.

BOX 1 Skin classification categories

Category description

Category 0

Healthy intact skin. No skin changes.

Category A

Alterations to intact skin specified with subcategory code:

l 001 = blanching redness which persists
l 002 = bruising – red hue
l 003 = bruising – purple hue
l 004 = scar
l 005 = oedema
l 006 = cellulitis
l 007 = lymphoedema
l 008 = discoloration – ischaemia
l 009 = discoloration – cyanosis
l 010 = dry/flaky
l 011 = papery thin
l 012 = cracks/calloused
l 013 = spongy
l 014 = macerated
l 015 = scratches
l 016 = rash
l 017 = scab
l 018 = induration
l 019 = heat
l 999 = none of the above, please describe.
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In addition, photography of all category 2 PUs at first observation was undertaken (subject to consent).
At each visit, all major anatomical skin areas at risk of PU development (sacrum, spine and right and left
buttocks, ischial tuberosities, hips, heels, ankles and elbows) were assessed.

Risk factors (moderators)
Risk factors were recorded based on the pressure ulcer – minimum data set (PU-MDS)45 derived from a
systematic review of the risk-factor literature,18 which was developed using consensus methods. The PU-MDS

Category 1

Non-blanchable erythema of intact skin. Intact skin with non-blanchable erythema of a localised area usually

over a bony prominence. Discolouration of the skin, warmth, oedema, hardness or pain may also be present.

Darkly pigmented skin may not have visible blanching.

Category 2

Partial-thickness skin loss or blister. Partial-thickness loss of dermis presenting as a shallow open ulcer with a red-pink

wound bed, without slough. May also present as an intact or open/ruptured serum or serosanguinous-filled blister.

Category 3

Full-thickness skin loss. Full-thickness tissue loss. Subcutaneous fat may be visible but bone, tendon or muscle

are not exposed. Some slough may be present. May include undermining and tunnelling.

Category 4

Full-thickness tissue loss. Full-thickness tissue loss with exposed bone, tendon or muscle. Slough or eschar may

be present. Often includes undermining or tunnelling.

Category U

Unstageable. Full-thickness skin loss in which actual depth of the ulcer is completely obscured by slough

(yellow, tan, grey, green or brown) and/or eschar (tan, brown or black) in the wound bed.

Category N/A

Not applicable. Specify with subcategory code:

l 001 = amputation
l 002 = bandage in situ
l 003 = cast in situ
l 004 = dressing in situ
l 005 = incontinence-associated dermatitis
l 006 = other chronic wound
l 007 = device-related ulcer
l 008 = surgical wound/bruising
l 009 = traumatic wound/bruising
l 010 = dermatological skin condition (e.g. eczema)
l 011 = unable to assess
l 999 = none of the above, please describe.

Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance

with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute,

remix, adapt and build upon this work, for commercial use, provided the original work is properly cited.

See: http://creativecommons.org/licenses/by/4.0/.

BOX 1 Skin classification categories (continued)
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included descriptors for the key risk factors, namely skin status, mobility status, sensory perception, diabetes,
conditions affecting macro- and microcirculatory function, nutrition and skin moisture. Data on skin status,
supplementary to the minimum data set, was also recorded (see next section).

In addition, in previous exploratory work, we identified that pain was associated with the development of
new PUs of category ≥ 238 and was assessed as a covariate to further explore the prognostic value of pain.
Using our established method, the presence of localised skin pain on any pressure area skin site was
confirmed if participants responded ‘yes’ to both the following questions:

1. At any time, do you get pain, soreness or discomfort on a pressure area? Prompt – back, bottom, hips,
elbows, heels or other sites as applicable?

2. Do you think this is related to your pressure sore/lying in bed for a long time/sitting for a long time
(as appropriate)?

Pressure ulcer prevention interventions (mediators) and compliance
In order to monitor selection bias at baseline and mattress compliance at follow-up, mattress type was
recorded, including APM or other high-technology mattress and HSFM or other low-technology mattress
(see Table 1). In addition, to characterise standard care as provided at the discretion of the attending clinical
team and potential mediators, recorded PU prevention interventions included frequency of repositioning in
the previous 24 hours, chair type and cushion type (when appropriate), adjuvant dressings for prevention
and adjuvant prevention devices, such as heel off-loading devices, including pillows.

Quality-of-life and health resource utilisation data
The following QoL instruments were administered.

Generic quality-of-life instruments

EuroQol-5 Dimensions, five-level version
The EuroQol-5 Dimensions, five-level version (EQ-5D-5L), is a QoL measure consisting of five domains:
(1) mobility, (2) self-care, (3) usual activities, (4) pain/discomfort and (5) anxiety/depression. Each of these
domains has five levels: (1) no problems, (2) slight problems, (3) moderate problems, (4) severe problems
and (5) extreme problems.46

Short Form questionnaire-12 items acute
The Short Form questionnaire-12 items (SF-12) instrument was used to assess HRQoL, on the basis of
evidence from a systematic review of QoL measures for chronic wounds (including PUs)47 and practical
issues relating to the patient population.

Use of the Short Form questionnaire-36 items (SF-36) was considered for inclusion; however, it was decided
by the project team that it was too long for use with patients with PUs (e.g. these patients are largely
elderly, are highly dependent and/or have high levels of comorbidity including acute and chronic illness).
Instead, the SF-12, a short version of the SF-36, was selected to reduce respondent burden. The SF-12 is a
generic instrument that assesses eight QoL domains: (1) physical functioning, (2) role-physical, (3) body
pain, (4) general health, (5) energy/fatigue, (6) social functioning, (7) role-emotional and (8) mental health.
A physical component summary score and a mental component summary score are generated. An acute
version of the SF-12 is available that incorporates a 1-week recall period, which for this condition has been
found to be relevant.48 It takes 2 minutes to administer and has been validated for researcher administration.
Even though the SF-12 has not specifically been validated for use with people with PUs, it is widely used
in other chronic wounds and dermatological conditions to assess changes in QoL between groups, has
been used with other chronic skin wound conditions to validate their corresponding disease-specific QoL
instruments and has been validated for use with elderly people. The acute SF-12 was chosen as the best
available QoL instrument for the primary trial analysis at this stage.
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Condition-specific instruments

Pressure Ulcer Quality of Life – Prevention
During the National Institute for Health Research (NIHR) PURPOSE,37 PU-QoL, a condition-specific outcome
measure, was developed for people with PUs;48 however, there is a need for a similar measure for patients
at risk of PU (prevention). The PU-QoL-P was therefore developed and validated during this study. Further
details can be found in Chapter 6.

Pressure Ulcer Quality of Life – Utility Index
The Pressure Ulcer Quality of Life – Utility Index (PU-QoL-UI) is a condition-specific utility measure derived from
the PU-QoL instrument.37,49 It is a researcher-administered, participant-completed questionnaire. If enrolment
into the study was through consultee agreement or nearest relative/guardian/welfare attorney (in Scotland),
a proxy PU-QoL-UI could be completed by the CRN/P, ideally with a carer, on behalf of the participant.

Health-care resource use
Health-care resource utilisation (e.g. diagnostic tests and medical assessments) was abstracted from
health-care records (inpatient and outpatient) and a short researcher-administered questionnaire
(regarding the use of community health and social care) was completed with participants.

Safety monitoring
The trial population were known to have high levels of comorbidity and mortality. Therefore, it was
decided to report only events that were considered ‘related’ to the intervention.

The following adverse events (AEs) and serious adverse events (SAEs) were expected within the patient
study population and were reported during the treatment and follow-up phase:

l death (SAE)
l hospital re-admission (SAE)
l institutionalisation (AE)
l device ulcers that may be considered to be related to the mattress (AE/SAE), such as plaster cast ulcers
l falls (AE/SAE).

As these events were expected within the study population, they were subject to expedited reporting to
the main REC. Further definitions of AEs and SAEs are provided in the protocol.40

Data collection schedule

All baseline and outcome assessments were undertaken by trained CRN/Ps. Treatment phase follow-up
assessments were undertaken from randomisation to the end of the treatment phase (a maximum of
60 days). A final 30-day final follow-up visit was undertaken.

Baseline
The following baseline demographic information was collected: NHS number, date of birth, gender,
date of admission, type of admission, category of medical condition (e.g. medical, surgical), ethnicity,
confirmation general practitioner (GP) letter sent and confirmation consultant letter sent.

The following clinical assessment information was collected: pre-randomisation mattress, skin assessment,
PU category 2 photography (when present), assessment of pain on pressure area skin site, risk factors
(mobility status, sensory perception, diabetes, conditions affecting macro- and microcirculatory function,
nutrition, skin moisture, friction and shear), height and weight (self-reported or from records), PU
prevention mattress and other interventions (mediators), and duration and size of ulcer for participants
with a pre-existing category 2 PU.

TRIAL METHODS
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The following participant questionnaires were administered: health-care resource utilisation and, at the start
of the study, EQ-5D-5L, PU-QoL-UI, SF-12 and PU-QoL-P (or a proxy questionnaire pack when necessary).

The following personal data were collected (these were retained in the site file and not returned to the CTRU):
name, hospital number, ward location, address and telephone number, GP name and address, and name of
the hospital consultant responsible for the care of the patient.

The following randomisation information was collected: mattress allocation and date of mattress provision.

Treatment phase (maximum 60 days)
Mattress compliance and technical faults were recorded for each day (based on retrospective information
from staff and participants).

A clinical assessment was conducted twice weekly to day 30, then once weekly to day 60. The clinical
assessment involved skin assessment (including pain and photography of PUs of category ≥ 2 when
present), PU prevention interventions (mediators), expected AEs and SAEs, unexpected and related SAEs
and/or confirmation of the end of the treatment phase (patient discharged or 60 days of treatment or no
longer at risk).

Participant questionnaires
The frequency of completion of the full questionnaire pack was reported by the CRN/Ps as a burden for
many participants and the schedule was amended during the course of the trial. Initially, the health-care
resource utilisation questionnaire, EQ-5D-5L, PU-QoL-UI, SF-12 and PU-QoL-P (or proxy questionnaire
pack when necessary) were completed weekly to day 30, then fortnightly to day 60. Between April 2014
and October 2015, a revised schedule was implemented with a randomised allocation to a set of
questionnaires (EQ-5D-5L/PU-QoL-UI or the SF-12/PU-QoL-P) at weeks 1 (visit 2) and 3 (visit 6) only. From
November 2015 to November 2016, the PU-QoL-P questionnaire was omitted because sufficient data had
been collected for conducting the analysis, and the remaining questionnaires (EQ-5D-5L, PU-QoL-UI and
SF-12 or proxy questionnaire pack) were reinstated for all participants at weeks 1 and 3.

Thirty-day final follow-up
Following confirmation of the end the treatment phase (maximum 60 days), a final 30-day follow-up visit
was scheduled. This was undertaken at the patient’s place of residence (i.e. hospital if an inpatient or
home if discharged).

A clinical assessment that comprised skin assessment (including photography if required) was undertaken.

The following participant questionnaires were administered: health-care resource utilisation, EuroQol-5
Dimensions (EQ-5D-5L), PU-QoL-UI, SF-12 and PU-QoL-P (or proxy questionnaire pack when necessary).

Trial completion

Trial completion was defined as the end of the 30-day final follow-up (i.e. 30 days after the end-of-treatment
phase), withdrawal or death.

The treatment phase was defined as the time from randomisation to (whichever happened soonest):

l discharge from an eligible inpatient facility
l 60 days from randomisation
l no longer at a high risk.
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No longer at a high risk was defined as no PU of category ≥ 1 on any skin site AND no localised skin pain
on any pressure area skin site AND improved mobility and activity (Braden Scale31 activity score of 3 or 4
AND mobility score of 3 or 4).50

End points

Primary end point
The primary end point was time to developing a new PU of category ≥ 2 from randomisation, during the
(maximum) 60-day treatment phase to the 30-day final follow-up (a maximum of 90 days). The timing of
the primary end point was chosen to align with requirements for the health economics analysis. Given
that a PU can take between 4 and 22 weeks to completely heal depending on the category,2 and that
randomised patients are discharged with an unresolved PU, the 30-day post-treatment phase follow-up
assessment was included in the trial to retrieve information on treatment and utility regarding the potential
long-term effect of the intervention.

Whether or not a participant developed a new PU of category ≥ 2 was first derived on a skin site basis [see
Appendix 2; see also Methods on the project web page for the statistical analysis plan (SAP) (specifically,
table 2 in appendix C, and figure 2): www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/ (accessed
20 November 2018)]. These data were then used to derive whether or not each participant developed a
new PU of category ≥ 2 at any skin site and the time to development of the first new PU, competing event
or censoring time [see the project web page for the SAP, section 2.3.2 time to development and censor
variables: www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/ (accessed 20 November 2018)].

For participants who developed a new PU of category ≥ 2, the time to development was calculated as the
duration between the date of randomisation and the date that the first new PU of category ≥ 2 was
observed. Participants were categorised as a competing risk at the date they stopped the trial if they
withdrew from the trial due to clinical condition or loss of capacity, or because the assessment schedule
was too burdensome, or if they died; or else participants were censored at the date of their last evaluable
skin assessment. Further details of the derivation of the end point and a summary of the derivation of the
primary end point is provided in Appendix 2 [see also Methods on the project web page for the SAP
(specifically, table 2 in appendix C and figure 2): www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/
(accessed 20 November 2018)].

Secondary end points

l Time to developing a new PU of category ≥ 3.
The time to development of a PU of category ≥ 3 is derived in line with the derivation of the primary
end point but adjusted for the development of a more severe PU (i.e. category 3) rather than a
category 2.

l Time to developing a new PU of category ≥ 1.
The time to development of a new PU of category ≥ 1 is derived in line with the derivation of the
primary end point but adjusted for the development of a less severe PU (i.e. category 1) rather than a
category 2.

l Time to healing of all pre-existing category 2 PUs.
A category 2 PU was classified as healed if the same skin site was later recorded as healthy or altered
skin. Time to healing was derived as the number of days between the date of randomisation and
the date all pre-existing category 2 PUs were observed to heal. Participants were categorised as a
competing risk at the date they stopped the trial if they withdrew from the trial due to clinical
condition or loss of capacity or because the assessment schedule was too burdensome, or they died;
or else participants were censored at the date of their last evaluable skin assessment.
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Trial organisational structure

The trial sponsor was the University of Leeds and responsibilities were delegated to the CTRU, as detailed
in the trial contract.

Trial oversight and management was conducted by the Trial Management Group (TMG), the TSC and the
DMEC. All groups met regularly throughout the trial.

Centre-level case report form (CRF) returns, data quality, screening logs, recruitment, patient disposition,
protocol deviations and safety were monitored by the CTRU, TMG, TSC and DMEC. In addition, overall
mattress compliance was monitored by the TSC and DMEC (with no cause for concern to prompt
investigation at a centre level). Compliance with the photography and skin verification substudies and the
overall event rate were monitored by the DMEC.

Public involvement methods

The CTRU hosts a network of service users, PURSUN, with personal experience of PUs and/or PU risk.
The group consists of patients, carers and family members. PURSUN works to improve public involvement
in PU research and raise awareness of the topic. It has an established relationship with the study team and
has supported this study from conception. Public involvement activities have included the following:

l Study design. Meetings were held with PURSUN at both the grant application and the protocol
development stages. In particular, PURSUN made an important contribution to the development of
the eligibility criteria (at its request, patients with existing PUs of category ≥ 3 were excluded from
participation in the trial) and to the consent process for the photography substudy (as PUs commonly
develop on sensitive areas of the body, such as buttocks, PURSUN advised whether or not and how the
consent process should be conducted).

l Developing participant materials.
l Project oversight. A service user co-applicant (KW) was invited to all TMG meetings and two PURSUN

members joined the TSC. Update meetings were also held with the wider network throughout the study.
l Results interpretation. One results interpretation workshop has already been held with a small number of

PURSUN members. A larger one is planned for 2019. The aim of the workshops is to discuss what the
results mean for service users, and to plan a collaborative approach to dissemination and implementation.

Supporting public involvement
The Pressure Ulcer Research Service User Network is supported by a patient and public involvement (PPI)
officer, who acted as the main point of contact for all service users involved in the study. Additional
support and facilitation were provided by the chief investigator and trial co-ordinator. PURSUN has an
established induction process whereby new members meet with the PPI officer to discuss their specific
support and training needs. This same flexible approach was adopted during PRESSURE 2. Support was
tailored to the needs of the individuals involved and their role in the project.

All service users involved in the study were invited to attend CTRU’s ‘Introduction to Clinical Trials’ training,
a 1-day workshop open to academics, health professionals and public contributors. This training was not
mandatory, but was seen as an optional development opportunity. All PURSUN members were reimbursed
for their time and expenses in line with PURSUN policy and public involvement good practice guidelines.51

Public involvement evaluation
An iterative approach to evaluation was adopted to ensure that issues could be identified and dealt with
throughout the study. The service user co-applicant and TSC members were offered regular debrief meetings
with the PPI officer. These meetings had the dual purpose of providing support and aiding evaluation.
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Involvement activities and impact were documented via a public involvement log. The log is a shared
document that can be accessed by both the PPI officer and the service user co-applicant. The log contains
a series of prompt questions that encourage both documentation and reflection. The co-applicant was
encouraged to document any challenges and areas in which she felt that she (or other public contributors)
had made a positive impact on the study. She was also asked to think about the impact (positive or negative)
that being involved in the study had on her personally.

Statistical methods

Original sample size
A maximum of 588 events (i.e. participants developing a new PU of category ≥ 2), corresponding to 2954
participants, was required for the study to have 90% power for detecting an absolute difference of 5%
in the incidence of PU of category ≥ 2 between APM and HSFM, assuming an incidence rate of 18% on
APM52 and 23% on HSFM [corresponding to a hazard ratio (HR) of 0.759] and a two-sided significance
level of 5% and accounting for 6% loss to follow-up.52

An incidence rate of 18% for PUs of category ≥ 2 for APMs was estimated on the ITT population for
PRESSURE 1,33 the PURPOSE pain cohort study33,38 and the trial reported by Vanderwee et al.;30 hence, the
sample size estimate incorporates the effect of non-compliance. The sample size accounts for multiplicity in
the interim analyses using Lan–DeMets α and β spending functions.53

Pressure ulcer incidence rates could not be estimated accurately for the HSFM group; therefore, the
maximum sample size estimate was based on the detection of the smallest relevant difference of 5%
(clinical opinion). If the difference was > 5%, then the trial would have sufficient power to stop early having
demonstrated superiority (or inferiority) of the APM. If the difference was < 5%, then the trial was likely to
stop early for futility.

Original planned recruitment rate
It was planned to involve 10 large and 10 medium NHS trusts (comprising approximately 30 hospital sites).
It was estimated that 15,000 patients would need to be screened, of whom ≈40% (6000) would be eligible
and ≈50% (3000) of those eligible would consent. Accrual estimates were seven participants per month
in three large trusts for 33 months, six participants per month in seven large trusts for 30 months and
3.5 participants per month in 10 medium trusts for 30 months, enabling recruitment of 3003 participants.

Revised sample size and expected accrual
The trial recruited participants at a much slower rate than originally anticipated. A recovery plan and
unplanned value of information (VOI) analysis, based on the original trial assumptions, was requested by the
funder; this was submitted to the funder in October 2014 and reviewed by the DMEC, which recommended
trial continuation.

An unplanned interim analysis and second VOI analysis using confidential data from the trial (see Appendix 3)
were requested by the funder and conducted in November/December 2015. A primary end point analysis was
conducted on 909 participants. Owing to violation of the proportional hazards assumption, a piecewise Cox
model was fitted to the primary end point, splitting the data into two time intervals; a sensitivity analysis was
also conducted on the treatment phase (see Appendix 3). The analysis was conducted by the trial statistician,
supervising statistician and health economist, and the results of these unblinded analyses were reviewed by
the DMEC and remained confidential to these personnel. The hazard ratio (HR) for the treatment phase
sensitivity analysis was presented to the DMEC in line with the stopping boundaries calculated for the original
trial design. However, as this was an early unplanned analysis, a very low significance value was selected to
minimise the impact on the overall significance level of 0.05;54 therefore, no adjustment to the p-value or
width of the confidence intervals (CIs) was made at the final analysis. Following the interim analysis, the
DMEC asked the team to explore alternative approaches to the piecewise Cox model in order to maximise
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power in the final analysis. The revised analysis plan [see the project web page: www.journalslibrary.nihr.ac.uk/
programmes/hta/113633/#/ (accessed 20 November 2018)] detailed the planned approach to include scenarios
when the assumption of proportional hazards and/or independent censoring do not hold.

Following discussion between the DMEC and TSC in January 2016, the independent TSC members were
informed of the overall event rate, which was much lower, at 9.9%, than the event rate of 20.5% utilised to
estimate the sample size. The DMEC and TSC then asked the TMG, who were blinded to the overall event
rate, to consider the minimum clinically relevant differences on varying centred event rates including 15%,
10% and 5% to help inform the DMEC and TSC’s recommendations to the funder on the continuation of
the trial. A relative difference of 25% centred on an overall event rate of 15%, corresponding to an absolute
difference of 3.75%, was considered to be clinically meaningful and the preferred minimum clinically
relevant difference. For an overall event rate of 10%, a relative difference of 33.3%, corresponding to an
absolute difference of 3.3%, was considered to be clinically meaningful and the preferred minimum clinically
relevant difference. In the third scenario, a relative difference of 50.0% centred on an overall event rate of
5%, corresponding to an absolute difference of 2.5%, was considered to be clinically meaningful and the
preferred minimum clinically relevant difference. In all of these cases, a costed extension would have been
required to power the study based on these differences. The TMG also noted that relative differences of
33.3%, 40% and 60% centred on event rates of 15%, 10% and 5%, corresponding to absolute differences
of 5%, 4% and 3%, respectively, were considered important to detect. In addition, having sufficient
precision in the estimate of the treatment effect to conclude futility was also considered important by
the TMG.

Following discussion of the minimum clinically relevant differences with the TMG, DMEC and TSC
supported a 6-month recruitment extension (requiring no additional HTA funding) request, which was
submitted in June 2016, to continue recruitment until the end of November 2016, by which time
approximately 1996 participants were expected to be recruited, allowing a difference of 4% to be
detected with at least 80% power, assuming an overall event rate of 10%.

A request for additional funding to continue recruitment for 14 months beyond the original planned
recruitment end date to achieve a sample size of 2728 participants to detect the minimum clinically
relevant difference between mattresses of 3.3% with 80% power, together with a clinically meaningful
improvement in precision of a further 3% under the assumption of no difference, was also supported by
the TSC and DMEC.

The funder did not support additional funding to achieve the higher sample size, but did approve the
6-month extension request and accruals were maximised by continued recruitment until the end of the
extension period, which was 30 November 2016.

Statistical analysis

All analyses were performed using SAS® software version 9.4 (SAS Institute Inc., Cary, NC, USA).

A SAP was approved prior to the relevant analysis being conducted [see Methods on the project web
page: www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/ (accessed 20 November 2018)].

Reflecting the double-triangular sequential design, a maximum of three analyses were originally planned
with unequally spaced reviews at event-driven coherent cut-off points, as specified below.

Interim analysis 1 was to be conducted after 300 events, corresponding to the earliest time point for
stopping the trial by demonstrating overwhelming evidence of efficacy or futility. This would have also
corresponded to the minimum number of events required for conducting the economic evaluation.
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The futility boundaries were constructed as non-binding in order for the DMEC to over-rule a decision of
stopping early for futility in the event that a futility boundary is crossed.

Interim analysis 2 was to be conducted after 445 events, corresponding to the number of expected events
required for trial termination under futility (with 434 corresponding to the number of events required for
demonstrating superiority or inferiority of APM to HSFM).

The final analysis was to be conducted after 588 events had occurred.

In addition, in the event of an early stopping signal for futility, an assessment of the value of continuing
with the trial from the NHS decision-making perspective, via an expected value of sample information
(EVSI) analysis, was also planned, to inform the deliberations of the DMEC.

Following the unplanned interim analysis and the extension to recruitment, only the final analysis was
conducted.

Patient populations
All participants recruited to the trial were included in the analysis using ITT and analysed in accordance
with the randomised allocation and actual stratification factors.

A PPP analysis was also undertaken by allocated mattress; all major protocol violators and participants
who did not receive their randomised mattress within 2 days of randomisation or who spent < 60% of
their follow-up time on their randomised mattress were excluded (see Methods on the project web page
for further details of exclusions: www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/ (accessed
20 November 2018)].

The safety population included all participants who were recruited to the trial.

The population used to calculate the time to healing of category 2 PUs included all participants with at
least one pre-existing category 2 PU at the baseline assessment.

Missing data
Missing categorical data at baseline were included in the analysis models as a specific category. Any missing
dates in the end-point derivation were imputed based on visit dates before and after, and in accordance with
the visit schedule.

Final analysis

Primary end point
The primary end-point analysis was the time taken to develop a new PU of category ≥ 2 from randomisation
to 30-day final follow-up.

A Fine and Gray55 model was fitted to the primary end point, with adjustment for the following minimisation
factors: health-care setting, PU status, consent and covariates (i.e. presence of pain on a healthy, altered or
category 1 PU skin site and the presence of conditions affecting peripheral circulation). A likelihood ratio
test was used to assess the effect of adding mattress group to this model. The HR was calculated for the
mattress group effect, and is presented with the corresponding CIs and p-value in Chapter 3. The cumulative
incidence of developing a PU of category ≥ 2 by 30-day final follow-up in each group is also presented.

The median time to event is presented for those participants developing a PU of category ≥ 2 by mattress
group and overall.

TRIAL METHODS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

20

http://www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/


The Fine and Gray55 model was used rather than the Cox proportional hazards model in order to account
for competing risks. That is, participants who do not develop a PU of category ≥ 2 during the treatment
phase or by 30-day final follow-up were categorised as a competing risk at the date they stopped the trial if
they withdrew from the trial due to poorly clinical condition or loss of capacity, or because the assessment
schedule was too burdensome. Death was also considered a competing risk at the date of death. Other
participants who did not develop a PU of category ≥ 2 during the treatment phase or by 30-day final
follow-up were censored at the date of their last evaluable skin assessment. Centre was intended to be
fitted as a random effect; however, this was not possible with the Fine and Gray55 model in SAS version 9.4.

Sensitivity analysis
A sensitivity analysis was conducted for the time taken to develop a PU of category ≥ 2 during the
treatment phase.

This sensitivity analysis for the end point of time to developing a PU of category ≥ 2 during the treatment
phase was specified in version 1.0 of the SAP finalised prior to the unplanned interim analysis being
conducted. The end point of time to developing a PU of category ≥ 2 during the treatment phase was
analysed using the Fine and Gray55 model, in line with the primary analysis.

Moderator analysis
Potential predictors of response (time to developing a PU of category ≥ 2) were explored using baseline
measurements: pre-existing PUs, category A skin status, diabetes, age, mobility, sensory perception,
macro- and microcirculatory function, nutritional status, skin moisture, presence of pain at pressure area skin
site and consent type by assessing potential predictor by mattress group interactions in the primary model.

Mediator analysis
An analysis using the Baron and Kenny56 method was planned, with the goal of identifying potential
mediators such as time on the allocated mattress, patient repositioning, cushions, heel protectors and
protective dressings. However, applications of the Baron and Kenny56 method to time-to-event analyses
have been strongly criticised and are known to give biased results.57 Alternative methods have been
developed58,59 but do not apply directly to analyses with competing risks. These methods would have
required us to assume that competing risks could be treated as uninformative censoring. This assumption
was not considered reasonable, and therefore no mediator analyses were performed. However, a
descriptive summary of the potential mediator, repositioning, is presented over time by mattress group.
Further investigative work is planned for the other mediators, including investigating the quality of the
data and how practice changes over time.

Secondary end point analysis
The secondary end points of time to developing a PU of category ≥ 1 and time to developing a PU of
category ≥ 3 to 30-day final follow-up were analysed using the Fine and Gray55 model in line with the
primary analysis. To note, for the analysis of time to developing a PU of category ≥ 1, the covariate for the
presence of pain excluded pre-existing category 1 PUs and was an indicator variable to denote whether or
not there was pain at healthy or altered skin sites only.

For time to healing of a pre-existing PU of category 2, a Fine and Gray55 model was fitted to the outcome
time to healing of all pre-existing category 2 PUs to 30-day final follow-up. The following covariates were
considered for inclusion in the model: health-care setting, consent type, the presence of a condition
affecting peripheral circulation and mattress group.

For all models, the adequacy of the proportional hazards assumption was explored through examination
of the Schoenfeld residuals and ln (cumulative hazard) over time, and via a formal test for interaction of
mattress and ln (time).60
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Mattress compliance
Descriptive statistics on the time to receiving allocated mattress, reasons for not receiving mattress on the
day of randomisation, reason for first mattress change from randomised mattress, and time spent on
the randomised mattress during the treatment phase are presented by mattress group. In addition, the
mattress in use at the time of screening for patients who were ineligible because either the patient or the
staff were unwilling to change the mattress is presented in Appendix 4, Table 69.

Safety
Expected AEs and SAEs and related unexpected serious adverse events (RU SAEs) are summarised by
allocated mattress and mattress at the time of the AE/SAE.

Summary of main changes to the protocol

Throughout the trial, five substantial amendments to the protocol were submitted and approved by the
REC. The important changes from a patient perspective were the collection of the QoL information and
questionnaires as described in Data collection schedule. Prior to starting recruitment (August 2013),
modifications to the eligibility criteria, collection of the NHS number and collection of PU-QoL-UI at
baseline were added. Two additional objectives were added in an amendment approved in September
2013, to improve the analysis. These were to compare the:

l incidence of mattress change between patients using APM and those using HSFM
l safety between patients using APM and those using HSFM.

When and who performs the photography substudy data collection were also clarified. In February 2014,
the amendment provided details of the EQ-5D-5L, PU-QoL-UI, SF-12, health resource use survey (1-week
recall) and PU-QoL-P questionnaires and specified when they would be administered. In April 2014, an
urgent safety measure led to the changes in questionnaire administration, Scottish centres were added,
which required additional documents to comply with legislation for consenting participants who lacked
capacity. The last substantial amendment, implemented in November 2015, made further changes to the
frequency of questionnaire administration and incorporated other health-care professionals as well as
nurses to collect data.
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Chapter 3 Clinical results

This chapter presents the findings of the analysis for the clinical outcomes.

Participant flow

In total, 15,277 patients were assessed for study eligibility and 2030 randomisations took place between
August 2013 and 30 November 2016. There were 41 NHS trusts/health boards comprising 47 centres that
opened (i.e. met all local regulatory requirements), of which 39 NHS trusts/health boards and 42 centres
recruited participants. Of the recruiting trusts/health boards, the numbers of participants randomised by
each trust ranged from 1 to 471, with a median of 24 (Figure 1). The mean recruitment per trust was
1.6 participants per month. The recruiting centres/trusts comprised 25 teaching hospitals (21 acute NHS trusts
and two health boards), 13 general hospitals (11 acute) and nine community hospitals (in nine community
care NHS trusts). Others were combined acute and community trusts.

A Consolidated Standards of Reporting Trials (CONSORT) flow diagram of trial progress is presented in
Figure 2. Of the 15,277 patients screened, 877 (5.7%) were not assessed for eligibility; the main reasons
for this included ethically inappropriate to approach (n = 482, 55.0%), discharged (n = 157, 17.9%) or
missed by the research team (n = 68, 7.8%). Of the 14,400 patients assessed for eligibility, 9323 (64.7%)
were ineligible, with the main reasons including not at a high risk of PU development (n = 2180, 23.4%),
length of stay expected to be < 5 days (n = 1640, 17.6%), patient (n = 938, 10.1%) or staff (n = 1116,
12.0%) unwilling to change mattress and patient too unwell to change mattress (n = 709, 7.6%). Of the
5077 eligible patients, 2068 (40.7%) consented and 2030 (40.0%) were randomised.

The screened population and randomised populations were similar in respect of age, gender and ethnicity
(see Appendix 4) with the exception of mattress type at screening. In terms of mattress type, in the screened
population, 50% (n = 7640) had been allocated an APM or another high-technology device and 48.8%
(n = 7462) had been allocated a HSFM or other low-technology mattress by ward staff, whereas in the
randomised population a lower proportion of patients (n = 868, 42.2%) were allocated to APM or another
high-technology device than to HSFM or another low-technology device by ward staff (n = 1149, 56.6%)
(see Appendix 4, Table 68).

In addition, of the 1116 patients for whom staff were unwilling to change mattress, 78.9% (n = 881)
were on APMs or other high-technology mattresses and 20.8% (n = 232) were on HSFM or other
low-technology mattresses (see Figure 2). This contrasts with the 938 patients who were unwilling to
change mattress, of whom 52.0% (n = 488) were on APMs or other high-technology mattress and
47.7% (n = 447) were on HSFM or other low-technology mattress (see Figure 2).

Of those patients randomised, 1017 (50.1%) were allocated to APM and 1013 (49.9%) to HSFM,
with 81.5% of participants in each group receiving the allocated mattress within 48 hours. A total of
119 participants were withdrawn [62 (6.1%) of those were allocated to APM and 57 (5.6%) to HSFM] and
166 patients died between randomisation and withdrawal or the 30-day final follow-up period [82 (8.1%)
of those were allocated to APM and 84 (8.3%) were allocated to HSFM]. One patient was inadvertently
randomised twice and was withdrawn from trial participation as soon as this was identified. Data arising
from the second randomisation were excluded from the analysis population; therefore, the analysis
population comprises a total of 2029 participants (see Figure 2).
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Not eligible for study
[n = 9323 (64.7%)]

• Intervention not required
   • Not at high risk of PU development, n = 2180 (23.4%)
• Patient factors, n (%)
   • No evidence of acute illness, n = 142 (1.5%)
   • Current or previous category 3 or higher PU, n = 881 (9.4%)
   • Unable to receive intervention as not able to go to bed, n = 44 (0.5%)
   • Unable to receive intervention as too unwell, n = 709 (7.6%)
   • Unable to receive intervention as patient unwilling to change
      mattress, n = 938 (10.1%)
   • Weight  < 45 kg, n = 424 (4.5%)
   • Weight  > 180 kg, n = 38 (0.4%)
• Protocol factors
   • Aged  < 18 years, n = 20 (0.2%)
   • Not expected to have a total length of stay of  ≥ 5 days, n = 1640 (17.6%)
   • Not expected to comply with follow-up schedule, n = 691 (7.4%)
   • Not on electric profiling bed frame, n = 200 (2.1%)
   • Has previously participated in the trial, n = 66 (0.7%)
   • Planned admission to ICU, n = 24 (0.3%)
• Logistical factors
   • Unable to receive intervention as trial mattress unavailable, n = 4 (0.0%)
   • Unable to receive intervention as staff unwilling to change
      mattress, n = 1116 (12.0%)
• Miscellaneous
   • Other reason, n = 72 (0.8%)
   • Missing, n = 134 (1.4%)

Screened
(n = 15,277)

Assessed for eligibility
[n = 14,400 (94.3%)]

Eligible for study
[n = 5077 (35.3%)]

Eligible and consented
[n = 2068 (40.7%)]

Randomised
[n = 2030 (98.2%)]

Not assessed for eligibility
[n = 877 (5.7%)]

• Missed by TVTM, n = 68 (7.8%)
• Patient died, n = 25 (2.9%)
• Patient discharged, n = 157 (17.9%)
• Ethically inappropriate, n = 482 (55.0%)
• Patient not interested, n = 14 (1.6%)
• Research team unable to visit as a result of ward
   closure, n = 20 (2.3%)
• Language barrier, n = 15 (1.7%)
• Other, n = 18 (2.1%)
• Missing, n = 78 (8.9%)

Not consented
[n = 3009 (59.3%)]

• Patient refused without any reason, n = 842 (28.0%)
• Patient does not want to be involved in research,
   n = 850 (28.2%)
• Patient feels poorly or unwell, n = 429 (14.3%)
• Patient finds follow-up schedule inconvenient,
   n = 78 (2.6%)
• Unable to locate personal consultee, n = 285 (9.5%)
• Unable to locate professional consultee, n = 60 (2.0%)
• Personal consultee refused, n = 184 (6.1%)
• Professional consultee refused, n = 16 (0.5%)
• Family member advised against trial participation,
   n = 8 (0.3%)
• Patient participating in another research study,
   n = 15 (0.5%)
• Other, n = 135 (4.5%)
• Missing, n = 107 (3.6%)

Not randomised
[n =  38 (1.8%)]

• No longer eligible for the study, n = 14 (36.8%)
• Clinical condition, n = 1 (2.6%)
• Ethically inappropriate, n = 3 (7.9%)
• Patient changed mind, n = 2 (5.3%)
• Other, n = 3 (7.9%)
• Unknown, n = 15 (39.5%)

Current
mattress type

Staff are unwilling
to change mattress

(N = 1116), n (%)

Patient is unwilling
to change mattress

(N = 938), n (%)

Total
(N = 2054), n (%)

Low technology

High technology

Other

Missing

Total

232 (20.8)

881 (78.9)

1 (0.1)

2 (0.2)

1116 (100.0)

447 (47.7)

488 (52.0)

2 (0.2)

1 (0.1)

938 (100.0)

679 (33.1)

1369 (66.7)

3 (0.1)

3 (0.1)

2054 (100.0)

Allocated to APM, n = 1017 (50.1%)
• Received mattress within 2 days of randomisation,
   n = 828 (81.5%)
• Did not receive allocated mattress, n = 94 (9.3%)

Analysed, n  = 1016
Excluded from analysis, n = 1
• Previously participated in the trial

Allocation
Allocated to HSFM, n = 1013 (49.9%)
• Received mattress within 2 days of randomisation,
   n = 826 (81.5%)
• Did not receive allocated mattress, n = 110 (10.9%)

Analysed, n = 1013
Excluded from analysis, n = 0

Analysis

Patient disposition
Died, n = 82 (8.1%) 
Withdrew from the study, n = 62 (6.1%) 
• Clinician led, n = 36 (58.1%) 
   • Ethically inaapropriate, n = 17 (47.2%) 
   • Patient condition, n = 4 (11.1%) 
   • Loss of capacity, n = 14 (38.9%) 
   • Other, n = 1 (2.8%) 
• Patient or consultee led, n = 26 (41.9%) 
   • Assessment burden, n = 6 (23.1%) 
   • Patient condition, n = 2 (7.7%)
   • Mattress related, n= 4 (15.4%) 
   • Relatives concerns, n = 2 (7.7%) 
   • No reason given, n = 12 (46.2%) 

Died, n = 84 (8.3%) 
Withdrew from the study, n = 57 (5.6%) 
• Clinician led, n = 27 (47.4%) 
   • Ethically inappropriate, n = 11 (40.7%) 
   • Patient condition, n = 2 (11.1%) 
   • Loss of capacity, n = 8 (29.6%) 
   • Assessment burden, n = 1 (3.7%) 
   • In error, n = 3 (11.1%) 
   • Other, n = 1 (3.7%) 
• Patient or consultee led, n = 30 (52.6%)
   • Assessment burden, n = 7 (23.3%) 
   • Patient condition, n = 7 (23.3%) 
   • Mattress related, n = 2 (6.7%) 
   • Relatives concerns, n = 2 (6.7%) 
   • Ethically inappropriate, n = 1 (3.3%) 
   • No reason given, n = 9 (30.0%) 
   • Other, n = 2 (6.7%)

FIGURE 2 The CONSORT flow diagram. ICU, intensive care unit; TVTM, tissue viability team member. Adapted from
Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/.

DOI: 10.3310/hta23520 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 52

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Nixon et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

25

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Baseline characteristics

Patient characteristics were balanced across the mattress groups and are detailed in Tables 2–6. In summary,
the study population comprised largely elderly patients (median age 81 years, range 21–105 years); 55.2%
(n = 1119) were female and 98.2% (n = 1992) were of white ethnicity. Participants were inpatients for a
median of 7 days (range 0–388 days) prior to randomisation.

Participants were inpatients on medical (64.6%, n = 1310), orthopaedics and trauma (22.3%, n = 453),
surgical (7.6%, n = 155) and other wards (5.2%, n = 106), including oncology, critical care, neurosciences,
renal, gastroenterology and spinal injuries unit (Table 2). Participants were inpatients in secondary care
hospitals (69.7%, n = 1414), community hospitals (18.7%, n = 379) and intermediate care/rehabilitation
facilities (11.5%, n = 234).

TABLE 2 Baseline demographics

Attribute

Trial arm

Overall (N= 2029)APM (N= 1016) HSFM (N= 1013)

Gender, n (%)

Male 462 (45.5) 445 (43.9) 907 (44.7)

Female 553 (54.4) 566 (55.9) 1119 (55.2)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Age (years)

Mean (SD) 77.8 (13.42) 78.2 (12.87) 78.0 (13.1)

Median (range) 81 (21.1–105) 81 (21.9–101) 81 (21–105)

IQR (71.3–87.0) (71.9–87.2) (71.6–87.1)

Missing 0 0 0

Ethnicity, n (%)

White 1000 (98.4) 992 (97.9) 1992 (98.2)

Mixed race 3 (0.3) 3 (0.3) 6 (0.3)

Non-white 12 (1.2) 16 (1.6) 28 (1.4)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Medical specialty, n (%)

Medical 641 (63.1) 669 (66.1) 1310 (64.6)

Surgical 83 (8.2) 72 (7.1) 155 (7.6)

Orthopaedics and trauma 233 (22.9) 220 (21.7) 453 (22.3)

Oncology 21 (2.1) 16 (1.6) 37 (1.8)

Critical care 10 (1.0) 6 (0.6) 16 (0.8)

Neurosciences 17 (1.7) 15 (1.5) 32 (1.6)

Spinal injury 8 (0.8) 9 (0.9) 17 (0.9)

Other 2 (0.2) 2 (0.2) 4 (0.2)

Missing 1 (0.0) 4 (0.3) 5 (0.2)

Consent type, n (%)

Written 706 (69.5) 696 (68.7) 1402 (69.1)

Witnessed verbal 151 (14.9) 152 (15.0) 303 (14.9)

Consultee agreement 159 (15.6) 163 (16.1) 322 (15.9)

Missinga 0 (0.0) 2 (0.2) 2 (0.1)
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In relation to morbidity and risk of PU development, 15.9% (n = 322) of patients lacked capacity, 44.8%
(n = 909) had a history of falls in the preceding month (Table 3), a majority of 96.6% (n = 1961) had
limitations to independent movement, and 98.7% (n = 2003) and 92.6% (n = 1879) of patients were
classified as ‘at risk’ of PU development on the Pressure Ulcer Risk Primary Or Secondary Evaluation Tool
(PURPOSE-T) and Braden Scale,31 respectively (see Table 3).

There were high levels of skin morbidity at baseline, which included 53.4% (n = 1084) of patients reporting
pressure-related pain on one or more healthy, altered or category 1 PU skin sites (Tables 4 and 5).

TABLE 2 Baseline demographics (continued )

Attribute

Trial arm

Overall (N= 2029)APM (N= 1016) HSFM (N= 1013)

Health-care setting, n (%)

Secondary care hospital 710 (69.9) 704 (69.5) 1414 (69.7)

Community hospital 191 (18.8) 188 (18.6) 379 (18.7)

NHS intermediate care/rehabilitation facility 115 (11.3) 119 (11.7) 234 (11.5)

Missingb 0 (0.0) 2 (0.2) 2 (0.1)

Days between admission to randomising

Mean (SD) 12.7 (20.27) 13.3 (21.23) 13.0 (20.8)

Median (range) 6 (0.0–306) 7 (0.0–388) 7 (0–388)

IQR (3.0–15.0) (3.0–17.0) (3.0–16.0)

Number of participants with missing data 1 2 3

IQR, interquartile range.
a These were entered on the 24-hour system and, therefore, included in the analyses as written consent.
b These were entered on the 24-hour system and, therefore, included in the analyses as secondary care hospital.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 3 Baseline risk factors

Risk factor

Trial arm, n (%)
Overall (N= 2029),
n (%)APM (N= 1016) HSFM (N= 1013)

BMI (kg/m2)

Underweight (< 18.5) 52 (5.1) 49 (4.8) 101 (5.0)

Normal weight (18.5 to < 25) 455 (44.8) 392 (38.7) 847 (41.7)

Overweight (25 to < 30) 266 (26.2) 336 (33.2) 602 (29.7)

Obese (≥ 30) 235 (23.1) 217 (21.4) 452 (22.3)

Missing 8 (0.8) 19 (1.9) 27 (1.3)

History of falls in the preceding month

Yes 458 (45.1) 451 (44.5) 909 (44.8)

No/not aware of any falls 554 (54.5) 559 (55.2) 1113 (54.9)

Missing 4 (0.4) 3 (0.3) 7 (0.3)
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TABLE 3 Baseline risk factors (continued )

Risk factor

Trial arm, n (%)
Overall (N= 2029),
n (%)APM (N= 1016) HSFM (N= 1013)

PURPOSE-T subscales

Analysis of independent movement

Moves frequently/major position changes 28 (2.8) 32 (3.2) 60 (3.0)

Moves frequently/slight position changes 141 (13.9) 139 (13.7) 280 (13.8)

Moves occasionally/major position
changes

110 (10.8) 110 (10.9) 220 (10.8)

Moves occasionally/slight position
changes

624 (61.4) 621 (61.3) 1245 (61.4)

Does not move 109 (10.7) 107 (10.6) 216 (10.6)

Missing 4 (0.4) 4 (0.4) 8 (0.4)

Sensory perception and response

No problem 744 (73.2) 739 (73.0) 1483 (73.1)

Unable to feel and/or respond
appropriately to discomfort from pressure

270 (26.6) 271 (26.8) 541 (26.7)

Missing 2 (0.2) 3 (0.3) 5 (0.2)

Moisture due to perspiration, urine, faeces or exudate

No problem/occasional 693 (68.2) 686 (67.7) 1379 (68.0)

Frequent (2–4 times a day) 289 (28.4) 299 (29.5) 588 (29.0)

Constant 31 (3.1) 26 (2.6) 57 (2.8)

Missing 3 (0.3) 2 (0.2) 5 (0.2)

Perfusion

No problem 554 (54.5) 555 (54.8) 1109 (54.7)

Conditions affecting peripheral circulation 166 (16.3) 169 (16.7) 335 (16.5)

Conditions affecting central circulation 234 (23.0) 224 (22.1) 458 (22.6)

Conditions affecting central and
peripheral circulation

60 (5.9) 59 (5.8) 119 (5.9)

Missing 2 (0.2) 6 (0.6) 8 (0.4)

Nutrition

No problem 544 (53.5) 553 (54.6) 1097 (54.1)

Problem 471 (46.4) 456 (45.0) 927 (45.7)

Missing 1 (0.1) 4 (0.4) 5 (0.2)

Previous PU history

No known PU history 914 (90.0) 920 (90.8) 1834 (90.4)

PU history 101 (9.9) 90 (8.9) 191 (9.4)

Missing 1 (0.1) 3 (0.3) 4 (0.2)

Risk status recorded on PURPOSE-T

Not at risk 12 (1.2) 11 (1.1) 23 (1.1)

No PU but at risk 820 (80.7) 816 (80.6) 1636 (80.6)

PU of category ≥ 1, or scarring from
previous PU

183 (18.0) 184 (18.2) 367 (18.1)

Missing 1 (0.1) 2 (0.2) 3 (0.1)
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TABLE 3 Baseline risk factors (continued )

Risk factor

Trial arm, n (%)
Overall (N= 2029),
n (%)APM (N= 1016) HSFM (N= 1013)

Braden subscales

Sensory perception

No impairment 657 (64.7) 678 (66.9) 1335 (65.8)

Slightly limited 276 (27.2) 259 (25.6) 535 (26.4)

Very limited 67 (6.6) 60 (5.9) 127 (6.3)

Completely limited 15 (1.5) 14 (1.4) 29 (1.4)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Moisture

Rarely moist 451 (44.4) 414 (40.9) 865 (42.6)

Occasionally moist 360 (35.4) 419 (41.4) 779 (38.4)

Very moist 177 (17.4) 153 (15.1) 330 (16.3)

Constantly moist 27 (2.7) 25 (2.5) 52 (2.6)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Activity

Walks frequently 13 (1.3) 9 (0.9) 22 (1.1)

Walks occasionally 108 (10.6) 113 (11.2) 221 (10.9)

Chairfast 677 (66.6) 667 (65.8) 1344 (66.2)

Bedfast 217 (21.4) 222 (21.9) 439 (21.6)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Mobility

No limitation 22 (2.2) 20 (2.0) 42 (2.1)

Slightly limited 125 (12.3) 115 (11.4) 240 (11.8)

Very limited 790 (77.8) 797 (78.7) 1587 (78.2)

Completely immobile 78 (7.7) 79 (7.8) 157 (7.7)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Nutrition

Excellent 173 (17.0) 158 (15.6) 331 (16.3)

Adequate 528 (52.0) 539 (53.2) 1067 (52.6)

Probably inadequate 279 (27.5) 285 (28.1) 564 (27.8)

Very poor 35 (3.4) 29 (2.9) 64 (3.2)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Friction and shear

No apparent problem 89 (8.8) 84 (8.3) 173 (8.5)

Potential problem 752 (74.0) 770 (76.0) 1522 (75.0)

Problem 174 (17.1) 157 (15.5) 331 (16.3)

Missing 1 (0.1) 2 (0.2) 3 (0.1)
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TABLE 4 Skin status at baseline

Question

Trial arm, n (%)
Overall (N= 2029),
n (%)APM (N= 1016) HSFM (N= 1013)

Worst category of skin reported at baseline (patient level)

0 147 (14.5) 152 (15.0) 299 (14.7)

A 673 (66.2) 674 (66.5) 1347 (66.4)

1 125 (12.3) 110 (10.9) 235 (11.6)

2 70 (6.9) 75 (7.4) 145 (7.1)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Pressure-related pain on any skin site

Yes 577 (56.8) 584 (57.7) 1161 (57.2)

No 393 (38.7) 388 (38.3) 781 (38.5)

Unable to assess 15 (1.5) 15 (1.5) 30 (1.5)

Combination of ‘missing’ and ‘no’ 6 (0.6) 6 (0.6) 12 (0.6)

Combination of ‘no’ and ‘unable to assess’ 15 (1.5) 13 (1.3) 28 (1.4)

Missing 10 (1.0) 7 (0.7) 17 (0.8)

Pressure-related pain on a healthy, altered or category 1 skin site

Yes 541 (53.2) 543 (53.6) 1084 (53.4)

No 440 (43.3) 439 (43.3) 879 (43.3)

Unable to assess 15 (1.5) 15 (1.5) 30 (1.5)

Combination of ‘missing’ and ‘no’a 2 (0.2) 1 (0.1) 3 (0.1)

Combination of ‘no’ and ‘unable to assess’a 5 (0.5) 3 (0.3) 8 (0.4)

Missing 9 (0.9) 5 (0.5) 14 (0.7)

No skin sites reported as healthy, altered
or category 1b

4 (0.4) 7 (0.7) 11 (0.5)

a Classified as ‘no’ in the analyses.
b Classified as ‘missing’ in analyses.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 3 Baseline risk factors (continued )

Risk factor

Trial arm, n (%)
Overall (N= 2029),
n (%)APM (N= 1016) HSFM (N= 1013)

Overall Braden PU risk

Not at risk (i.e. a score of > 18) 78 (7.7) 69 (6.8) 147 (7.2)

At risk (i.e. a score of ≤ 18) 937 (92.2) 942 (93.0) 1879 (92.6)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

BMI, body mass index.
Parts of this table have been adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in
accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix,
adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.
org/licenses/by/4.0/.
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TABLE 5 Baseline skin sites and classifications

Skin sites and classifications

Trial arm

OverallAPM HSFM

Skin classification all skin areas,a n (%)

Normal 9443 (66.4) 9438 (66.5) 18,881 (66.4)

Category A 3764 (26.5) 3805 (26.8) 7569 (26.6)

Category 1 212 (1.5) 197 (1.4) 409 (1.4)

Category 2 91 (0.6) 86 (0.6) 177 (0.6)

Suspected deep tissue injury 0 (0.0) 1 (0.0) 1 (0.0)

Not applicable 596 (4.2) 520 (3.7) 1116 (3.9)

Missing 124 (0.9) 144 (1.0) 268 (0.9)

Totals 14,230 (100) 14,191 (100) 28,421 (100)

Skin sites with pre-existing category 2 PU, n (%)

Spine/back 3 (3.3) 1 (1.2) 4 (2.3)

Sacrum 23 (25.3) 23 (26.7) 46 (26.0)

Buttock – L 17 (18.7) 18 (20.9) 35 (19.8)

Buttock – R 16 (17.6) 17 (19.8) 33 (18.6)

Ischial – L 3 (3.3) 0 (0.0) 3 (1.7)

Ischial – R 4 (4.4) 0 (0.0) 4 (2.2)

Trochanter – L 1 (1.1) 0 (0.0) 1 (0.6)

Trochanter – R 0 (0.0) 0 (0.0) 0 (0.0)

Heel – L 6 (6.6) 7 (8.1) 13 (7.3)

Heel – R 10 (11.0) 6 (7.0) 16 (9.0)

Ankle – L 1 (1.1) 0 (0.0) 1 (0.6)

Ankle – R 1 (1.1) 2 (2.3) 3 (1.7)

Elbow – L 2 (2.2) 5 (5.8) 7 (4.0)

Elbow – R 2 (2.2) 3 (3.5) 5 (2.8)

Other 2 (2.2) 4 (4.7) 6 (3.4)

Total 91 (100.0) 86 (100.0) 177 (100.0)

Duration of most severe pre-existing PU (days)

Mean (SD) 29.6 (42.4) 67.6 (179.73) 48.3 (129.61)

Median (range) 14 (1–182.6) 7.5 (1.0–730.5) 10 (1–730.5)

< 7 days, n (%) 10 (14.3) 13 (17.3) 23 (15.9)

8–28 days, n (%) 7 (9.9) 7 (9.3) 14 (9.7)

> 28 days, n (%) 10 (14.3) 6 (8.0) 16 (11.0)

Missing, n (%) 43 (61.4) 49 (65.3) 92 (63.4)

Total number (%) of patients with a PU 70 (100.0) 75 (00.0) 145 (100.0)
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The ‘worst’ skin classifications recorded were PUs of category 2 in 7.1% (n = 145) of patients, PUs of
category 1 in 11.6% (n = 235) of patients and alterations to intact skin in 66.4% (n = 1347) of patients.
On a skin site level, of a total number of 28,421 skin sites, there were 177 (0.6%) PUs of category 2, 409
(1.4%) PUs of category 1, 7569 (26.6%) alterations to intact skin, 510 (1.8%) other conditions/wounds
(see Box 1), 486 (1.7%) unable to assess (i.e. bandage/cast in situ), 104 (0.4%) amputations and 268
(0.9%) missing.

Pre-randomisation standard pressure ulcer prevention care

Prior to randomisation, preventative care interventions, including mattress, repositioning frequency, sitting,
seating and use of adjuvant devices as provided by the attending ward staff, were balanced across the
mattress groups and are detailed in Table 6.

TABLE 5 Baseline skin sites and classifications (continued )

Skin sites and classifications

Trial arm

OverallAPM HSFM

Area of most severe pre-existing PU (mm2)

Mean (SD) 462.3 (1357.4) 245.4 (392.4) 352.0 (989.2)

Median (range) 68.6 (3.7–5369.8) 123.7 (3.1–1652.5) 76.3 (3.1–5369.8)

Number of patients with non-missing data 29 30 59

Number of patients with missing data 41 45 86

L, left; R, right; SD, standard deviation.
a There were 28,421 skin sites in total: 14 main skin sites from 2029 patients plus 15 ‘other’ skin sites.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 6 Baseline PU prevention interventions

Interventions

Trial arm, n (%)
Overall
(N= 2029), n (%)APM (N= 1016) HSFM (N= 1013)

Current mattress type

HSFM or other low technology 575 (56.6) 574 (56.7) 1149 (56.6)

APM or other high technology 435 (42.8) 433 (42.7) 868 (42.8)

Missing 6 (0.6) 6 (0.6) 12 (0.6)

Frequency of repositioning in previous 24 hours

More frequently than every 2 hours 148 (14.6) 146 (14.4) 294 (14.5)

Every 2–3 hours 473 (46.6) 494 (48.8) 967 (47.7)

Every 4–5 hours 333 (32.8) 307 (30.3) 640 (31.5)

Every 6–7 hours 36 (3.5) 48 (4.7) 84 (4.1)

Less frequently than every 8 hours 20 (2.0) 12 (1.2) 32 (1.6)

Missing 6 (0.6) 6 (0.6) 12 (0.6)

CLINICAL RESULTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

32

http://creativecommons.org/licenses/by/4.0/


Prior to randomisation, 868 (42.8%) participants had been allocated an APM or other high-technology
mattress and 1149 (56.6%) had been allocated a HSFM or other low-technology mattress by ward staff.
Overall, 89.8% (n = 1823) of patients required complete or partial assistance to reposition themselves;
the frequency was observed to be every 2 hours and every 2–3 hours in 14.5% (n = 294) and 47.7%
(n = 967) of patients, respectively, with a small number of patients (n = 116, 5.7%) repositioned less
frequently than every 6 hours. Fewer than one-sixth of patients (14.0%, n = 284) patients received adjuvant
devices or dressings, of whom 56.7% (n = 161) were provided devices for heel off-loading. One-quarter
of the patients were confined to bed (26.7%, n = 541), and, of those who did sit out (73.1%, n = 1483),
only 65.5% (n = 971) had a specialist cushion.

TABLE 6 Baseline PU prevention interventions (continued )

Interventions

Trial arm, n (%)
Overall
(N= 2029), n (%)APM (N= 1016) HSFM (N= 1013)

Time spent sat out of bed in previous 24 hours

N/A (i.e. bedfast) 270 (26.6) 271 (26.8) 541 (26.7)

< 2 hours 91 (8.9) 90 (8.9) 181 (8.9)

2–3 hours 134 (13.2) 134 (13.2) 268 (13.2)

4–5 hours 178 (17.5) 183 (18.1) 361 (17.8)

6–7 hours 125 (12.3) 128 (12.6) 253 (12.5)

> 8 hours 207 (20.4) 191 (18.9) 398 (19.6)

Missing 11 (1.1) 16 (1.6) 27 (1.3)

Type of cushion

Standard chair only 203 (27.3) 206 (27.9) 409 (27.6)

High-technology specialist cushion 56 (7.5) 52 (7.0) 108 (7.3)

Low-technology specialist cushion/chair with integral
pressure relief

434 (58.3) 429 (58) 863 (58.2)

Pillow 45 (6.1) 47 (6.4) 92 (6.2)

Missing 6 (0.8) 5 (0.7) 11 (0.7)

Total (number of patients who sat out) 744 (100) 739 (100) 1483 (100)

Participant on electronic profiling bedframe

Yes 1012 (99.6) 1008 (99.5) 2020 (99.6)

No 3 (0.3) 3 (0.3) 6 (0.3)

Missing 1 (0.1) 2 (0.2) 3 (0.1)

Adjuvant devices and dressing

Yes 143 (14.1) 141 (13.9) 284 (14.0)

No 867 (85.3) 865 (85.4) 1732 (85.4)

Missing 6 (0.6) 7 (0.7) 13 (0.6)

N/A, not applicable.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Outcomes: intention-to-treat population

Primary end point: time to development of new category ≥ 2 pressure ulcers to the
30-day final follow-up
A total of 160 (7.9%) patients developed at least one new PU of category ≥ 2 between randomisation
and 30-day final follow-up, death or withdrawal (Table 7). An absolute difference between mattress
groups of 2.0% was observed, corresponding to incidence rates of 6.9% (n = 70) in the APM arm and
8.9% (n = 90) in the HSFM arm. Of those patients who developed a PU of category ≥ 2, the median time
to development was 18 days (range 2–86 days) in the APM group and 12 days (range 2–94 days) in the
HSFM group. There was no evidence of a difference between mattress groups in terms of the primary end
point in the unadjusted Gray’s test (p = 0.1148, Figure 3a) or the adjusted analysis (Fine and Gray model

TABLE 7 Number (%) of patients developing a new PU of category ≥ 2 by the 30-day final follow-up, by covariate

Attribute

New PU of category ≥ 2

Not eligiblea TotalYes

No

No new PU of
category ≥ 2 Died Withdrawn

PU status at baseline

APM

No PU 49 (6.0) 682 (83.1) 59 (7.2) 30 (3.7) 1 (0.1) 821 (100)

Category 1 PU 11 (8.8) 92 (76.0) 12 (9.6) 7 (5.6) 0 (0.0) 125 (100)

Category 2 PU 10 (14.3) 48 (68.6) 6 (8.6) 3 (4.3) 3 (4.3) 70 (100)

Total 70 (6.9) 825 (81.2) 77 (7.6) 40 (3.9) 4 (0.4) 1016 (100)

HSFM

No PU 66 (8.0) 691 (83.6) 49 (5.9) 20 (2.4) 1 (0.1) 827 (100)

Category 1 PU 16 (14.4) 78 (70.3) 11 (9.9) 5 (4.5) 1 (0.9) 111 (100)

Category 2 PU 8 (10.7) 43 (57.3) 12 (16.0) 6 (8.0) 6 (8.0) 75 (100)

Total 90 (8.9) 812 (80.2) 72 (7.1) 31 (3.1) 8 (0.8) 1013 (100)

Consent type

APM

Written consent 44 (6.2) 595 (84.3) 38 (5.4) 26 (3.7) 3 (0.4) 706 (100)

Witnessed verbal consent 16 (10.6) 111 (73.5) 10 (6.6) 13 (8.6) 1 (0.7) 151 (100)

Consultee agreement 10 (6.3) 119 (74.8) 29 (18.2) 1 (0.6) 0 (0.0) 159 (100)

Total 70 (6.9) 825 (81.2) 77 (7.6) 40 (3.9) 4 (0.4) 1016 (100)

HSFM

Written consent 56 (8.0) 579 (83.0) 34 (4.9) 22 (3.2) 7 (1.0) 698 (100)

Witnessed verbal consent 16 (10.5) 123 (80.9) 7 (4.6) 5 (3.3) 1 (0.7) 152 (100)

Consultee agreement 18 (11.0) 110 (67.5) 31 (19.0) 4 (2.5) 0 (0.0) 163 (100)

Total 90 (8.9) 812 (80.2) 72 (7.1) 31 (3.1) 8 (0.8) 1013 (100)

Care setting

APM

Secondary care hospital 43 (6.1) 569 (80.1) 64 (9.0) 30 (4.2) 4 (0.6) 710 (100)

Community hospital 16 (8.4) 161 (84.3) 9 (4.7) 5 (2.6) 0 (0.0) 191 (100)

Intermediate care/rehabilitation 11 (9.6) 95 (82.6) 4 (3.5) 5 (4.3) 0 (0.0) 115 (100)

Total 70 (6.9) 825 (81.2) 77 (7.6) 40 (3.9) 4 (0.4) 1016 (100)
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TABLE 7 Number (%) of patients developing a new PU of category ≥ 2 by the 30-day final follow-up, by covariate
(continued )

Attribute

New PU of category ≥ 2

Not eligiblea TotalYes

No

No new PU of
category ≥ 2 Died Withdrawn

HSFM

Secondary care hospital 59 (8.4) 558 (79.0) 57 (8.1) 24 (3.4) 8 (1.1) 706 (100)

Community hospital 18 (9.6) 155 (82.4) 13 (6.9) 2 (1.1) 0 (0.0) 188 (100)

Intermediate care/
rehabilitation

13 (10.9) 99 (83.2) 2 (1.7) 5 (4.2) 0 (0.0) 119 (100)

Total 59 (8.4) 558 (79.0) 57 (8.1) 24 (3.4) 8 (1.1) 1013 (100)

Pain on a healthy/altered/PU of category 1 at baseline

APM

Yes 35 (6.5) 453 (83.7) 30 (5.5) 23 (4.3) 0 (0.0) 541 (100)

No 33 (7.4) 359 (80.3) 38 (8.5) 17 (3.8) 0 (0.0) 447 (100)

Unable to assess 0 (0.0) 7 (46.7) 8 (53.3) 0 (0.0) 0 (0.0) 15 (100)

Missing 2 (15.4) 6 (46.2) 1 (7.7) 0 (0.0) 4 (30.8) 13 (100)

Total 70 (6.9) 825 (81.2) 77 (7.6) 40 (3.9) 4 (0.4) 1016 (100)

HSFM

Yes 55 (10.1) 438 (80.7) 31 (5.7) 18 (3.3) 1 (0.2) 543 (100)

No 34 (7.7) 358 (80.8) 38 (8.6) 13 (2.9) 0 (0.0) 443 (100)

Unable to assess 1 (6.7) 11 (73.3) 3 (20.0) 0 (0.0) 0 (0.0) 15 (100)

Missing 0 (0.0) 5 (41.7) 0 (0.0) 0 (0.0) 7 (58.3) 12 (100)

Total 90 (8.9) 812 (80.2) 72 (7.1) 31 (3.1) 8 (0.8) 1013 (100)

Condition affecting peripheral circulation

APM

Yes 17 (7.5) 183 (81.0) 17 (7.5) 8 (3.5) 1 (0.4) 226 (100)

No 53 (6.7) 641 (81.3) 60 (7.6) 32 (4.1) 2 (0.3) 788 (100)

Missing 0 (0.0) 1 (50.0) 0 (0.0) 0 (0.0) 1 (50.0) 2 (100)

Total 70 (6.9) 825 (81.2) 77 (7.6) 40 (3.9) 4 (0.4) 1016 (100)

HSFM

Yes 22 (9.6) 180 (78.6) 19 (8.3) 7 (3.1) 1 (0.4) 229 (100)

No 67 (8.6) 630 (80.9) 53 (6.8) 24 (3.1) 5 (0.6) 779 (100)

Missing 1 (20.0) 2 (40.0) 0 (0.0) 0 (0.0) 2 (40.0) 5 (100)

Total 90 (8.9) 812 (80.2) 72 (7.1) 31 (3.1) 8 (0.8) 1013 (100)

Overall 160 (7.9) 1637 (80.7) 149 (7.3) 71 (3.5) 12 (0.6) 2029 (100)

a The participants did not have any skin site assessments for which the end point could be derived.
Parts of this table have been adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in
accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute,
remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://
creativecommons.org/licenses/by/4.0/.
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FIGURE 3 Cumulative incidence functions. (a) Cumulative incidence function for development of a PU of category ≥ 2
by the 30-day final follow-up; (b) cumulative incidence function of development of a PU of category ≥ 2 in treatment
phase; (c) cumulative incidence function for development of PU of category ≥ 1 by the 30-day final follow-up; and
(d) cumulative incidence function for development of a PU of category ≥ 3 by the 30-day final follow-up. Adapted
from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/
by/4.0/. (continued )
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HR 0.76, 95% CI 0.56 to 1.04; exact p-value = 0.0890) (Table 8). The only factor statistically significantly
associated with the primary end point was skin status (Wald p-value = 0.0057); specifically, patients with
a pre-existing category 1 PU were more at risk of developing a PU of category ≥ 2 than patients who did
not have a pre-existing PU (HR 1.83, 95% CI 1.17 to 2.87). Similarly, patients with a pre-existing category
2 PU had an increased risk of developing a new PU of category ≥ 2 compared with patients with no PU
(HR 1.83, 95% CI 1.09 to 3.09). Overall, 11.4% (27/236) of patients with a pre-existing category 1 PU
at baseline and 12.4% (18/145) of patients with a pre-existing PU of category ≥ 2 at baseline developed
a new PU of category ≥ 2, compared with 7.0% (115/1648) of patients without a pre-existing PU
at baseline.

A total of 213 new PUs of category ≥ 2 were observed on 160 patients. Fewer PUs developed on patients
allocated to APM (n = 89) than on patients allocated to HSFM (n = 124). The most common skin sites to
develop new PUs were the sacrum (n = 44, 20.7%), left buttock (n = 42, 19.7%), right buttock (n = 38, 17.8%),
left heel (n = 27, 12.7%) and right heel (n = 22, 10.3%). The frequency distribution of skin sites within mattress
types were similar (see Appendix 4, Table 70).

Sensitivity analysis: time to development of new pressure ulcers of category ≥ 2 during
the treatment phase
A total of 132 (6.5%) patients developed at least one new PU of category ≥ 2 between randomisation
and the end of the treatment phase (as a result of no longer being at risk, discharge, death, withdrawal or
60 days) (see Appendix 4, Table 71). An absolute difference between mattress groups of 2.6% was observed
corresponding to incidence rates of 5.2% (n = 53) in the APM arm and 7.8% (n = 79) in the HSFM arm.
Of those patients who developed a PU of category ≥ 2 during the treatment phase, the median time to
development was 12 days (range 2–57 days) in the APM arm and 9 days (range 2–50 days) in the HSFM
arm. The difference between mattress groups in terms of the treatment phase end point was statistically
significant in the unadjusted Gray’s test (p = 0.0306; see Figure 3b). The adjusted analysis (Fine and Gray
model) also demonstrated that there was statistically significant evidence that APM was superior to HSFM
(HR 0.66, 95% CI 0.46 to 0.93; exact p-value = 0.0176). The adjusted analysis identified that skin status at
baseline was statistically significantly associated with the development of a new PU of category ≥ 2 during
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FIGURE 3 Cumulative incidence functions. (a) Cumulative incidence function for development of a PU of category ≥ 2
by the 30-day final follow-up; (b) cumulative incidence function of development of a PU of category ≥ 2 in treatment
phase; (c) cumulative incidence function for development of PU of category ≥ 1 by the 30-day final follow-up; and
(d) cumulative incidence function for development of a PU of category ≥ 3 by the 30-day final follow-up. Adapted
from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms of the
Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/
by/4.0/.

DOI: 10.3310/hta23520 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 52

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Nixon et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

37

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


the treatment phase (Wald p-value = 0.0089); specifically, patients with a pre-existing category 1 PU were
more at risk of developing a PU of category ≥ 2 during the treatment phase than patients who did not have
a pre-existing PU (HR 1.83, 95% CI 1.11 to 3.02). Similarly, patients with a pre-existing category 2 PU had an
increased risk of developing a new PU of category ≥ 2 during the treatment phase compared with patients
with no PU (HR 1.98, 95% CI 1.12 to 3.50). Overall, 9.3% (22/236) of patients with a pre-existing category 1
PU at baseline and 10.3% (15/145) of patients with a pre-existing PU of category ≥ 2 at baseline developed
a new PU of category ≥ 2, compared with 5.8% (95/1648) of patients without a pre-existing PU at baseline
(Table 9).

TABLE 8 Time to development of a new PU of category ≥ 2 by the 30-day final follow-up

Covariate
Incidence rate,
n/N (%) Reference level

HR

Wald p-value
Point
estimate

95% Wald
confidence limits

Treatment

HSFM 90/1013 (8.9) – – – 0.0890a

APM 70/1016 (6.9) Vs. HSFM 0.76 0.56 to 1.04

Skin status

No PU 115/1648 (7.0) – – – 0.0057

Category 1 PU 27/236 (11.4) Vs. no PU 1.83 1.16 to 2.87

Category 2 PU 18/145 (12.4) Vs. no PU 1.83 1.09 to 3.09

Consent type

Written 100/1404 (7.1) – – – 0.3025

Witnessed verbal 32/303 (10.6) Vs. written 1.34 0.90 to 1.99

Consultee agreement 28/322 (8.7) Vs. written 1.23 0.79 to 1.91

Setting

Secondary care hospital 102/1416 (7.2) – – – 0.6182

Community hospital 34/379 (9.0) Vs. secondary
care hospital

1.06 0.71 to 1.58

NHS intermediate care/
rehabilitation facility

24/234 (10.3) Vs. secondary
care hospital

1.26 0.79 to 1.99

Pain on a healthy, altered or category 1 PU skin site

No 67/890 (7.5) – – – 0.5070

Yes 90/1084 (8.3) Vs. no 1.15 0.82 to 1.61

Unable to assess 1/30 (3.3) Vs. no 0.38 0.05 to 2.94

Missing 2/25 (8.0) Vs. no 2.02 0.43 to 9.45

Presence of condition affecting peripheral circulation

No 120/1567 (7.7) – – – 0.5688

Yes 39/455 (8.6) Vs. no 1.09 0.75 to 1.57

Missing 1/7 (14.3) Vs. no 2.91 0.35 to 24.51

a The p-value obtained from corresponding likelihood ratio tests for the effect of treatment is 0.0890.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Secondary end points

Time to development of pressure ulcers of category ≥ 1 to 30-day final follow-up
A total of 350 (17.2%) patients developed at least one new PU of category ≥ 1 between randomisation
and 30-day final follow-up, death or withdrawal (see Appendix 4, Table 72). An absolute difference
between mattress groups of 3.1% was observed, corresponding to incidence rates of 15.7% (n = 160) in
the APM arm and 18.8% (n = 190) in the HSFM arm. Of those patients who developed a PU of category
≥ 1, the median time to development was 12 days (range 1–86 days) in the APM arm and 9 days (range
2–94 days) in the HSFM arm. There was no evidence of a difference between mattress groups in terms of
the development of a PU of category ≥ 1 from randomisation to 30-day final follow-up in the unadjusted
Gray’s test (p = 0.0908; see Figure 3c) or in the adjusted analysis (Fine and Gray model HR 0.83, 95% CI
0.67 to 1.02; exact p-value = 0.0733). Factors related to the development of a PU of category ≥ 1 included

TABLE 9 Time to development of a new PU of category ≥ 2 during the treatment phase

Covariate
Incidence rate,
n/N (%) Reference level

HR

Wald
p-value

Point
estimate

95% Wald
confidence limits

Treatment

HSFM 79/1016 (7.8) – – – 0.0190a

APM 53/1013 (5.2) Vs. HSFM 0.66 0.46 to 0.93

Skin status

No PU 95/1648 (5.8) – – – 0.0089

Category 1 PU 22/236 (9.3) Vs. no PU 1.83 1.11 to 3.02

Category 2 PU 15/145 (10.3) Vs. no PU 1.98 1.12 to 3.50

Consent type

Written 84/1404 (6.0) – – – 0.7400

Witnessed verbal 25/303 (8.3) Vs. written 1.14 0.73 to 1.77

Consultee agreement 23/322 (7.1) Vs. written 1.18 0.72 to 1.92

Setting

Secondary care hospital 85/1416 (6.0) – – – 0.8670

Community hospital 29/379 (7.7) Vs. secondary
care hospital

1.12 0.73 to 1.73

NHS intermediate care/
rehabilitation facility

18/234 (7.7) Vs. secondary
care hospital

1.01 0.60 to 1.71

Pain on a healthy, altered or category 1 PU skin site

No 51/890 (5.7) – – – 0.2081

Yes 78/1084 (7.2) Vs. no 1.37 0.94 to 1.99

Unable to assess 1/30 (3.3) Vs. no 0.44 0.06 to 3.48

Missing 2/25 (8.0) Vs. no 2.57 0.56 to 11.73

Presence of condition affecting peripheral circulation

No 97/1567 (6.2) – – – 0.5671

Yes 34/455 (7.5) Vs. no 1.13 0.76 to 1.67

Missing 1/7 (14.3) Vs. no 2.65 0.32 to 21.80

a The p-value obtained from corresponding likelihood ratio tests for the effect of treatment is 0.0176.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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skin status (Wald p-value = 0.0301), consent type (Wald p-value = 0.0140) and pain on a healthy or altered
skin site (Wald p-value = 0.0063); HRs and corresponding 95% CIs are provided in Table 10. The incidence
rate in patients with no PU at baseline was 16.5% (272/1648), compared with 21.2% (50/236) in patients
with a PU of category 1 and 19.3% (28/145) in patients with a pre-existing PU of category 2. In terms of
type of consent, 21.4% (69/322) of patients with consultee agreement developed a new PU of category
≥ 1, compared with 19.5% (59/303) of patients with witnessed verbal consent and 15.8% (222/1404)
of patients with written consent. The incidence of new PUs of category ≥ 1 was 16.0% (226/1416) in the
secondary care setting compared with 17.7% (67/379) in community hospitals and 24.4% (57/234) in NHS
intermediate care/rehabilitation facilities. The incidence rate in patients who did not have pain on a healthy
or altered skin site at baseline was observed to be 15.6% (147/943), compared with 19.2% (198/1029) in
patients who did have pain, 6.7% (2/30) in patients for whom pain could not be assessed and 11.1%
(3/27) in patients for whom the pain status was missing.

TABLE 10 Time to development of new PUs of category ≥ 1 by the 30-day final follow-up

Covariate
Incidence rate,
n/N (%) Reference level

HR

Wald
p-value

Point
estimate

95% Wald
confidence limits

Treatment

HSFM 190/1013 (18.8) – – – 0.0741a

APM 160/1016 (15.7) Vs. HSFM 0.83 0.67 to 1.02

Skin status

No PU 272/1648 (16.5) – – – 0.0301

Category 1 PU 50/236 (21.2) Vs. no PU 1.52 1.11 to 2.09

Category 2 PU 28/145 (19.3) Vs. no PU 1.18 0.79 to 1.75

Consent type

Written 222/1404 (15.8) – – – 0.0140

Witnessed verbal 59/303 (19.5) Vs. written 1.15 0.86 to 1.53

Consultee agreement 69/322 (21.4) Vs. written 1.52 1.15 to 2.01

Setting

Secondary care hospital 226/1416 (16.0) – – – 0.0970

Community hospital 67/379 (17.7) Vs. secondary care
hospital

0.95 0.72 to 1.26

NHS intermediate care/
rehabilitation facility

57/234 (24.4) Vs. secondary care
hospital

1.35 1.01 to 1.82

Pain on a healthy or altered skin site

No 147/943 (15.6) – – – 0.0063

Yes 198/1029 (19.2) Vs. no 1.38 1.11 to 1.71

Unable to assess 2/30 (6.7) Vs. no 0.28 0.07 to 1.15

Missing 3/27 (11.1) Vs. no 1.31 0.40 to 4.36

Presence of condition affecting peripheral circulation

No 259/1567 (16.5) – – – 0.3258

Yes 90/455 (19.8) Vs. no 1.19 0.93 to 1.51

Missing 1/7 (14.3) Vs. no 1.85 0.26 to 13.12

a The p-value obtained from corresponding likelihood ratio tests for the effect of treatment is 0.0733.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Time to development of pressure ulcers of category ≥ 3 to 30-day final follow-up
A total of 32 (1.6%) patients developed at least one new PU of category ≥ 3 between randomisation and
30-day final follow-up, death or withdrawal (see Appendix 4, Table 73). An absolute difference between
mattress groups of 0.4% was observed, corresponding to incidence rates of 1.4% (n = 14) in the APM arm
and 1.8% (n = 18) in the HSFM arm. Among those patients who developed a PU of category ≥ 3, the median
time to development was 16 days (range 2–58 days) in the APM arm and 17 days (range 4–66 days) in the
HSFM arm. There was no evidence of a difference between mattress groups in terms of the development
of PUs of category ≥ 3 to 30-day final follow-up in the unadjusted Gray’s test (p = 0.5151; see Figure 3d);
the adjusted analysis (Fine and Gray model) also showed no evidence of a difference between the APM and
HSFM groups (HR 0.81, 95% CI 0.40 to 1.62; exact p-value = 0.5530). Factors related to development of
PUs of category ≥ 3 included skin status (Wald p-value = 0.0288), consent type (Wald p-value = 0.0335),
pain on a healthy, altered or category 1 PU skin site (Wald p-value < 0.0001) and presence of a condition
affecting the peripheral circulation (p < 0.0001); HRs and corresponding 95% CIs are provided in Table 11.

TABLE 11 Time to development of new PUs of category ≥ 3 by the 30-day final follow-up

Covariate
Incidence rate,
n/N (%) Reference level

HR

Wald
p-value

Point
estimate

95% Wald
confidence limits

Treatment

HSFM 18/1013 (1.8) – – – 0.5498a

APM 14/1016 (1.4) Vs. HSFM 0.81 0.40 to 1.62

Skin status

No PU 22/1648 (1.3) – – – 0.0288

Category 1 PU 3/236 (1.3) Vs. no PU 0.85 0.24 to 2.98

Category 2 PU 7/145 (4.8) Vs. no PU 3.20 1.33 to 7.71

Consent type

Written 16/1404 (1.1) – – – 0.0335

Witnessed verbal 6/303 (2.0) Vs. written 1.68 0.66 to 4.28

Consultee agreement 10/322 (3.1) Vs. written 2.97 1.31 to 6.74

Setting

Secondary care hospital 26/1416 (1.8) – – – 0.3045

Community hospital 3/379 (0.8) Vs. secondary care
hospital

0.43 0.13 to 1.41

NHS intermediate care/
rehabilitation facility

3/234 (1.3) Vs. secondary care
hospital

0.61 0.18 to 2.10

Pain on a healthy, altered or category 1 PU skin site

No 11/890 (1.2) – – – < 0.0001

Yes 19/1084 (1.8) Vs. no 2.00 0.93 to 4.32

Unable to assess 0/30 (0.0) Vs. no 0.00 0.00 to 0.00

Missing 2/25 (8.0) Vs. no 5.90 1.19 to 29.32

Presence of condition affecting peripheral circulation

No 22/1567 (1.4) – – – < 0.0001

Yes 10/455 (2.2) Vs. no 1.49 0.70 to 3.15

Missing 0/7 (0.0) Vs. no 0.00 0.00 to 0.00

a The p-value obtained from corresponding likelihood ratio tests for the effect of treatment is 0.5530.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Incidence rates within all levels of covariates were low; the incidence rate was 1.3% for patients with no PU
(22/1648) or a category 1 PU (3/236) at baseline compared with 4.8% (7/145) of patients with a pre-existing
category 2 PU. In terms of consent, the incidence rate was observed to be 1.1% (16/1404) for patients who
provided written consent, compared with 2.0% (6/303) for patients who provided witnessed verbal consent
and 3.1% (10/322) for patients who were consented via consultee agreement. The presence of pain on a
healthy, altered or category 1 PU skin site was statistically significant in the model, with an incidence rate of
0.0% for patients unable to report pain (0/30) and 8.0% for patients for whom the presence of pain was
missing (2/25). The incidence rate for patients with pain was marginally higher, at 1.8% (19/1084), than for
patients who did not have pain [1.2% (11/890)]. The presence of a condition affecting peripheral circulation
was also statistically significant in the model, with an incidence rate of 0.0% (0/7) in patients for whom this
factor could not be determined. The incidence rate in patients who had a condition affecting peripheral
circulation was 2.2% (10/455), whereas it was 1.4% (22/1567) in patients who did not have such a condition.

A total of 40 new PUs of category ≥ 3 were observed on 32 patients. The number of category 3 PUs was
comparable by trial arm (APM, n = 19, vs. HSFM, n = 21). The most common skin sites to develop the first
new PU of category ≥ 3 were the sacrum (n = 8, 20.0%), left heel (n = 10, 25.0%) and right heel (n = 12,
30.0%). In terms of the location of new PUs of category ≥ 3, similar proportions were noted on participants
in both the APM and the HSFM groups on the major torso skin sites (sacrum and buttocks) and heels
(see Appendix 4, Table 74).

Healing of pre-existing pressure ulcers of category 2 to 30-day final follow-up
Of 145 patients who had a pre-existing PU of category 2, 70 (48.3%) were allocated to APM and
75 (51.7%) were allocated to HSFM. The healing rate was observed to be 62.9% (n = 44) for patients
allocated to APM and 60.0% (n = 45) for patients allocated to HSFM, an absolute difference of 2.9%.
Of the patients who healed, the median time to healing was 20 days (range 2–85 days) in the APM arm
and 14 days (range 2–84 days) in the HSFM arm. There was no evidence of a difference between mattress
groups in terms of healing by the 30-day final follow-up in the unadjusted Gray’s test (p = 0.7362; Figure 4),
and this was reflected in the adjusted analysis (Fine and Gray model HR 1.12, 95% CI 0.74 to 1.68; exact
p-value = 0.6122) for the comparison of APM with HSFM. The only factor related to the time to healing
of a pre-existing PU of category 2 was the presence of a condition affecting the peripheral circulation
(p = 0.0469); HRs and corresponding 95% CIs for all covariates entered into the model are presented in
Table 12. The healing rate for patients who had a condition affecting peripheral circulation was 64.2%
(68/106) and was 52.6% (20/38) for patients who did not have such a condition.
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Moderator analysis (exploratory analysis)
The treatment effects for each level of each covariate (risk factor) for the end points of time to development
of a PU of category ≥ 2 to 30-day final follow-up (primary end point) and time to development of a PU of
category ≥ 2 during the treatment phase are presented in Figures 5–8. The forest plots present the point
estimate of the treatment effect, ln(HR), together with the corresponding 95% CI and, alongside the plot,
the corresponding HR and 95% CIs. As this is an exploratory analysis, it is noted where there are observed
differences in the estimate of the ln(HR) across the levels of each risk factor together with corresponding
95% CI, ln(HR) and corresponding upper 95% CI to the left of zero indicate a benefit in favour of APM
rather than HSFM, whereas ln(HR) and lower 95% CI to the right of zero indicate the reverse.

Incidence rates observed within each level of risk factor are aligned with the conceptual framework.
Although there is no evidence of differential treatment effects within risk factors at the 5% significance
level, treatment effects from these exploratory analyses suggest that there may be a potential benefit of
APM compared with HSFM in patients whose worst skin status was assessed as altered or category 1
PU, those with mobility limitations, those with a nutritional problem and patients who participated via
consultee agreement. There is a suggestion that patients aged 75–84 years may benefit more from APM,
and those aged ≥ 85 years are not observed to benefit from mattress type. The reason for this is not clear;
however, these patients have a higher incidence rate and their treatment effect may be confounded by
other correlated risk factors. Further work would be required to investigate this.

TABLE 12 Analysis model for time to healing of pre-existing PUs

Covariate
Healing rate,
n/N (%) Reference level

HR

Wald
p-value

Point
estimate

95% Wald
confidence limits

Treatment

HSFM 45/75 (60.0) – – – 0.5990a

APM 44/70 (62.9) Vs. HSFM 1.12 0.74 to 1.68

Consent type

Written 63/102 (61.8) – – – 0.9193

Witnessed verbal 14/23 (60.9) Vs. written 1.08 0.65 to 1.81

Consultee agreement 12/20 (60.0) Vs. written 1.12 0.57 to 2.19

Setting

Secondary care hospital 71/111 (64.0) – – – 0.3093

Community hospital 8/20 (40.0) Vs. secondary care
hospital

0.55 0.26 to 1.18

NHS intermediate care/
rehabilitation facility

10/14 (71.4) Vs. secondary care
hospital

0.91 0.44 to 1.86

Presence of condition affecting peripheral circulation

No 20/38 (52.6) – – – 0.0469

Yes 68/106 (64.2) Vs. no 0.59 0.36 to 0.97

Missing 1/1 (100.0) Vs. no 0.56 0.31 to 1.04

a The p-value from the corresponding likelihood ratio test was equal to 0.6122.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Subgroup Category

Healthy
Alterations
Category 1
Category 2

Skin status
Skin status
Skin status
Skin status

Mobility Completely limited
Quite limited
Some limitation
Very little limitation

Problem
No problem

Written
Witnessed verbal
Consultee agreement

Overall treatment effect

Mobility
Mobility
Mobility

Nutrition
Nutrition

Consent type
Consent type
Consent type

HR 95% Cl PU incidence rate (%)

1.36 (0.51 to 3.66)
(0.47 to 1.03)
(0.24 to 1.14)
(0.49 to 3.42)

(0.20 to 1.26)
(0.57 to 1.26)
(0.36 to 1.32)
(0.07 to 12.37)

(0.38 to 0.91)
(0.63 to 1.57)

(0.51 to 1.12)
(0.51 to 2.05)
(0.26 to 1.23)

(0.56 to 1.04)

5.3
7.3
11.4
12.4

9.7
8.0
7.4
5.0

9.3
6.7

7.1
10.6
8.7

0.70
0.53
1.30

0.50
0.85
0.69
0.94

0.59
1.00

0.75

0.76

1.03
0.57

–3 –2 –1 0 1 2 3 4 5

In favour of APM In favour of HSFM
In(HR)

FIGURE 5 Forest plot of effect sizes within subgroups for the primary end point, by the following subgroups: skin
status, mobility, nutrition, consent type. Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work
is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

Diabetic status

Subgroup Category HR 95% Cl PU incidence rate (%)

Diabetic
Not diabetic

< 65 years
65–74 years

Diabetic status

Age group
Age group
Age group
Age group

Sensory perception
Sensory perception

Macro- and microcirculation
Macro- and microcirculation

Moisture

Problem
No problem

Problem
No problem

Overall treatment effect

Problem
No problem

Moisture

75–84 years
> 85 years

0.86
0.62

0.84
0.76
0.57
0.98

0.79
0.75

0.83
0.70

0.74
0.81

0.76

(0.58 to 1.26)
(0.36 to 1.06)

(0.31 to 2.30)
(0.35 to 1.63)
(0.33 to 0.99)
(0.59 to 1.61)

(0.43 to 1.48)
(0.52 to 1.10)

(0.53 to 1.30)
(0.45 to 1.08)

(0.48 to 1.38)
(0.50 to 1.09)

(0.56 to 1.04)

10.4
7.0

5.7
7.3
7.9
9.1

7.6
8.0

8.4

8.4
7.7

7.4

–3 –2 –1 0 1 2 3 4 5

In favour of APM
In(HR)

In favour of HSFM

FIGURE 6 Forest plot of effect sizes within subgroups for the primary end point, by the following subgroups:
diabetic status, age group, sensory perception, macro- and microcirculation and moisture.
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Subgroup

Skin status
Skin status
Skin status
Skin status

Mobility
Mobility
Mobility
Mobility

Nutrition
Nutrition

Consent type
Consent type
Consent type

Category

Category 1
Category 2

Completely limited
Quite limited
Some limitation
Very little limitation

Problem
No problem

Written
Witnessed verbal
Consultee agreement

Overall treatment effect

Healthy
Alterations

HR 95% Cl

(0.38 to 3.68)
(0.44 to 1.04)
(0.10 to 0.71)
(0.40 to 3.33)

(0.14 to 1.28)
(0.46 to 1.10)
(0.29 to 1.27)
(0.10 to 13.92)

(0.32 to 0.85)
(0.50 to 1.38)

(0.41 to 0.98)
(0.48 to 2.34)
(0.18 to 1.06)

(0.46 to 0.93)

PU incidence rate (%)

1.19 4.0
6.2
9.3
10.3

7.4
6.7
5.8
5.0

7.8
5.5

6.0
8.3
7.1

0.68

1.16
0.26

0.43

0.52
0.83

0.63
1.06
0.44

0.66

0.71
0.61
1.21

–3 –2 –1 0 1 2 3 4 5

In favour of APM In favour of HSFM
In(HR)

FIGURE 7 Forest plot effect sizes within subgroups for the treatment phase end point, by the following subgroups:
skin status, mobility, nutrition, consent type.

Diabetic status Diabetic
Not diabeticDiabetic status

Age group
Age group
Age group
Age group

Sensory perception
Sensory perception

Macro- and microcirculation
Macro- and microcirculation

Moisture
Moisture

Problem

Problem

Problem

No problem

No problem

No problem

< 65 years
65–74 years
74–84 years
> 85 years

Overall treatment effect

0.68  (0.44 to 1.06)
0.63  (0.34 to 1.15)

1.01  (0.36 to 2.85)
0.64  (0.26 to 1.57)
0.47  (0.25 to 0.86)
0.81  (0.46 to 1.42)

0.63  (0.45 to 0.89)

0.72  (0.44 to 1.19)
0.60  (0.37 to 0.98)

0.68  (0.37 to 1.26)
0.65  (0.42 to 1.00)

0.66  (0.46 to 0.93)

0.74  (0.40 to 1.37)

8.7
5.7
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5.4
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FIGURE 8 Forest plot of effect sizes within subgroups for the treatment phase end point, by the following
subgroups: diabetic status, age group, sensory perception, macro- and microcirculation and moisture.
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Mediator analysis (exploratory analysis)
Figure 9 presents repositioning frequencies by mattress allocation during the treatment phase for all
patients in the ITT population for whom repositioning data are available. Throughout the treatment phase,
≥ 50% of patients with complete data in both the APM and the HSFM arms at each visit were repositioned
every 2–3 hours or more frequently. However, the proportion of patients repositioned every 2–3 hours or
more frequently appears to reduce during the treatment phase in both arms. Of those patients repositioned
fewer times than every 2–3 hours, similar proportions in the APM and HSFM arms were positioned every
4–5 hours and every 6–7 hours or fewer during the period between visits 1 and 5, but during the period
between visits 6 and 10, patients allocated to APM were repositioned less frequently than those allocated
to HSFM (i.e. fewer APM patients were positioned every 4–5 hours and more were positioned every 6–7 hours
or fewer times than patients in the HSFM arm).

Mattress compliance
The allocated mattress was received by 81.5% of patients within 2 days of randomisation for each
mattress group (Table 13). The median proportion of time in the treatment phase that patients spent on
the randomised mattress was 92% (range 0–100%) in the APM group and 100% (range 0–100%) in the
HSFM group, with 9.3% (n = 94) of patients allocated to APM and 10.9% (n = 110) of patients allocated
to HSFM not receiving their allocated mattress at any point during the treatment phase.

Of 1016 patients allocated to APM, 51.5% (n = 523) did not receive their mattress on the day of
randomisation, compared with 34.5% (n = 349) of patients allocated to HSFM. The most common reasons
for not receiving the allocated mattress on the day of randomisation were logistical (e.g. mattress unavailable
or awaiting delivery), affecting 95.1% (499/523) of those patients in the APM arm and 86.2% (301/349)
of those patients in the HSFM arm. Other reasons for non-allocation on the day of randomisation were
clinical, affecting 2.1% (11/523) of those in the APM arm and 9.2% (32/349) of those in the HSFM arm.
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FIGURE 9 Repositioning during treatment phase by mattress allocation. a, Proportion calculated on a
complete-case basis. Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed
in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited.
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TABLE 13 Mattress allocation, compliance and changes

Mattress allocation, compliance and changes

Trial arm

OverallAPM HSFM

Allocated mattress received on day 0, n (%)

Yes 491 (48.3) 660 (65.2) 1151 (56.7)

No 523 (51.5) 349 (34.5) 872 (43.0)

Mattress log not returned 2 (0.2) 4 (0.4) 6 (0.3)

Total 1016 (100) 1013 (100) 2029 (100)

If no, reason(s) why, n (%)

Logistical reasons (e.g. mattress unavailable or awaiting delivery) 499 (95.1) 301 (86.2) 800 (91.7)

Clinical decision (e.g. participant’s clinical condition) 11 (2.1) 32 (9.2) 43 (4.9)

Patient request 8 (1.5) 13 (3.7) 21 (2.4)

Other reason/reason unknown/missing 5 (1.0) 3 (0.9) 8 (0.9)

Total 523 (100) 349 (100) 872 (100)

If no, mattress the patient is on, n (%)

APM or other high-technology mattress 39 (7.5) 336 (96.3) 375 (43.0)

HSFM or other low-technology mattress 481 (92.0) 10 (2.9) 491 (56.3)

Other 1 (0.2) 2 (0.6) 3 (0.3)

Missing 2 (0.4) 1 (0.3) 3 (0.3)

Total 523 (100) 349 (100) 872 (100)

Allocated mattress received within 2 days of randomisation, n (%)

Yes 828 (81.5) 826 (81.5) 1654 (81.5)

No 186 (18.3) 183 (18.1) 369 (18.2)

Missing 2 (0.2) 4 (0.4) 6 (0.3)

Total 1016 (100) 1013 (100) 2029 (100)

Mattress compliance (%) during treatment phase

Mean (SD) 72.8 (35.81) 72.8 (37.81) 72.8 (36.8)

Median (range) 92 (0–100) 100 (0–100) 95 (0–100)

IQR (50.0–100) (47.1–100) (50.0–100)

Number of patients with missing data 2 4 6

Frequency distribution, n (%)

0.0% 94 (9.3) 110 (10.9) 204 (10.1)

0.0% to < 20.0% 74 (7.3) 78 (7.7) 152 (7.5)

20.0% to < 40.0% 51 (5.0) 50 (4.9) 101 (5.0)

40.0% to < 60.0% 59 (5.8) 51 (5.0) 110 (5.4)

60.0% to < 80.0% 80 (7.9) 57 (5.6) 137 (6.8)

80.0% to 100.0% 656 (64.6) 663 (65.4) 1319 (65.0)

Missing 2 (0.2) 4 (0.4) 6 (0.3)

Total 1016 (100) 1013 (100) 2029 (100)

continued
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Patients who were not allocated their mattress on the day of randomisation were typically on the alternative
mattress type, with 92.0% (481/523) of patients who did not receive their allocated APM being on HSFM or
another low-technology mattress pre randomisation and 96.3% (336/349) of patients who did not receive
their allocated HSFM being on APM or another high-technology mattress pre randomisation (see Table 13).

In total, there were 1320 mattress changes. The most common reason was that the allocated mattress
became available (n = 606, 45.9%).

TABLE 13 Mattress allocation, compliance and changes (continued )

Mattress allocation, compliance and changes

Trial arm

OverallAPM HSFM

Changed from randomised mattress at least once, n (%)

Yes 222 (24.1) 220 (24.4) 442 (24.2)

No 698 (75.7) 679 (75.2) 1377 (75.5)

Mattress log not returned 2 (0.2) 4 (0.4) 6 (0.3)

Total 922 (100) 903 (100) 1825 (100)

Reason for first change from randomised mattress, n (%)

Participant requested mattress change

To aid movement 20 (9.0) 0 (0.0) 20 (4.5)

Mattress not comfortable 90 (40.5) 28 (12.7) 118 (26.7)

Participant no longer at risk 1 (0.5) 0 (0.0) 1 (0.2)

Ward-led mattress change

Participant no longer at risk 4 (1.8) 1 (0.5) 5 (1.1)

To aid rehabilitation 29 (13.1) 5 (2.3) 34 (7.7)

Participant comfort 5 (2.3) 17 (7.7) 22 (5.0)

Participant clinical condition 3 (1.4) 130 (59.1) 133 (30.1)

Participant safety/health 4 (1.8) 2 (0.9) 6 (1.4)

Reason unknown 0 (0.0) 2 (0.9) 2 (0.5)

In error 1 (0.5) 0 (0.0) 1 (0.2)

Ward transfer 40 (18.0) 20 (9.1) 60 (13.6)

Technical fault 11 (5.0) 0 (0.0) 11 (2.5)

Mattress was required by another patient 3 (1.4) 0 (0.0) 3 (0.7)

Home leave 2 (0.9) 2 (0.9) 4 (0.9)

Slept in chair 1 (0.5) 1 (0.5) 2 (0.5)

Hospital transfer 0 (0.0) 2 (0.9) 2 (0.5)

Reason unknown 8 (3.6) 10 (4.6) 18 (4.0)

Total 222 (100.0) 220 (100.0) 442 (100.0)

IQR, interquartile range.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Of the 922 APM and 903 HSFM patients who received their allocated mattress during the treatment phase,
24.1% (222/922) in the APM arm and 24.4% (220/903) in the HSFM arm were observed to have at least
one change from their allocated mattress (see Table 13). These mattress changes included patient- and
ward-led reasons. For 40.5% (90/222) of APM participants and 12.7% (28/220) of HSFM participants,
the first change from the mattress allocation was a participant request because the mattress was not
comfortable. In contrast, changes for 2.3% (5/222) of participants from the APM arm and 7.7% (17/220)
from the HSFM arm were ward-led changes to aid participant comfort (see Table 13).

Other reasons were related to clinical condition and movement: 1.4% (3/222) of first mattress changes
from APM were ward led as a result of a participant’s clinical condition, compared with 59.1% (130/220)
of such changes from HSFM. Of the changes, both patient and ward led, to aid movement/rehabilitation,
22.1% [(20 + 29)/222] were from APM, whereas 2.3% [(0 + 5)/220] were from HSFM (see Table 13).

Ward transfer was the third most common reason for first change from allocated mattress, contributing to
18.0% (40/222) of the first changes from APM and 9.1% (20/220) of the first changes from HSFM.

Per-protocol population

The PPP consisted of 1352 (66.6%) patients after removing 545 (26.9%) patients who did not achieve at
least 60% compliance with their allocated mattress prior to developing a PU of category ≥ 2, or the end
of the treatment phase, whichever occurred sooner. Patients were also excluded (reasons not mutually
exclusive) if they were not at a high risk of PU development (n = 42, 2.1%), had a current or previous PU
of category ≥ 3 (n = 8, 0.4%), were outside the permitted weight limits (n = 6, 0.3%), did not receive the
mattress within 2 days of randomisation (n = 369, 18.2%) and/or the consent form was not received or
the consent date was after randomisation (n = 13, 0.6%). Of the 1352 patients in the PPP, 663 (49.0%)
were allocated to APM and 689 (51.0%) were allocated to HSFM. There was no evidence of a difference
between mattress groups in the incidents of new PUs of category ≥ 2 (adjusted Fine and Gray model HR
0.79, 95% CI 0.54 to 1.16; p = 0.2249). Incidence rates of new PUs of category ≥ 2 by 30-day final
follow-up were observed to be 7.2% (n = 42) in the APM arm and 8.4% (n = 58) in the HSFM arm.
Incidents of a new PU of category ≥ 2 in the treatment phase sensitivity analysis were observed to be
5.7% (n = 38) in the APM arm and 7.4% (n = 51) in the HSFM arm, a difference of 1.7%, which was
marginally significant, indicating some evidence of a difference between mattress groups (adjusted Fine
and Gray model HR 0.76, 95% CI 0.32 to 1.00; p = 0.0508).

Safety data: adverse and serious adverse events
Results are reported for all randomised patients (i.e. including the patient who was randomised twice).

No patient experienced a RU SAE (Table 14); expected (i.e. prespecified) adverse and serious adverse
events, including deaths, institutionalisation, falls and device-related ulcers, were balanced across groups.

Of the SAES and AEs reported, only three were reported to have an ‘other’ AE related to the mattress:
two of these were related to an APM deflating (including one patient randomised to HSFM but allocated to
APM by ward staff). The third AE was related to HSFM and the patient reported a burning sensation on their
buttocks and sacrum during the night. None of these ‘other’ mattress-related AEs was classified as serious.

In total, there were 82 (8.1%) and 84 (8.3%) deaths, and 82 (8.1%) and 62 (6.1%) re-admissions in the
APM and HSFM groups, respectively.

Device-related ulcers were reported in 20 (1.0%) patients: 12 (1.2%) in the APM group and 8 (0.8%)
in the HSFM group. Devices resulting in ulcers included catheters, plaster casts, traction, nasal tubing,
antiembolic stockings, face mask, bed end, bedpan, hoist, bandage, footstool and wheelchair. None of
the device-related ulcers was assessed as serious.
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TABLE 14 Adverse events/SAEs, by allocated mattress

Attribute

Trial arm

Total (N= 2030)APM (N= 2017)a HSFM (N= 2013)

Number of RU SAEs 0 0 0

Deaths, n (%) 82 (8.1) 84 (8.3) 166 (8.2)

Participants who were readmitted, n (%) 82 (8.1) 62 (6.1) 144 (7.1)

Expected AEs/SAEs, n (%)

At least one AE/SAE reported 163 (16.0) 167 (16.5) 330 (16.3)

No AE/SAE reported 853 (83.9) 842 (83.1) 1695 (83.5)

CRF not received 1 (0.1) 4 (0.4) 5 (0.2)

Total 1017 (100.0) 1013 (100.0) 2030 (100.0)

Total number of AEs/SAEs 259 (100.0) 25 (100.0) 511 (100.0)

Falls 246 (95.0) 240 (95.2) 486 (95.1)

Device-related ulcers 12 (4.6) 10 (4.0) 22 (4.3)

Related AEs 1 (0.4) 2 (0.8) 3 (0.6)

Falls details

Patients who experienced a fall, n (%) 152 (14.9) 159 (15.7) 311 (15.3)

Total number of falls 246 240 486

On allocated mattress at time of fall, n (%)

Yes 61 (24.8) 64 (26.7) 125 (25.7)

No 15 (6.1) 18 (7.5) 33 (6.8)

Cannot be determined 6 (2.4) 10 (4.2) 16 (3.3)

Missing 4 (1.6) 5 (2.1) 9 (1.9)

Fall occurred after treatment phase 160 (65.0) 143 (59.6) 303 (62.3)

Injury sustained, n (%)

Yes 81 (32.9) 73 (30.4) 154 (31.7)

No 163 (66.3) 166 (69.2) 329 (67.7)

Missing 2 (0.8) 1 (0.4) 3 (0.6)

If injury sustained, was the injury serious?, n (%)

Yesa 11 (13.6) 16 (21.9) 27 (17.5)

No 70 (86.4) 57 (78.1) 127 (82.5)

If injury was serious, seriousness criteria, n (%)

Requires prolonged hospitalisation 7 (63.6) 9 (56.3) 16 (59.3)

Significantly or permanently disabling or incapacitating 0 (0.0) 2 (12.5) 2 (7.4)

Requires surgical intervention 1 (9.1) 2 (12.5) 3 (11.1)

Laceration(s) 1 (9.1) 3 (18.8) 4 (14.8)

Radiography undertaken but clear 2 (18.2) 0 (0.0) 2 (7.4)
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Falls were observed in both mattress groups and affected a total of 311 (15.3%) patients: 152 (14.9%)
patients with a total of 246 falls in the APM arm, and 159 (15.7%) patients with a total of 240 falls in
the HSFM arm. Only 25.7% (125/486) of falls took place when patients were known to be on their
randomised mattress; 166 (34.2%) falls took place inside the home after discharge. An injury was
sustained in 154 (31.7%) falls, and 27 (17.5%) of these were classified as SAEs. None of the serious falls
was assessed as related to the mattress (although causality data were missing for 25.9% (7/27) incidents)
(see Table 14).

TABLE 14 Adverse events/SAEs, by allocated mattress (continued )

Attribute

Trial arm

Total (N= 2030)APM (N= 2017)a HSFM (N= 2013)

If injury was serious, causality of fall, n (%)

Unlikely to be related 0 (0.0) 1 (6.3) 1 (3.7)

Unrelated 8 (72.7) 11 (68.8) 19 (70.4)

Missing 3 (27.3) 4 (25.0) 7 (25.9)

If injury was serious, mattress type at time of fall, n (%)

HSFM 2 (18.2) 5 (31.3) 7 (25.9)

APM 0 (0.0) 1 (6.3) 1 (3.7)

Unknown/participant at home 1 (9.1) 2 (12.5) 3 (11.1)

Domestic mattress 3 (27.3) 1 (6.3) 4 (14.8)

Missing 5 (45.5) 7 (43.8) 12 (44.4)

Device-related ulcer details

Patients who experienced a device-related ulcer, n (%) 12 (1.2) 8 (0.8) 20 (1.0)

Total number of device-related ulcers 12 10 22

On allocated mattress at time of device-related ulcer first observed, n (%)

Yes 7 (58.3) 2 (20.0) 9 (40.9)

No 1 (8.3) 8 (80.0) 9 (40.9)

Missing 2 (16.7) 0 (0.0) 2 (9.1)

Device-related ulcer occurred after treatment phase 2 (16.7) 0 (0.0) 2 (9.1)

Was the device-related ulcer serious?, n (%)

No 12 (100) 10 (100) 22 (100)

Related AEs

Patients who experienced a mattress-related AE, n (%) 1 (0.1) 2 (0.2) 3 (0.1)

Total number of mattress-related AEs 1 2 3

On allocated mattress at time of mattress-related AE, n (%)

Yes 1 (100.0) 1 (50.0) 2 (66.7)

No 0 (0.0) 1 (50.0) 1 (33.3)

Was the mattress-related AE serious?, n (%)

No 1 (100) 2 (100) 3 (100)

a Safety population includes the patient who was randomised twice.
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Summary of results
From August 2013 to November 2016, 2030 patients were randomised: 1017 were allocated to APM and
1013 were allocated to HSFM.

Primary end point: 30-day final follow-up
Of 2029 patients in the ITT population, 160 (7.9%) developed a new PU of category ≥ 2 with no evidence
of a difference between mattress groups: 6.9% (n = 70) in the APM group compared with 8.9% (n = 90)
in the HSFM group (Fine and Gray model HR 0.76, 95% CI 0.56 to 1.04; exact p-value = 0.0890).

Treatment phase sensitivity analysis
During the treatment phase, new PUs of category ≥ 2 developed in 5.2% of participants in the APM group
compared with 7.8% of HSFM participants, with statistically significant evidence that APM is superior to
HSFM (Fine and Gray model HR 0.66, 95% CI 0.46 to 0.93; p = 0.0176).

Secondary end points: 30-day final follow-up
New PUs of category ≥ 1 developed in 350 (17.2%) patients with no evidence of a difference between
groups: 15.7% (n = 160) in the APM group compared with 18.8% (n = 190) in the HSFM group (Fine and
Gray model HR 0.83, 95% CI 0.67 to 1.02; p-value = 0.0733).

New PUs of category ≥ 3 developed in 32 (1.6%) patients with no evidence of a difference between
groups: 1.4% (n = 14) in the APM group compared with 1.8% (n = 18) in the HSFM group (Fine and Gray
model HR 0.81, 95% CI 0.40 to 1.62; p = 0.5530).

In terms of time to healing of a pre-existing PU of category 2, there was no evidence of a difference in
healing rate between the two groups: 62.9% (n = 44/70) in the APM group compared with 60.0%
(n = 45/75) in the HSFM group (Fine and Gray model HR 1.12, 95% CI 0.74 to 1.68; p = 0.6122).
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Chapter 4 Health economics

Introduction

Within-trial economic evaluations were carried out, together with a model-based analysis, to assess the
cost-effectiveness of APM compared with HSFM in the prevention of PUs of category ≥ 2 in high-risk
patients. The model was used to extrapolate the results over the expected lifetime of the trial participants.
The methods used are in line with NICE guidance.61

Measurement of resource use and cost analysis
The analyses take the perspective of the UK NHS and Personal Social Services (PSS), including costs
incurred by the NHS in the provision of the treatment and other health and social care resource utilisation
together. This includes length of stay in hospital, use of hospital outpatient facilities, contact with
community-based health-care services and utilisation of supported living such as care and nursing homes.

Utilisation of health and social care was combined with appropriate unit cost information obtained from
national sources such as the Personal Social Services Research Unit’s Unit Costs of Health and Social Care
2016.62 All costs were adjusted by the health-care price index to February 2017.63 Unit costs and their
sources are shown in Appendix 5, Tables 75–77.

Objectives

l The primary objective was to assess the incremental cost-effectiveness of APM compared with HSFM
in the prevention of PUs in high-risk patients at 30-day final follow-up (maximum 90 days post
randomisation), from the perspectives of the NHS and PSS.

l The secondary objective was to assess the long-term incremental cost-effectiveness of APM compared
with HSFM in the prevention of PUs of category ≥ 2 in high-risk patients, from the perspectives of the
NHS and PSS.

l A tertiary objective was, in the event of an early stopping signal for futility, we would assess the value of
continuing with the trial from the NHS decision-making perspective, via an EVSI analysis, to inform the
deliberations of the DMEC. Although a futility boundary was not crossed, this analysis was undertaken
twice at the request of the funder. The methods and results are presented in Appendix 3.

Methods

Within-trial analysis
In line with the main trial methods, the within-trial economic analysis adopted an ITT perspective. The
analysis used quality-adjusted life-years (QALYs) as the main outcome and adopted the perspectives of the
UK NHS and PSS. Utility values were derived from the EQ-5D-5L,64,65 resource use was obtained using a
Health Care Resource Utilisation questionnaire comprising abstracted data from health-care records and a
researcher-administered questionnaire.

Quality-of-life and resource use data were collected at baseline, at weeks 1 and 3 and at 30-day follow-up
after the end of the treatment phase. Given that a PU can take between 4 and 22 weeks to completely
heal, depending on the category,2 and that randomised patients are discharged with an unresolved PU, the
30-day post-treatment phase (final) follow-up assessment was included in the trial to retrieve information
on the potential long-term effect of the intervention.
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Neither costs nor QALYs were discounted, given that the time period was 90 days post randomisation.
The results are reported as incremental cost-effectiveness ratios (ICERs).

Quality-adjusted life-years
Quality-adjusted life-years reflect both duration and quality of life. Their estimation requires the production
of utility weights for each health state observed in the trial population. HRQoL was assessed using the
EQ-5D-5L.64 The EQ-5D-5L responses were converted to health-state utility values using the UK tariff.65 In
addition to the EQ-5D-5L, sensitivity analyses were undertaken using QALYs estimated from the PU-QoL-UI
(a PU condition-specific utility measure) using the appropriate algorithm.37

Quality-of-life questionnaires were administered by a trained CRN/P at baseline, at weeks 1 and 3 and at
30-day final follow-up.

The values obtained from each of two instruments (EQ-5D-5L and PU-QoL-UI) were multiplied by duration
(t) in each health state to generate QALYs. An area-under-the-curve approach was adopted for estimating
QALYS. For example, for the EQ-5D-5L:

QALY = f½(EQ5DBaseline + EQ5Dw1) × t� / 2 + ½(EQ5Dw1 + EQ5Dw3) × t� / 2
+ ½(EQ5Dw3 + EQ5DE30) × t)� /2g, (1)

where EQ5DBaseline, EQ5Dw1, EQ5Dw3 and EQ5DE30 are the EQ-5D-5L scores at baseline, week 1,
week 3 and the 30-day final follow-up, respectively.

When an individual died during the trial, it was assumed that their utility value is 0 from the date of death
to trial end. A linear transition to this value from their last completed outcome-measure questionnaire
was assumed.

Adjusting for baseline imbalance
Despite randomisation, there may be some differences in mean baseline values between groups. This is of
particular importance because a patient’s utility value at baseline is likely to be correlated with their utility
value over the follow-up period. Therefore, any potential imbalance in baseline utilities has been accounted
for.66,67 Multiple regression analysis was used to estimate differential mean QALYs and to predict adjusted
QALYs controlling for utility at baseline, PU status, setting, peripheral circulation and presence of pain.
Adjustment of total costs was also performed based on the same baseline characteristics used to adjust the
utility (expect utility at baseline).

Missing data
The analysis was conducted under the assumption that missing data were missing at random (MAR).
This was based on a descriptive analysis performed on the missing data. Visual and a logistic regression
analysis indicated that the data were unlikely to be missing completely at random (MCAR).68 The visual
pattern showed that the proportion of missing data differed by time point, whereas the regression analysis
showed that some observed variables predicted missingness. The result of this analysis indicated that MAR
may be a plausible assumption. However, it is recognised that missing not at random (MNAR) cannot be
completely ruled out, as some variables relevant to the economic data are unknown.

The multiple imputation approach was used to impute data, as it includes randomness to reflect the
uncertainty inherent in missing data. This process uses iterative multivariable regression techniques.69

For the QoL data, missing EQ-5D-5L values were imputed at each of the follow-up periods. The imputed
variables were used to estimate the utility values at each time point and then to estimate the QALYs for
each treatment arm. For costs, missing data were imputed at the level of total health and social services
costs. The imputation was performed in Stata® version 14 (StataCorp LP, College Station, TX, USA) using
predictive mean matching to perform multiple imputation by chained equations. This technique ensures
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that only plausible values of the missing variables are imputed, and the imputed values are estimated from
another individual whose predictive value is close to the one of the missing observation.68

Cost-effectiveness analyses
In line with the clinical analyses, the cost-effectiveness analysis adopted an ITT perspective for analysing
and summarising the health economic trial data. The primary analysis consisted of a cost–utility analysis
over the 30-day final follow-up (90 days post randomisation). The incremental cost per QALY gain as a
result of the use of either APM or HSFM was calculated by dividing the mean difference in cost of the
two trial arms by the mean difference in QALYs to produce an ICER, as follows:

ICER =
Ci −Cc

Ei − Ec

=
ΔC
ΔE

, (2)

where Ci and Ei are the expected cost and effectiveness of the intervention (APM), and Cc and Ec are the
expected cost and effectiveness of the comparator strategy (HSFM).

The ICER represents the additional cost per QALY gained for each intervention compared with the next
best alternative.70 NICE consider a cost per QALY within the range of £20,000–30,000 to be acceptable.61

The lower limit of this threshold (λ = £20,000) was used to determine cost-effectiveness. Interventions with
an ICER of < £20,000 per QALY gained will generally be considered cost-effective.

Sensitivity analysis
Alternative scenarios are explored, to test the robustness of the main trial analysis results. The effect of not
imputing missing data was considered with an analysis that includes only complete cases. In addition,
in the event of an imbalance at baseline, the effect on cost-effectiveness was evaluated. Table 78 in
Appendix 5 illustrates the main and secondary analyses carried out.

The level of sampling uncertainty around the ICER was determined using non-parametric bootstrapping to
generate 10,000 estimates of incremental costs and benefits.71,72 The bootstrapped estimates were plotted
on the cost-effectiveness plane to illustrate the uncertainty surrounding the cost-effectiveness estimates73

and the cost-effectiveness acceptability curve (CEAC) to show the probability of APM or HSFM being
cost-effective as a function of the willingness-to-pay threshold (λ). Mean net benefit is reported in Results
(see Table 15).71

Deterministic and probabilistic analyses for the primary analysis, and probabilistic results for the secondary
analysis, are described in Appendix 5, Table 78.

Lifetime decision-analytic model
A decision-analytic model was constructed to estimate the long-term incremental cost-effectiveness of
APM compared with HSFM in the prevention of PUs of category ≥ 2 in high-risk patients. Originally, a
patient-level simulation model was planned using individual patients defined in terms of age, gender and
underlying health condition. However, the economic modelling undertaken as part of the interim trial
analysis (see Appendix 3) showed a mean and median age of > 80 years. Given the age of the cohort and
the associated likelihood of comorbidities, there was far greater homogeneity within the patient population
than anticipated. Following discussion with the trial DMEC, a cohort model was used.

A Markov decision model was constructed using R software version 1.0.136 (The R Foundation for
Statistical Computing, Vienna, Austria) (Figure 10). The model structure mirrors that used in the interim
VOI analyses (see Appendix 3), but with some differences as the data retrieved from the trial allowed a
more detailed patient pathway. The model begins at the point of randomisation and extends for the
lifetime of the patients. The model describes patient progression over time through a pathway of health
states, with movement between the health states being triggered by development of one or more PUs,
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healing of PU(s) or death. Compared with the VOI model, the long-term model had two starting points:
in hospital PU free or in hospital with a PU. The model also added a stage to account for one PU developed
in hospital. The long-term model also used final trial data compared with expectations or partial trial data.
Figure 10 shows how patients can move between health states (indicated by the arrows). The model
structure was developed in consultations with the clinical expert members of the trial team. It aimed
to capture clinical practice according to the retrieved data. Resource use and costs are associated
with each health state and patients accumulate costs and health benefits in each state over 3-day cycles.
The outcome measure for the model was the QALY. The analysis adopts a lifetime horizon, truncated at
110 years.

The model analysis was conducted from the perspectives of the NHS and PSS. Costs and outcomes were
discounted at 3.5%.61

Model parameters
The model was populated using information from the trial for transition probabilities. Only a few
parameters were populated with information from relevant literature. The HR of death when having a
PU was obtained from Landi et al.,74 as this study was based on a similar population as the one in this
trial. The percentage reduction in utility for having one PU was assumed based on a previous PU study,37

and the frequency of PU incidence was obtained from Whittington and Briones.75 In terms of costs, the
additional cost of treating a PU was obtained from Dealey et al.24 Costs of the mattresses were obtained

In hospital PU free
(starting stage)

1

In hospital with
a PU

(starting stage)
2

Develop two 
or more PUs 

3

In hospital,
PU healed

5

Develop
a PU

4

Discharged
with a PU

6
Discharged

free of PUs or
PUs healed after

discharge
8

Death
9

Discharged
with two or
more PUs

7

  

FIGURE 10 Lifetime decision-analytic model to compare APM with HSFM.
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from the NICE PU prevention guideline12 and updated to 2017 costs. The daily cost of treatment of one PU
was assumed to be that of the cost per hour of a house visit of a community practice nurse, obtained
from the Unit Costs of Health and Social Care 201662 and updated to 2017 prices. Extra costs typical at
the end of life were obtained from Halek et al.76 and Fassbender et al.77 The parameters are shown in
Appendix 5, Table 79.

Cost-effectiveness analysis
As in the within-trial analyses, the incremental cost per QALY gained was estimated. Similarly, the lower
threshold value (£20,000 per QALY gained) was used to determine which strategy was the most
cost-effective.

Base-case scenario and sensitivity analyses
The base-case scenario included complete cases from the trial (ignoring missing values and based on QALY
estimates using the adjusted EQ-5D-5L). Alternative scenarios mirror the within-trial analyses (see Appendix 5,
Table 78).

Parameter uncertainty was addressed through probabilistic sensitivity analysis using Monte Carlo
simulation. The distributions chosen to characterise the uncertainty were based on the type of variable
being investigated. Beta distributions were used to characterise transition probabilities, as this distribution
is bounded between 0 and 1. Log-normal distributions were used to characterise HRs as this distribution
is bounded at 0 but can sample values > 1. Gamma distributions were assumed for all costs, as the
descriptive analysis of trial data suggested that costs follow such a distribution. When standard deviations
(SDs) were not available, a relative standard error (RSE) was assumed. The RSE is defined as the ratio of the
standard error to the mean. This was assumed at 5% for all required variables.

The outputs of the analysis are presented as the expected ICER, a scatterplot on the cost-effectiveness
plane and a CEAC. The expected net monetary benefit (NMB) was also calculated for both interventions
using a value of £20,000 for λ.

A deterministic one-way sensitivity analysis was performed to check the results over the most uncertain
parameters. Multiway deterministic sensitivity analyses were to be undertaken to test different possible
scenarios.

Results

Within-trial analyses

Sample
The total sample size of the ITT analysis was of 2029 participants (APM arm, n = 1016; HSFM arm, n = 1013).

For the complete-case analysis, 267 participants (APM arm, n = 118; HSFM arm, n = 149) had completed the
EQ-5D-5L at all four time points, and 233 had completed the PU-QoL-UI at all four time points (APM arm,
n = 107; HSFM arm, n = 126). Figure 11 shows a flow diagram showing the number of complete cases by
measurement for resource use and EQ-5D-5L.

Costs
Tables 80–82 in Appendix 5 contain the average per-patient costs from baseline to 30-day final follow-up
for those patients who completed the resource use questionnaires at all four time points. (It should be
noted that all these patients were included in the ITT analyses, but only those who had also completed the
EQ-5D-5L at all four time points were included in the complete-case analysis.)
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The cost driver is, as might be anticipated, inpatient care, although the difference between the total
mean cost of inpatient stays between the two arms of the trial is not statistically significant (£2810.08 for
the APM arm and £2888.68 for the HSFM arm; p = 0.54). Overall, there are few statistically significant
differences in costs across the two arms; however, the majority of costs are lower in the APM arm than in
the HSFM arm.

Utility values
The utility values (see Appendix 5, Table 83) of both the EQ-5D-5L and the PU-QoL-UI show no statistically
significant differences between the arms of the trial across each of the four time periods (baseline, week 1,
week 3 and 30-day final follow-up).

Cost-effectiveness
The results of the within-trial analyses using QALYs derived from the EQ-5D-5L are shown in Table 15.

Once baseline adjustments were made, the deterministic analysis shows that the mean total costs of
APM and HSFM are £4533 and £4646, respectively, with mean QALYs of 0.128 and 0.127, respectively.
Thus, APMs dominate HSFM, as APM has lower costs and higher QALY values. Similar results are seen in
the probabilistic analysis in which APMs dominate HSFM (mean total costs of APM and HSFM are £4533
and £4646, respectively, and mean QALYs are 0.128 and 0.127, respectively). Within this analysis, APM
has a 99% probability of being cost-effective at a threshold of £20,000. Figures 12 and 13 show the
cost-effectiveness plane and CEAC.

Patients in the ITT population
(n = 2029)

Baseline 

Resource use
• Completed, n = 1917
• Missing, n = 63

Resource use
• Completed, n = 1328
• Missing, n = 652

Resource use
• Completed, n = 556
• Missing, n = 1424

Resource use
• Completed, n = 1256
• Missing, n = 724

Week 1 Week 3 30 days after discharge

Completed both, n = 1825 Completed both, n = 1083 Completed both, n = 446 Completed both, n = 1015

Completed baseline and week 1, n = 1024

Completed baseline, week 1 and week 3, n = 336

Completed baseline, week 1, week 3 and 30 days after discharge, n = 267

EQ-5D-5La

• Completed, n = 1825
• Missing, n = 155

EQ-5D-5La

• Completed, n = 1083
• Missing, n = 897

EQ-5D-5La

• Completed, n = 446
• Missing, n = 1534

EQ-5D-5La

• Completed, n = 1015
• Missing, n = 965

FIGURE 11 Flow chart of completed questionnaires by measurement. a, Patients who responded to all five
dimensions of the EQ-5D-5L.
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The sensitivity analyses (see Appendix 5, Tables 84–88) show mixed results. The complete-case analysis
showed, unlike the previous analyses, that HSFM was cost-effective. An additional analysis was undertaken
using only complete cases for the baseline and 30-day final follow-up. This analysis increased the number
of complete cases to 934 (APM arm, n = 460; HSFM arm, n = 474). When baseline adjustment was made,

TABLE 15 Results of within-trial and lifetime analyses

Strategy

Total Incremental

ICER (£) NMB (£)

Probability
of being
cost-effective
(£20,000 per
QALY threshold) ResultCost (£) QALY Cost (£) QALY

Deterministic within-trial analysis (adjusted for baseline costs and QALYs)

APM 4482 0.128 –1918 – Cost-effective

HSFM 4621 0.127 138 –0.0010 –136,171 –2077 – Dominated

Probabilistic within-trial analysis (adjusted for baseline costs and QALYs)

APM 4533 0.128 –1979 0.99 Cost-effective

HSFM 4646 0.127 113 –0.0011 –101,699 –2114 0.01 Dominated

Deterministic lifetime analyses

APM 17,736 7.04 123,134 – Cost-effective

HSFM 18,778 6.98 1042 0.055 –18,979 120,994 – Dominated

Probabilistic lifetime analyses

APM 17,708 6.91 120,600 0.60 Cost-effective

HSFM 18,661 6.87 953 –0.046 –20,465 118,715 0.40 Dominated

Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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FIGURE 12 Cost-effectiveness plane. Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access
article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work
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the results here showed that HSFM was the most cost-effective; conversely, when no baseline adjustment
was made, APM was the cost-effective strategy (see Appendix 5, Tables 89 and 90). ITT analysis without
baseline adjustment found that APM was the cost-effective alternative. The results of the sensitivity analyses
using QALYs derived from the PU-QoL-UI similarly found differing results (see Appendix 5, Tables 87
and 88).

Decision-analytic cost-effectiveness model
Within the lifetime cost-effectiveness model, APM dominated HSFM with lower costs and higher QALY
gains in both the deterministic and the probabilistic analyses (see Table 15). The probabilistic analysis
showed a probability of cost-effectiveness of 60%. The cost-effectiveness plane and CEAC are shown in
Figures 14 and 15. The sensitivity analyses (see Table 15) show that the results are robust to changes in
the main costs and utility variables.
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The sensitivity analyses (see Appendix 5, Table 91) all show APM to be cost-effective with lower costs and
higher QALY values.

Summary

The value for money of the two mattresses showed APM to be cost-effective over both the short and the
long term. However, the results were not robust; differences in costs between the two were modest and
the differences in the measure of effectiveness were very small.
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Chapter 5 Photography validation substudy

A detailed study protocol for this substudy has been previously published.78 The following sections give
an overview of the background, a summary of the methods and full results and discussion.

Background

Currently, there is no objective laboratory measure for the diagnosis of a PU. The accepted ‘gold standard’
is expert clinical examination of the skin areas at risk of PU development.8,33 Owing to the visible differences
between the two interventions (APM and HSFM) in this study, using the ‘gold standard’ for the end-point
assessment meant that blinded assessment of the skin was not achievable. It is possible that the trial primary
end point could be misreported, either intentionally or not, by clinical research staff. There is also inherent
subjectivity with clinical assessments and misclassification of the skin may also occur.52,79,80 If there is a risk
that estimates of the treatment effect will be biased, then the findings of the trial may not be reliable.

To assess and quantify any potential bias through estimates of over- and under-reporting of PUs, one
approach would be to take photographs of all skin sites and assess them blinded. The problem with this
would be that taking so many photographs would be a burden to patients and staff and raise concerns
about patient consent.

Other issues, such as image quality in ambient lighting conditions and the reliability of the identification
of a category 2 PU using photographic evidence,79,80 were of concern.

These issues have been only partially explored previously. At the trial design stage, only two studies were
found that report the inter-rater reliability of photography assessed by different clinical experts and
photography versus clinical assessment. One study compared experts’ photographic assessments, reporting
levels of agreement between two groups of experts assessing photographs to classify PUs.80 The other study
compared the ‘gold standard’ expert clinical nurse assessment against assessment using photographs.79

Although inter-rater agreement was high in both, the former study reported a high proportion of poor-
quality images that could not be assessed80 and, in the latter study, half of the PU photographs were of
category ≥ 379 and, therefore, not comparable with the primary end point of ‘early’ category 2 PUs.

Other technological solutions were also considered including laser Doppler, light spectroscopy and
multispectral imaging, but these detect erythema and the intensity of skin blood flow and are unable to
assess the presence of a category 2 PU.81

Therefore, recognising the need to establish a method for blinded outcome assessment and respond to
the funding body’s request, a validation substudy was undertaken in order to address both scientific and
practical questions.

Aims and objectives

The main aim of the photographic substudy was to assess the feasibility of using blinded expert central
photographic review to quantify potential bias in the reporting of the PRESSURE 2 trial primary end point.

The primary objectives of the substudy were, therefore, to assess:

l over-reporting of PUs of category ≥ 2
l under-reporting of PUs of category ≥ 2.
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The secondary objectives of the sub study were to assess:

l rates of consent/potential impact on trial recruitment
l acceptability to patients
l compliance with photographs (i.e. whether or not the intended number of photographs were

actually taken)
l compliance with secure transfer of photographs between the research site and the CTRU
l the quality of photographs and confidence of photographic review.

Methods

During the recruitment process, participants were asked to consent to photography of their skin sites; this
was an optional consent and did not preclude participation in the trial. Participants were able to opt out of
photographs at any time.

Photographic data collection
Photographs were taken on the following occasions:

l All PUs of category ≥ 2 at first observation (baseline or follow-up) by a CRN/P (to enable the
assessment of the over-reporting of PUs of category ≥ 2).

l A random sample of 10% of patients from each centre had a detailed skin assessment and
photographs taken by an independent clinical assessor who was a clinical expert in skin assessment
and blinded to all CRN/P assessments, to assess the potential for under-reporting of PUs. If the patient
had any PU of category ≥ 2, one would be photographed. If there was more than one PU of category
≥ 2, the photographs were to include one skin site with a PU and one skin site without. Compliance
was monitored and adjusted to ensure that a 10% proportion of patients were selected.

l All photographs had blinded, central end-point review by a panel of three clinical experts. Photographic
data transfer complied with data protection legislation,82 detailed in a standard operating procedure
(SOP). Data collection and transfer was monitored to assess compliance; reasons for non-compliance
were recorded.

l Information from screening logs and consent forms (opt out of consent to photographs) was used to
assess the acceptability of photographs and the potential impact on trial recruitment.

Sample size
This study was required to determine the feasibility and reliability of photography against the ‘gold
standard’ expert nurse clinical assessment in the assessment of PUs of category ≥ 2. There was no formal
sample size calculation because of the exploratory nature of this substudy; however, it was estimated that
a maximum of 1653 photographs, corresponding to 1080 PU photographs and 573 PU-free photographs,
would be received and reviewed by the central review panel.78 This was based on the original trial sample
size of 2954 patients, 5.7% of whom were expected to have an existing PU33 at baseline and 20.5% of
whom were expected to develop a new PU.

At trial completion, as a result of the low trial event rate and reduced trial sample size, a maximum of
918 photos were expected to be received, corresponding to 177 baseline category 2 PUs, 213 new PUs of
category ≥ 2 and 528 photos from the sample of patients randomly selected for the clinical assessment
(two photos per patient).

Cameras and photographs
The expertise of an independent professional medical photographer was sought for camera selection,
testing and standardisation of photographs; full details have been previously published.78
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A practical consideration of the study was the cost of supplying 50 cameras to the centres taking part
in the study. With the available budget, potential, affordable camera models were tested using a
ColorChecker® Color Rendition Chart (X-Rite, Grand Rapids, MI, USA) to assess colour accuracy.

The same model of camera was used by all centres throughout the study to facilitate more consistent
results. Different camera models, even from the same manufacturer, use different sensors, lenses and
firmware and could make a difference to the colour and quality of images. The selected camera, the
Canon IXUS 510 HS (Canon Incorporated, Tokyo, Japan), was then tested further to assess the best
settings and shooting distances to standardise the cameras; details were incorporated into a SOP.

The SOP also included details of the CTRU safe and secure transfer process.78 Once transferred to CTRU,
the photographs were prepared for central, blinded review, which included standardisation of photograph
quality using Adobe® Lightroom software (Adobe Systems Incorporated, San Jose, CA, USA) and assignation
of a unique random number to the photograph to ensure that the reviewers were blind to patient identifiers.
All photographs at centres were destroyed immediately after secure transfer was confirmed.

Central blinded expert review process
During the central photographic review, three clinical expert members of the TMG simultaneously assessed
each image with no conferring, using the trial skin assessment classification and coding (see Box 1).
Simultaneous assessment was undertaken so that the image conditions were standardised. The three
reviewers were blinded to the clinical classification and blinded to each other. The data manager prepared
the blinded photographs in batches for review and oversaw each review session, ensuring that blinding was
maintained. The category ≥ 2 PU photographs and those from the 10% random sample (the majority of
which were assessed clinically as normal, altered or category 1) were combined to maintain the blinding.

It was recognised that (1) the photographs may not have been of high quality because they had not been
taken by medical photographers and (2) skin assessment is usually a combination of visual and manual
examination and the diagnosis of other skin conditions requires details of the clinical history. Reviewers
were therefore asked to rate their confidence in their assessment of the skin from the photograph alone
on a scale of 0 (not confident at all) to 10 (very confident).83–86

Analysis
The SAP [see Methods on the project web page: www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/
(accessed 20 November 2018)] included analysis of the photographic data; however, changes were required
as a result of the nature of the data collection. These changes were detailed in the analysis amendment log.
The analysis conducted is outlined in the following sections.

Primary objectives

Over-reporting of pressure ulcers of category ≥ 2
The blinded expert central review of photographs of PUs of category ≥ 2 sent as part of the main trial
(i.e. because a category 2 PU was observed) was compared with the clinical skin assessment recorded by
the CRN/P, and the proportion of agreement was summarised.

Under-reporting of pressure ulcers of category ≥ 2
The blinded expert central review of photographs of skin sites sent as part of the 10% random sample
was compared with the clinical skin assessment recorded by the independent clinical assessor and the
proportion of agreement was summarised. The kappa and prevalence- and bias-adjusted kappa (PABAK)
statistics are reported in Results, Primary objective 2: under-reporting of pressure ulcers of category ≥ 2.

In addition, clinical skin assessments undertaken by an independent clinical assessor as part of the
10% random sample were compared with the clinical skin assessments recorded by the CRN/P to assess
agreement on classification of PUs of category ≥ 2. Agreement across all skin sites (i.e. on a patient basis)
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was summarised by mattress allocation and overall, and the kappa and PABAK statistics are reported;
guidelines were used to interpret the kappa analysis.87,88

Secondary objectives

Rates of consent/potential impact on trial recruitment
Consent to photographs at baseline was summarised based on the returned consent forms. Reasons for
non-recruitment to the trial were examined to identify whether or not photography was a barrier to
recruitment.

Acceptability to patients and compliance with photography
Acceptability of and compliance with photography were assessed in combination. The reasons for not
taking the intended number of photographs have been summarised (see Table 21) and incorporate
logistics or research team issues and patient-led issues.

Compliance with secure transfer of photographs between the research site and the
Clinical Trials Research Unit
The number and details of protocol deviations relating to the transfer of photographs have been
summarised (see Secondary objective 4: compliance with secure transfer of photographs between the
research site and the Clinical Trial Research Unit), including any remedial actions taken, if required.

Quality of photographs and confidence of photographic review
As a result of the low number of category ≥ 2 PUs observed in the trial, and, therefore, in the random
sample of patients identified to assess the under-reporting of PUs of category ≥ 2, kappa and PABAK
were calculated for the combined data obtained from photographs taken from the random sample and
the photographs of all PUs of category ≥ 2.

Results

A total of 2029 patients were recruited into the PRESSURE 2 trial. A total of 177 PUs of category 2 were
observed among 145 patients at baseline, and 213 PUs of category ≥ 2 from 160 patients were observed
to develop during the trial; therefore, a total of 390 photographs of PUs of category ≥ 2 were expected.
A total of 248 photographs were received.

A total of 264 patients were selected by the 24-hour system to be part of the sample selected for
assessment by the independent clinical assessor and a maximum of 528 photographs were expected
(two photographs per patient). Only 167 (63.3%) patients actually had a substudy assessment completed,
of whom 142 (85.0%) were reported to have had photographs taken. In total, 284 (53.8%) photographs
were returned as part of the substudy from 137 (51.9%) patients.

Primary objective 1: over-reporting of pressure ulcers of category ≥ 2
A total of 248 photographs were received as part of the main trial (photography of first presentation
of PUs of category ≥ 2): 103 from the APM arm and 145 from the HSFM arm. The expected numbers of
photographs of PUs of category ≥ 2 were 180 in the APM arm and 210 in the HSFM arm, indicating
compliance with return of photographs of 57% in the APM arm and 69% in the HSFM arm.

Blinded expert central photographic review versus clinical research nurse/registered
health-care professional clinical assessment
Of the photographs returned, the overall agreement between the blinded expert central photographic
review assessment and the CRN/P clinical assessment was 83.5% (207/248, 95% CI 78.9% to 88.1%),
corresponding to agreement of 88.3% (91/103, 95% CI 82.1% to 94.5%) in the APM arm and 80.0%
(116/145, 95% CI 73.5% to 86.5%) in the HSFM arm. This does indicate the potential for higher levels of
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over-reporting in the HSFM arm, although the CIs for the proportion of agreement in each group overlap.
Furthermore, the levels of agreement need to be considered in conjunction with the differing return rates
of photographs in the two mattress groups, as mentioned in the previous section and in Table 16, and also
the diagnostic uncertainty observed in the assessment of the photographs by the three expert reviewers
[i.e. in five (2.0%) cases, the assessment could not be determined and, in 226 (91.1%) cases, at least one
central review assessment was in agreement with the CRN/P].

Primary objective 2: under-reporting of pressure ulcers of category ≥ 2
A total of 264 (13.0%) patients were selected for the skin verification substudy. In terms of compliance
with this substudy, a total of 167 (63.3%) patients had a substudy visit completed, equating to 8.2% of
the ITT population. Of the patients who had a visit, 142 (85.0%) were reported to have had photographs
attempted. A final total of 284 photographs from 137 patients were assessed as part of this substudy.
There were two patients with just one photograph returned, 124 patients with two photographs returned,
eight patients with three photographs and three patients with four photographs (Table 17).

Blinded expert central photographic review versus independent clinical assessment
Overall, there was agreement in 91.5% of cases (260/284) between the blinded expert central review and
independent clinical assessor in terms of whether skin sites were healthy, altered or category 1 PU or
category ≥ 2 PU: 90.5% (114/126) agreement in the APM arm and 92.4% (146/158) agreement in the
HSFM arm. There were 15 PUs of category ≥ 2 assessed on the photographic blinded central expert
review; of these, six were also assessed by the independent clinical assessor as a PU of category ≥ 2 and
two were assessed as ‘not applicable’, whereas seven were assessed as healthy, altered or category 1 PUs
(four out of eight PUs in the APM and five out of seven PUs in the HSFM arm were not classified as a
category ≥ 2 PU by the clinical assessor) (Table 18). Conversely, there were 10 PUs of category ≥ 2
assessed by the independent clinical assessor and, of the four disagreements with the photographic
blinded expert central review, two were classified as healthy, altered or category 1 PUs and two could not
be determined.

The kappa statistic of 0.53 is in the region of ‘weak agreement’;87,88 however, this is influenced by a
small proportion of PUs of category ≥ 2 reported. The PABAK statistic of 0.93 demonstrates ‘very good
agreement’ of photograph assessments with clinical assessments.

TABLE 16 Summary of blinded central expert review assessments for photographs taken of PU of category ≥ 2

Attribute

Trial arm, n (%)

Total, n (%)APM HSFM

Blinded central expert review assessment

PU of category ≤ 1 6 (10.7) 25 (17.2) 36 (14.5)

PU of category ≥ 2 91 (88.3) 116 (80.0) 207 (83.5)

Unable to determine 1 (1.0) 4 (2.8) 5 (2.0)

Total number of photographs reviewed 103 (100.0) 145 (100.0) 248 (100.0)

Did at least one blinded central expert review assessment determine a PU of category ≥ 2?

Yes 97 (94.2) 129 (89.0) 226 (91.1)

No 6 (5.8) 16 (11.0) 22 (8.9)

Total number of photographs reviewed 103 (100.0) 145 (100.0) 248 (100.0)
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TABLE 17 Summary of independent clinical assessments for the random sample of patients

Attribute

Trial arm, n (%)

Total, n (%)APM HSFM

Skin verification substudy visit conducted

Yes 72 (59.5) 95 (66.4) 167 (63.3)

No 49 (40.5) 48 (33.6) 97 (36.7)

Total 121 (100.0) 143 (100.0) 264 (100.0)

Reason skin verification substudy visit not done

Missed by the independent clinical assessor 18 (36.7) 18 (37.5) 36 (37.1)

Participant refused 1 (2.0) 1 (2.1) 2 (2.1)

Participant too unwell 4 (8.2) 2 (4.2) 6 (6.2)

Participant has been transferred to another eligible inpatient facility 1 (2.0) 0 (0.0) 1 (1.0)

Participant has been discharged 9 (18.4) 15 (31.3) 24 (24.7)

Participant has been transferred to an ineligible inpatient facility 1 (2.0) 1 (2.1) 2 (2.1)

Participant has withdrawn from the trial 2 (4.1) 2 (4.2) 4 (4.1)

Participant has died 3 (6.1) 0 (0.0) 3 (3.1)

Did not receive substudy e-mail 3 (6.1) 3 (6.3) 6 (6.2)

Lack of staff capacity 7 (14.3) 3 (6.3) 10 (10.3)

Reason unknown 0 (0.0) 2 (4.2) 2 (2.1)

Other reason 0 (0.0) 1 (2.1) 1 (1.0)

Total 49 (100.0) 48 (100.0) 97 (100.0)

If substudy assessment was conducted, were photographs attempted?

Yes 63 (87.5) 79 (83.2) 142 (85.0)

No 9 (12.5) 16 (16.8) 25 (15.0)

Total 72 (100.0) 95 (100.0) 167 (100.0)

If no photographs were taken, reason

Consent for photos to be taken not obtained 9 (100.0) 9 (56.3) 18 (72.0)

Participant no longer wants photos to be taken 0 (0.0) 3 (18.8) 3 (12.0)

Participant does not want photos to be taken at this visit 0 (0.0) 1 (6.3) 1 (4.0)

Not appropriate at this time 0 (0.0) 2 (12.5) 2 (8.0)

Missing 0 (0.0) 1 (6.3) 1 (4.0)

Total 9 (100.0) 16 (100.0) 25 (100.0)

Number of photographs received per participant

0 10 (13.9) 20 (21.1) 30 (18.0)

1 2 (2.8) 0 (0.0) 2 (1.2)

2 57 (79.2) 67 (70.5) 124 (74.3)

3 2 (2.8) 6 (6.3) 8 (4.8)

4 1 (1.4) 2 (2.1) 3 (1.8)

Total number of participants who had substudy assessment 72 (59.5) 95 (66.4) 167 (63.3)
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All photographs: blinded expert central photographic review versus clinical assessment
If the assessment of the 248 photographs of all category 2 PUs observed by the CRN/P is combined with
the assessment by the independent clinical assessor of the 284 photographs from the random sample
of 10% of patients, then an overall agreement of 87.8% (467/532) between the blinded expert central
photographic review and clinical assessment is observed. There were 222 PUs of category ≥ 2 assessed
on the blinded expert central photographic review and, of these, 213 were also assessed by the clinical
assessors (i.e. CRN/Ps and independent clinical assessors) as a PU of category ≥ 2, two as ‘not applicable’
and seven as healthy, altered or category 1 PUs. Similarly, there were a total of 258 PUs of category ≥ 2
reported by the clinical assessors, of which 38 were classified as healthy, altered or category 1 PUs and
seven could not be determined through blinded expert central photographic review. The corresponding
kappa statistic is 0.82 (‘very good agreement’) and PABAK is equal to 0.82, indicating that photographic
assessment has ‘very good agreement’ when compared with expert clinical assessment.

TABLE 18 Cross-tabulation of assessment by independent clinical assessor and blinded expert central
photographic review

Independent clinical
assessor

Blinded expert central photographic review, n (%)

Healthy, altered
or category 1 PU

Categories 2–4
or unstageable

Unable to
determine Overall Kappaa PABAKa

Overall

Healthy, altered or
category 1 PU

254 (89.4) 7 (2.5) 3 (1.1) 264 (93.0) 0.53 0.93

Categories 2–4 or
unstageable

2 (0.7) 6 (2.1) 2 (0.7) 10 (3.5)

N/A 4 (1.4) 2 (0.7) 1 (0.4) 7 (2.5)b

Missing 3 (1.1) 0 (0.0) 0 (0.0) 0 (0.0)

Overall 263 (92.6) 15 (5.3) 6 (2.1) 284 (100.0)

APM

Healthy, altered or
category 1 PU

110 (87.3) 3 (2.4) 1 (0.8) 114 (90.5) 0.59 0.92

Categories 2–4 or
unstageable

2 (1.6) 4 (3.2) 2 (1.6) 8 (6.4)

N/A 1 (0.8) 1 (0.8) 0 (0.0) 2 (1.6)

Missing 2 (1.6) 0 (0.0) 0 (0.0) 2 (1.6)

Overall 115 (91.3) 8 (6.4) 3 (2.4) 126 (100.0)

HSFM

Healthy, altered or
category 1 PU

144 (91.1) 4 (2.5) 2 (1.3) 150 (94.9) 0.49 0.95

Categories 2–4 or
unstageable

0 (0.0) 2 (1.3) 0 (0.0) 2 (1.3)

N/A 3 (1.9) 1 (0.6) 1 (0.6) 5 (3.2)

Missing 1 (0.6) 0 (0.0) 0 (0.0) 1 (0.6)

Overall 148 (93.1) 7 (4.4) 3 (1.9) 158 (100.0)

N/A, not applicable (could include unable to assess, missing, incontinence-associated dermatitis, etc.)
a Kappa and PABAK calculated using only assessments in which both the independent assessor and the central review

assessments were available.
b Incontinence-associated dermatitis/moisture lesion (n = 5), dermatological skin condition (n = 1), surgical wound/bruising (n = 1).
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Independent clinical assessor versus clinical research nurse/registered
health-care professional
The skin assessment by the independent clinical assessor was compared with the assessment by the CRN/P
that was closest in time. The overall agreement was observed to be 94.6% (157/166): 91.7% (66/72)
agreement for patients in the APM arm and 96.8% (91/94) agreement in the HSFM arm. The kappa
statistic was observed to be in the region of ‘moderate agreement’; however, this is influenced by the
small proportion of PUs of category ≥ 2 that were observed. The corresponding PABAK statistic of 0.89
overall is in the region of ‘very good agreement’.

There were 12 PUs of category ≥ 2 assessed by the independent assessor and, of these, five were reported
as healthy, altered or category 1 PUs by the CRN/P (Table 19). All of the PUs of category ≥ 2 reported by
the independent clinical assessor, but not by the CRN/P, were in the APM arm. Furthermore, there were
four skin sites that were assessed as a PU of category ≥ 2 by the research nurse that the independent
assessor categorised as healthy, altered or category 1: one in the APM arm and three in the HSFM arm.
These results suggest that there may be some under-reporting by both the CRN/P and the independent
assessor; however, the sample size is too small to determine the level of under-reporting and to distinguish
whether or not there are any differences between the arms.

Secondary objective 1: rates of consent/potential impact on trial recruitment
Overall, 1711 (84.3%) patients in the ITT population consented to photography; this was similar between
mattress groups, with 860 (84.6%) patients allocated to APM and 851 (84.0%) patients allocated to HSFM
consenting (Table 20). There were no patients who reported the photography element as a barrier to trial
participation (see Figure 2).

Secondary objectives 2 and 3: acceptability to patients and compliance
with photographs
For the photography of PUs of category ≥ 2, on 170 occasions photographs were confirmed by centres
as not being attempted. The reasons for these have been summarised in Table 21. The most common
reason was because consent for photographs had not been obtained (n = 56, 32.9%). The reasons were

TABLE 19 Cross-tabulation of assessment by independent clinical assessor and research nurse

Research nurse Independent assessor, n (%)

Overall
Healthy, altered
or category 1 PU

Category 2, 3, 4
or unstageable Overall Kappa PABAK

Healthy, altered or category 1 PU 150 (90.4) 5 (3.0) 155 (93.4) 0.58 0.89

Categories 2–4 or unstageable 4 (2.4) 7 (4.2) 11 (6.6)

Overall 154 (92.8) 12 (7.2) 166a (100.0)

APM

Healthy, altered or category 1 PU 61 (84.7) 5 (6.9) 66 (91.7) 0.58 0.83

Categories 2–4 or unstageable 1 (1.4) 5 (6.9) 6 (8.3)

Overall 62 (86.1) 10 (13.9) 72 (100.0)

HSFM

Healthy, altered or category 1 PU 89 (94.7) 0 (0.0) 89 (94.7) 0.56 0.94

Categories 2–4 or unstageable 3 (3.2) 2 (2.1) 5 (5.3)

Overall 92 (97.9) 2 (2.1) 94a (100.0)

a One patient was excluded from the comparison with the research nurse because no baseline or follow-up forms were
received but a substudy assessment was conducted.
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reasonably balanced between the two mattress groups, although there was a higher proportion in the
HSFM arm for whom photographs were missed in error (n = 14, 14.3%) than in the APM arm (n = 7, 9.7%).
In terms of the skin verification substudy, of those patients who had a substudy visit (n = 167), there were
25 (15.0%) patients for whom a photograph was not attempted; the main reason for non-completion of
photographs was because consent had not been obtained (n = 18, 72.0%) (see Table 21).

Secondary objective 4: compliance with secure transfer of photographs between the
research site and the Clinical Trial Research Unit
There were 25 protocol deviations reported relating to photography administration. These were related to
the trial general e-mail used for photography transfer (n = 11), greyscale card not being in the photograph
(n = 7), incorrect timing (n = 3), photographs received from patients who had not provided initial written
consent (n = 2), wrong camera used (n = 1) and camera stolen (n = 1). When transfer was conducted using
the incorrect e-mail address, these were deleted from the sender’s and receiver’s e-mail accounts and
re-sent using the nhs.net account. When photographs were received from patients who provided verbal
agreement at the time of the photography but had refused photography during consent to study
participation, these were destroyed by the sender and receiver and not included in the analysis.

TABLE 20 Rates of optional consent to photography

Consent for photographs obtained

Trial arm, n (%)

Overall, n (%)APM HSFM

Yes 860 (84.6) 851 (84.0) 1711 (84.3)

No 155 (15.3) 160 (15.8) 315 (15.5)

Original consent form not returned 1 (0.1) 2 (0.2) 3 (0.1)

Total 1016 (100.0) 1013 (100.0) 2029 (100.0)

TABLE 21 Photographic compliance for reported PUs of category ≥ 2

Reasons for photographs of category ≥ 2 PUs not being taken

Trial arm, n (%)

Overall, n (%)APM HSFM

Consent for photographs to be taken not obtained 23 (31.9) 33 (33.7) 56 (32.9)

Participant no longer wanted photographs taken as part of this trial 3 (4.2) 6 (6.1) 9 (5.3)

Participants did not want photographs taken at this particular visit 15 (20.8) 17 (17.3) 32 (18.8)

Not appropriate at this time 8 (11.1) 8 (8.2) 16 (9.4)

Pre-photography study set-up 2 (2.8) 4 (4.1) 6 (3.5)

Camera technical problem 3 (4.2) 0 (0.0) 3 (1.8)

Photograph not taken because of logistical problems (e.g. camera
unavailable, not enough time)

7 (9.7) 7 (7.1) 14 (8.2)

Dressing/cast in situ 2 (2.8) 3 (3.1) 5 (2.9)

Missed in error 7 (9.7) 14 (14.3) 21 (12.4)

Unable to reposition the patient 0 (0.0) 1 (1.0) 1 (0.6)

Reason unknown 1 (1.4) 3 (3.1) 4 (2.4)

Other 1 (1.4) 2 (2.0) 3 (1.8)

Total 72 (100.0) 98 (100.0) 170 (100.0)
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Secondary objective 5: quality of photographs and confidence in
photographic assessment
In general, each reviewer tended to be more confident when they assessed a photograph as healthy,
altered or category 1, with reviewer 1 giving a confidence score of at least 6 in 70.5% of cases compared
with 55.5% of the photographs that they assessed as a PU of category ≥ 2. Similarly, reviewer 2 had a
confidence of at least 6 in 86.5% of photographs that they assessed as healthy, altered or category 1
compared with 75.6% of those they assessed as PU of category ≥ 2. Reviewer 3 also demonstrated more
confidence in photographs they assessed as healthy, altered or category 1, with 79.5% being given a
confidence score of at least 6 compared with 68.6% of the photographs they assessed as PU of category ≥ 2.
There was a very small number of photographs for which no assessment was made.

Conclusion

Overall, the reliability of photography as a tool for blinded expert central assessment in PU trials is ‘very
good’ (according to the PABAK statistics). There is potential imbalance in terms of the over-reporting of
PUs between the arms, with an indication that PUs may have been more likely to be over-reported in
the HSFM arm; however, the CIs for the level of agreement for each group overlap and this needs to be
considered alongside a potential imbalance in terms of the return of photographs of PUs of category
≥ 2 with a lower return rate for the APM arm and the diagnostic uncertainty associated with blinded
expert central photographic review.

Overall, there was ‘very good agreement’ (according to the PABAK statistics) between the independent
clinical assessor and CRN/P in their clinical assessment.

Similarly, there may have been under-reporting of PUs of category ≥ 2 by the independent clinical assessor
compared with the blinded expert central photographic review, but in both of these cases, the sample size
was too small to assess under-reporting any further.

There were varying levels of confidence from the blinded expert reviewers of the photographs, with more
confidence demonstrated in skin sites assessed as healthy, altered or category 1. In only a very small
number of photographs could no assessment be made.
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Chapter 6 Evaluation of a patient-reported
outcome measure of health-related quality of life for
use in pressure ulcer prevention trials

Background

Patient-centred care requires that interventions be evaluated in terms of patient experience, with
patient-reported outcomes (PROs), including HRQoL. A widely accepted definition of HRQoL, useful for
clinical trials and health services research, states that:

HRQoL is a multidimensional construct encompassing perceptions of both positive and negative
aspects of dimensions, such as physical, emotional, social, and cognitive functions, as well as the
negative aspects of somatic discomfort and other symptoms produced by a disease or its treatment.

Reproduced from Osoba89

Integral to this definition is that HRQoL is a subjective phenomenon, so the patient’s assessment is
preferred to that of a proxy, and it is multidimensional, including core domains plus symptoms that will
differ across diseases, treatments and health interventions.89,90

Another term closely related to HRQoL is PRO. A PRO is ‘any report of the status of a patient’s health
condition that comes directly from the patient, without interpretation of the patient’s response by a clinician
or anyone else’.91 The term PRO emerged to solve the difficulty of finding a universal definition for HRQoL
and related concepts. It does not tell what is being measured, only that the patient is providing the data.
PROs can be symptoms (e.g. pain, fatigue), aspects of functioning (e.g. physical, psychological, social)
and/or multidimensional constructs, such as HRQoL.

Pressure ulcers and interventions aimed at preventing or treating PUs can affect HRQoL in many ways,
including pain,92 exudate and odour, and can compromise all areas of patient functioning.1,93 The presence
of symptoms and impaired functioning can have a distal effect on HRQoL outcomes.94 Intensive interventions
for preventing and treating PUs pose added patient burden and further affect HRQoL.12 This additional
impact on patients is related to increased care burden, prolonged rehabilitation, requirement for bed rest,
and hospitalisation.1,47 In this clinical context, evaluating PROs such as symptoms, functioning and HRQoL is
particularly important and relevant, and there is enormous potential for PROs to be integral to patient
management and recommendations for PUs.

The need for evaluating health-related quality of life in patients at risk
of developing pressure ulcers

The possible burden of symptoms and impacts on HRQoL associated with interventions for preventing and
treating PUs provide compelling arguments for incorporating the quality of patients’ lives into decisions
about PU prevention and management. The PU field is reliant on health-outcome assessment to provide a
strong evidence base, incorporating the patient perspective.
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Methods of assessing health-related quality of life in patients with
pressure ulcers

A standardised approach to assessment of HRQoL is required to reduce variation in both the way questions
are asked and how patients respond. For this reason, questionnaires with standard questions about
relevant issues incorporating a standard set of response options are used. These are referred to as PRO
instruments or measures.

Patient-reported outcome instruments are increasingly used in clinical studies for measuring outcome variables.
In this role, PRO instruments are the central dependent variables on which prevention and treatment decisions
are made. They can be useful tools for evaluating health changes following interventions if they are fit for
purpose and accord with international standards for rigorous measurement.12,95 PRO instruments specific to
PUs could help improve the evidence base through use in research assessing the clinical effectiveness of PU
therapies, facilitate clinician–patient communication and shared decision-making, prioritise patient problems
and preferences, monitor changes or outcomes of treatment and measure the performance of health-care
providers and services, and could be used in clinical audit.91,95,96

Previous work by this research team has identified PROs that are important to people with PUs,1,48 established
the need for patient-reported measures of outcomes specific to PUs,97 and developed and evaluated a PRO
instrument to assess PU-specific symptoms and functioning impacts (the PU-QoL instrument).98 The PU-QoL
instrument is researcher administered and comprises three symptom scales, pain (eight items), exudate
(eight items) and odour (six items), and seven function scales: four physical functioning – sleep (six items),
movement and mobility (nine items), daily activities (eight items) and vitality (five items); two psychological
well-being: emotional well-being (15 items) and self-consciousness and appearance (seven items); and one
social participation (nine items), plus a single item for itchiness and a single item for global QoL. It is intended
for patients who have any category of PU. Patients rate the amount of ‘bother’ attributed ‘during the past
week’ on a three-point response scale (0 = not at all to 2 = a lot). Scale scores are generated by summing
items and then transforming to a 0–100 scale. High scores indicate greater patient bother. The PU-QoL
instrument has been validated for use with patients with PUs and is most appropriate for people with severe
PUs, as demonstrated by a lack of items to represent people with little or no bother due to PUs. Given the
heterogeneity of the PU population, further work was required to ensure that the PU-QoL instrument
scales met the needs of all people with PUs, including patients with superficial PUs, as well as those at
risk of PU development and to test whether the PU-QoL instrument scales were responsive to change.
The usefulness of a new PRO instrument is demonstrated by multiple applications in different studies
and strengthened by an accumulative body of evidence to support scale measurement properties.97

Aims

In order to enable assessment of PROs in patients receiving preventative interventions who are at risk of
developing PUs, the aims of this study were to:

1. modify the PU-QoL instrument for use with patients receiving preventative interventions who are at a
high risk of PU development – the PU-QoL-P

2. undertake a comprehensive evaluation of the psychometric measurement properties of the PU-QoL-P
instrument to ensure that it is acceptable, reliable, valid and responsive, and suitable for use in the UK
health setting.

This would provide a standardised method for evaluating patients’ self-reports of the impact of PU
preventative interventions on HRQoL outcomes.
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Methods

Development of the Pressure Ulcer Quality of Life – Prevention instrument
Following international PRO guidelines,91,98 the original PU-QoL instrument was modified to produce a
prevention version (the PU-QoL-P instrument). A group of 20 experts, which included specialist tissue
viability nurses (recruited from participating sites involved in the PURPOSE programme),37 people
with past experience of having PUs (recruited via the Pressure Ulcer Research Service User Network UK)35

and PRO methodologists, were asked to review the original PU-QoL instrument. They completed a
questionnaire that asked about content (e.g. how relevant and representative are the issues to people at
high-risk of PU development?); if any items were confusing, difficult to understand or needed clarification;
if any items were not relevant to people at risk of PUs; and if any important issues were missing.

Expert group review
Feedback from the expert group informed modifications to the PU-QoL instrument.

Item stem
The question stem was changed from ‘During the past week, how much were you bothered by these
feelings because of your pressure sore(s)?’ to ‘During the past week, how much were you bothered by
these feelings because of any pressure area pain, soreness or discomfort, pressure sores or treatments?’.

Content
Content that was considered missing was added: four items were added to the pain scale [including ‘feeling
of altered sensation’, ‘dull ache’, ‘feeling sore’ and ‘loss of feeling (e.g. numbness or paralysis)’], one item was
added to the sleep scale (‘being woken during sleep’) and a single item was developed for ‘overall HRQoL’
with response options – improved/got better, the same or worsened. Examples were also added to one item
in the daily activities scale, ‘doing things that you enjoy (e.g. reading a book, watching a movie, talking on
the telephone, using a computer)’, and to two items in the malaise scale, ‘feeling tired (e.g. in need of sleep
or rest)’ and ‘feeling fatigued (extreme tiredness resulting from mental or physical exertion or illness)’.

The two symptom scales (exudate and odour) were considered relevant only for people with PUs;
therefore, a skip question was introduced (e.g. only complete if you have a PU). Two items were removed
from the daily activities scale, ‘doing shopping’ and ‘doing jobs around the house’, and ‘because of your
sore’ was removed from the item ‘feeling like you have no control over your life because of your sore’ in
the emotional well-being scale. The participation scale was considered irrelevant to people hospitalised,
so it was also excluded. No changes were made to the movement and mobility scale, the appearance and
self-consciousness scale or the single item for itchiness.

Evaluation of the Pressure Ulcer Quality of Life – Prevention instrument
To assess the psychometric properties of the PU-QoL-P instrument, a subanalysis was conducted of all
participants recruited to the main PRESSURE 2 trial who had completed both the PU-QoL-P and the SF-12
instruments at baseline. This initially included all patients randomised (1 : 1) but, because of data burden,
a randomised subset of participants were allocated to complete the PU-QoL-P and SF-12 and finally just
the SF-12 instruments (for full details of questionnaire administration, see Chapter 2). Participants
completed instruments at baseline, at weeks 1 and 3 and at 30-day final follow-up.

Patient-reported outcome instruments
The PU-QoL-P instrument was administered along with a generic measure of health status, the SF-12.99

The SF-12 was chosen on the basis of evidence from a systematic review of PRO instruments for chronic
wounds (including PUs)48 and practical issues relating to the patient population. Use of the SF-36 was
considered; however, it was decided by the project team that it was too long for use with patients at a
high risk of PUs (e.g. these patients are mostly elderly, highly dependent and/or with high levels of
comorbidity, including acute and chronic illness). Instead, the SF-12, a short version of the SF-36, was
selected to reduce respondent burden.
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The SF-12 is a generic instrument that assesses health status. It includes eight domains: (1) physical
functioning, (2) role-physical, (3) body pain, (4) general health, (5) energy/fatigue, (6) social functioning,
(7) role-emotional and (8) mental health. A physical component summary and a mental component
summary score are generated. An acute version of the SF-12 is available that incorporates a 1-week recall
period, which for this condition has been found to be relevant.100 The SF-12 takes 2 minutes to administer
and has been validated for administration by researchers. Even though the SF-12 has not specifically been
validated for use with people with PUs, it has wide-spread use in other chronic wounds and dermatological
conditions to assess changes in health status between groups. It has been used with other chronic skin
wound conditions to validate their corresponding disease-specific PRO instruments and has been validated
for use with elderly people.

Statistical analyses
Detailed analysis methods have been previously reported.101 Briefly, standard psychometric analyses were
used to evaluate the PU-QoL-P scale’s data quality and targeting, scaling assumptions (within-scale validity
using multitrait scaling and factor analysis), reliability, construct validity (between-scale validity exploring
convergent validity and known-groups validity), and responsiveness against prespecified criteria (see Appendix 6,
Table 92).48,102 Analyses were performed using IBM SPSS Statistics version 22.0 (IBM Corporation, Armonk,
NY, USA). All analyses were conducted with two-tailed tests at the 95% significance level.

Results

Evaluation of the Pressure Ulcer Quality of Life – Prevention instrument

Baseline demographics
Owing to patient questionnaire burden, and as the PU-QoL-P data were secondary to the main trial data,
the frequency of questionnaire administration was reduced for all patients between August 2013 and April
2014, between May 2014 and October 2015 patients were randomised to receive one of two questionnaire
packs such that 50% completed the PU-QoL-P; PU-QoL-P data collection then ceased (see Chapter 2, Data
collection schedule, Treatment phase (maximum 60 days). Of the 2029 trial participants, 1455 were eligible
for the substudy. Of these, 806 completed only the SF-12 at baseline, two completed only the PU-QOL-P at
baseline and 30 did not complete PU-QOL-P questionnaire scale items (only descriptive questions). This gave
an analysis sample (who completed both PU-QoL-P and SF-12 at baseline) of 617 participants.

The only notable difference observed between the analysis sample and the baseline SF-12 sample was that
the analysis sample included more people with category 2 PUs (Table 22). The analysis sample consisted
of 617 patients (45.1% male), aged between 21.9 years and 101.3 years (mean 75.7 years), of whom
141 (22.8%) had a category 1 or 2 PU and 61.4% reported the presence of pressure-related pain at
baseline. The majority (99.8%) were of white ethnicity. More than half (65.6%) were from a secondary
care hospital setting, with a medical condition (58.8%), and 70.7% were considered to have very limited
mobility according to the Braden scale (see Table 22).31

Scale-to-sample targeting and data quality
Scale scores spanned the entire scale ranges for all scales apart from exudate (0–86) and odour (0–25)
scales. However, mean scale scores were < 37, with all scales exceeding the 20% criterion for floor effects
(see Appendix 6, Table 93). This was expected given that the sample was predominantly at a high risk
of PU development, with few people with PUs at baseline. Scale scores were computable for > 70% of
respondents (range 73.8–100.0%) (see Appendix 6, Table 93). Targeting and data quality were also
checked for the SF-12 measure and met criteria thresholds (see Appendix 6, Table 94).

Reliability
Internal consistency reliability was high with all scale Cronbach coefficient alphas of > 0.795 (range
0.795–0.970) (Table 23). During the analysis, items ‘putrid smell’ and ‘sickening smell’ were removed from
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TABLE 22 The PU-QoL-P baseline participant demographics

Characteristic

Instrument completed at baseline

PU-QoL-P and SF-12 (N= 617) Only SF-12 (N= 806)

Age (years), range (mean, SD) 21.9–101.3 (75.7, 14.458) 23.4–100.3 (77.6, 12.686)

Gender, n (%)

Male 278 (45.1) 368 (45.7)

Female 339 (54.9) 438 (54.3)

Ethnicity, n (%)

White 609 (99.8) 795 (98.6)

Non-white 8 (1.3) 11 (1.4)

Setting, n (%)

Secondary care hospital 405 (65.6) 554 (68.7)

Community care hospital 105 (17.0) 160 (19.9)

Intermediate care/rehabilitation facility 107 (17.3) 92 (11.4)

Medical condition, n (%)

Medical 363 (58.8) 477 (59.2)

Surgical 56 (9.1) 56 (6.9)

Orthopaedics and trauma 144 (23.3) 217 (26.9)

Oncology 13 (2.1) 10 (1.2)

Critical care 2 (0.3) 1 (0.1)

Rehabilitation 1 (0.2) 2 (0.2)

Neurological 11 (1.8) 8 (1.0)

Vascular 2 (0.3) 3 (0.4)

Stroke 13 (2.1) 22 (2.7)

Cardiology 1 (0.2) 0 (0)

Renal 1 (0.2) 0 (0)

Gastroenterology 1 (0.2) 0 (0)

Trauma 0 (0) 1 (0.1)

Other 9 (1.5) 8 (1.0)

Missing 0 (0) 1 (0.1)

Mattress allocation, n (%)

Alternating 313 (50.7) 404 (50.1)

Foam 304 (49.3) 402 (49.9)

Mattress type, n (%)

Static overlay 0 (0) 3 (0.4)

Foam 351 (56.9) 454 (56.3)

Static air-filled 5 (0.8) 2 (0.2)

Gel filled 0 (0) 1 (0.1)

Hybrid foam/alternating pressure 14 (2.3) 25 (3.1)

Alternating pressure 220 (35.7) 277 (34.4)

continued
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TABLE 22 The PU-QoL-P baseline participant demographics (continued )

Characteristic

Instrument completed at baseline

PU-QoL-P and SF-12 (N= 617) Only SF-12 (N= 806)

Low air loss 15 (2.4) 25 (3.1)

Hybrid alternating pressure/low air loss 10 (1.6) 14 (1.7)

Other 1 (0.2) 1 (0.2)

Missing 1 (0.2) 3 (0.4)

Category 1 PU, n (%)

Patients with category 1 PU 80 (13.0) 100 (12.4)

Missing 8 (1.3) 2 (0.2)

One category 1 PU 48 (54.6) 68 (66.7)

Two category 1 PUs 27 (30.7) 22 (21.6)

Three or more category 1 PUs 6 (6.8) 11 (10.8)

Missing 7 (7.9) 1 (0.9)

Location

Elbow 7 (7.9) 5 (4.9)

Heel/ankle 17 (19.4) 24 (23.5)

Torso 51 (58.0) 65 (63.8)

Mixed 6 (6.8) 7 (6.9)

Missing 7 (7.9) 1 (0.9)

Category 2 PU, n (%)

Patients with category 2 PU 61 (9.9) 39 (4.8)

Missing 8 (1.3) 3 (0.4)

One category 2 PU 50 (72.5) 36 (85.8)

Two category 2 PU 9 (13.0) 3 (7.1)

Three or more category 2 PU 2 (2.9) 0 (0)

Missing 8 (11.6) 3 (7.1)

Location

Elbow 2 (2.9) 4 (9.5)

Heel/ankle 7 (10.1) 9 (21.4)

Torso 49 (71.0) 26 (61.9)

Mixed 3 (4.4) 0 (0)

Missing 8 (11.6) 3 (7.2)

Presence of pressure-related pain (yes), n (%) 379 (61.4) 499 (61.9)

Braden score

Total score range 8–23 9–22

Completely limited (6–11 points), n (%) 17 (2.8) 5 (0.6)

Very limited (12–17 points), n (%) 436 (70.7) 670 (83.1)

No/slight impairment (18–23 points), n (%) 164 (26.6) 131 (16.3)
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the odour scale because they had zero variance; therefore, the results are based on a four- not six-item
scale. No participants in the sample had severe PUs at baseline and these two items assess smell associated
with severe PUs.

Factor analysis
An exploratory factor analysis was performed on items within the six function scales separately from the
symptom items because there were fewer than two people, at least one of the variables had zero variance,
there was only one variable in the analysis or correlation coefficients could not be computed for all pairs
of variables.

The suitability of the data for factor analysis was assessed. The Kaiser–Meyer–Olkin value was 0.530, which
is slightly below the recommended value of ≥ 0.6, but the Bartlett’s test of sphericity reached statistical
significance (χ2 = 10159.415; p < 0.001). Inspection of the correlation matrix revealed the presence of
many correlation coefficients of > 0.30 (all but one item), suggesting that the factor analysis results could
be considered. Five factors were revealed with eigenvalues exceeding 1, explaining 26.52, 4.24, 2.31, 1.63
and 1.36 of the variance, respectively (see Appendix 6, Table 95). The five-factor solution explained a total
of 73.59% of the variance. The factor analysis mostly supported the six-function scale structure.

Within-scale validity
Scaling assumptions were satisfied (see Table 24). The mean inter-item correlations (IICs) for all scales
ranged from 0.355 to 0.744. All item–own-scale correlations were moderate to high [inter-total correlation
(ITC), all > 0.45] for the six function scales, but not the three symptom scales. The corrected ITCs were
> 0.30 (range 0.337–0.803), satisfying the recommended criterion (i.e. > 0.3), except for the odour scale
(corrected ITC range 0.02–0.89). This is not surprising given that symptoms are associated with PUs and
few people had severe PUs in the sample.

Between-scale validity
Correlations between PU-QoL-P and SF-12 scales were generally low to moderate (see Appendix 6, Table 96),
suggesting that PU-QoL-P scales provide distinction constructs (i.e. disease-specific outcomes) from those
measured by the SF-12. Convergent validity was confirmed by significant correlations between hypothesised
scales as expected. As predicted, the PU-QoL-P mobility scale correlated significantly with the SF-12 physical

TABLE 23 The PU-QoL-P reliability and scaling assumptions: within-scale validity

PU-QoL-P scale (n items)

Internal consistency IIC

Scaling assumptions:
corrected ITCan

Cronbach’s
alpha Mean Range

Pain (12) 617 0.864 0.355 0.128 to 0.713 0.364 to 0.642

Exudate (8) 60 0.860 0.451 –0.024 to 0.865 0.337 to 0.824

Odour (4) 61 0.795 0.492 –0.017 to 1.000 –0.017 to 0.893

Sleep (7) 333 0.937 0.682 0.540 to 0.827 0.753 to 0.871

Movement and mobility (9) 177 0.963 0.744 0.593 to 0.928 0.803 to 0.909

Daily activities (6) 186 0.937 0.705 0.476 to 0.900 0.581 to 0.914

Malaise (5) 215 0.915 0.680 0.559 to 0.844 0.669 to 0.846

Emotional well-being (15) 220 0.970 0.681 0.447 to 0.900 0.630 to 0.869

Self-consciousness and appearance (7) 305 0.921 0.645 0.532 to 0.786 0.695 to 0.818

IIC, inter-item correlation; ITC, inter-total correlation.
a Corrected for overlap.
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function and role-physical scales. In addition, as expected, the PU-QoL-P sleep scale correlated significantly
with the SF-12 vitality scale, but, unexpectedly, the malaise scale did not. The PU-QoL-P emotional well-being
and self-consciousness/appearance scales correlated significantly with the SF-12 role-emotional and mental
health scales. The PU-QoL-P pain scale correlated significantly with the SF-12 pain scale.

Known-groups validity

Presence of category 2 pressure ulcer (no vs. yes category 2 pressure ulcer at baseline)
Known-group comparisons were not found to be statistically significant for the group with no category 2
PUs at baseline compared with the group that had category 2 PUs at baseline. However, small to moderate
effect size values were observed for all scales (see Appendix 6, Table 97).

Braden score (completely limited vs. no/slight impairment)
As expected, significant differences were found between completely impaired (M = 49.38, SD = 44.6)
and no/slightly impaired (M = 28.72, SD = 33.0) groups for the mobility scale (p = 0.01), and the effect size
was moderate (0.6). Significant differences were also found between completely impaired (M = 35.56,
SD = 43.2) and no/slightly impaired (M = 14.14, SD = 26.5) groups for the daily activities scale (p = 0.01),
and the effect size was moderate (0.7). All mean scores were higher for the completely limited group than
for the no/slightly impaired group in all six PU-QoL-P function scales (see Appendix 6, Table 98).

Exploratory known groups included pressure ulcer location (torso vs. limb sites)
Higher mean scores were observed in the three symptom and the mobility scales in people with torso PUs
than in those with limb PUs; effect sizes were small (see Appendix 6, Table 99). However, those with limb
PUs reported higher (or worse) mean scores in the sleep, daily activities, malaise, emotional well-being and
self-consciousness scales than those who had torso PUs.

It is important to note that, for all known groups, the samples were small (range 2–31 participants);
therefore, known-groups results are considered preliminary.

Responsiveness to change
In participants who had a category 1 or 2 PU at baseline that healed by visit 30, differences in PU-QoL-P
mean scale scores from baseline to visit 30 were statistically significant for the pain, sleep, malaise, emotional
well-being and appearance/self-consciousness scales, but not for the two physical function scales (Table 24).
All scales showed higher mean scores at baseline in participants who had a category 1 or 2 PU than those
who no longer had a PU at visit 30 (mean change range 4.337–18.569).

TABLE 24 The PU-QoL-P responsiveness to change: PU at baseline compared with no PU at the 30-day final follow-up

Scales (n items) n

Time points, mean score (SD)
Mean
change

Effect
size 95% CI p-valueBaseline Visit 30

Pain (12) 31 27.57 (25.553) 9.001 (16.927) 18.569 0.86 9.637 to 27.493 < 0.001

Sleep (7) 29 27.82 (32.804) 14.03 (23.277) 13.790 0.48 1.655 to 25.899 0.027

Movement and mobility (9) 21 37.86 (36.769) 21.17 (33.085) 16.688 0.48 –7.811 to 41.179 0.171

Daily activities (6) 25 13.67 (28.956) 9.333 (24.244) 4.337 0.16 –10.069 to 18.736 0.540

Malaise (5) 23 21.09 (37.049) 3.913 (13.731) 17.177 0.61 3.705 to 30.642 0.015

Emotional well-being (15) 30 10.17 (20.837) 0.476 (2.608) 9.694 0.65 1.906 to 17.475 0.016

Self-consciousness and
appearance (7)

28 8.67 (19.668) 0.255 (1.350) 8.415 0.60 0.803 to 16.034 0.032
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In participants who did not have a category 1 or 2 PU at baseline, but who developed one by visit 30,
movement, activities, malaise and self-consciousness scale scores were higher at baseline for people with
no PU than for people who developed a PU by visit 30 (Table 25), but these results were not statistically
significant. This finding may, in part, be because this sample was acutely ill at baseline (e.g. immobile and
unwell), placing them at risk of PUs and, consequently, contributing to the PU developing. All other scale
scores were higher at visit 30 than at baseline, suggesting that pain, sleep and emotional well-being is
worse in participants with a PU than in those without a PU (see Table 24). These findings are preliminary
owing to the small sample sizes.

Post hoc analyses
The results from the psychometric analysis suggested modifications that could be made to four of the
PU-QoL-P instrument’s scales. As a result, the following four changes were made: (1) ‘appetite’ was
removed from the malaise scale, (2) ‘intimacy’ was removed from the daily activities scale, (3) ‘helpless’
was removed from the self-consciousness scale and added to the emotional wellbeing scale and
(4) ‘people treat me differently’ was removed from the emotional well-being scale and added to the
self-consciousness scale. These changes were considered to make sense conceptually, and reanalysis of
the psychometric properties supported these modifications. Specifically, following the modifications, the
internal consistency reliability and within-scale construct validity were retained in all four scales, with the
daily activities, malaise and emotional well-being scales’ values for Cronbach’s alpha (range 0.914–0.971
for all four modified scales), IICs (all > 0.502) and corrected ITTs increasing (all > 0.681) (see Appendix 6,
Table 100). Although, for the self-consciousness scale, the Cronbach alpha decreased marginally from
0.921 to 0.914, mean IICs decreased from 0.645 to 0.628 (range from 0.532–0.786 to 0.502–0.795) and
corrected ITCs decreased from 0.695–0.818 to 0.681–0.812; all values remained within acceptable ranges
(see Appendix 6, Table 100). Convergent validity results were strengthened following the modifications.
The PU-QoL-P daily activity scale was significantly correlated with the SF-12 physical functioning and
role-physical scales, both the PU-QoL-P psychological scales were significantly correlated with the SF-12
role-emotional and mental health scales and the PU-QoL-P malaise scale was now significantly correlated
with the SF-12 vitality scale (see Appendix 6, Table 101).

The final Pressure Ulcer Quality of Life – Prevention instrument

The final PU-QoL-P instrument is a researcher-administered PRO instrument, comprising three symptom
scales [pain (12 items), exudate (8 items) and odour (6 items)]; six function scales: four physical functioning
[sleep (7 items), movement and mobility (9 items), daily activities (5 items) and malaise (4 items)] and two
psychological well-being [emotional well-being (15 items) and self-consciousness and appearance (7 items)];

TABLE 25 The PU-QoL-P responsiveness to change: no PU at baseline compared with PU at the 30-day final follow-up

Scales (n items) n

Time points, mean score (SD)
Mean
change

Effect
size 95% CI p-valueBaseline Visit 30

Pain (8) 11 30.37 (27.522) 35.455 (34.676) –5.085 –0.16 –22.166 to 12.000 0.522

Sleep (6) 9 17.26 (23.487) 26.243 (30.829) –8.983 –0.33 –32.791 to 14.828 0.410

Movement and mobility (9) 7 61.79 (48.055) 48.866 (44.792) 12.924 0.28 –3.955 to 29.806 0.110

Daily activities (8) 7 9.64 (16.610) 3.5714 (9.449) 6.069 0.45 –4.596 to 16.739 0.213

Malaise (5) 7 13.21 (24.440) 6.548 (12.697) 6.662 0.34 –8.416 to 21.749 0.321

Emotional well-being (15) 11 11.31 (21.949) 18.375 (31.309) –7.065 –0.26 –24.106 to 9.985 0.378

Self-consciousness and
appearance (7)

11 4.24 (9.898) 2.597 (8.615) 1.643 0.18 –7.771 to 11.061 0.705
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and three single items for itchiness, appetite and global QoL. Patients rate the amount of ‘bother’ attributed
‘during the past week’ on a three-point response scale (e.g. 0 = not at all to 2 = a lot). Scale scores are
generated by summing items and then transforming to a 0–100 scale. High scores indicate greater patient
bother. The PU-QoL-P instrument is intended for interview administration, following a user manual, but
could be self-completed by patients, depending on their preference and ability. It is suitable for use with any
adults at a high risk of PU development receiving preventative interventions in the UK acute and community
health-care settings. Scales can be selected depending on the nature of the research. For example, the
exudate and odour scales are not intended for people at risk of PU development or with superficial category
1 PUs. Electronically defined ‘skip’ questions have been added to assist in selecting scales relevant to each
individual’s circumstance or the exudate and odour scales could be excluded in future prevention trials.

Discussion

The PU field requires a strong evidence base that incorporates assessment of PROs. To fully capture and
quantify patients’ perspectives, appropriately developed and validated PRO instruments are required.
The PU-QoL-P instrument mostly satisfies criteria for reliability, validity and responsiveness in line with
recommended Food and Drug Administration (FDA) guidelines for PRO instruments for use in clinical
trials.91 The ITCs, alpha coefficient and homogeneity coefficient (IIC mean and range) provide evidence
towards the reliability and internal construct validity of the PU-QoL-P scales. The results of the factor
analysis mostly supported the use of the items, as hypothesised, into six function scales, as was suggested
by the results from the original analysis. Some modifications were made to four scales, which were
supported by the retrospective analyses, and the changes made are considered conceptually reasonable.
However, as changes were made to the scales, some might argue that a further set of data should
be collected for further validation purposes. No one test confirms validity; rather, validation of a PRO
instrument is an ongoing process, with the accumulation of clinical validation data building a case for
a particular instrument functioning effectively in a particular population for a specific purpose.103

These findings contribute evidence towards support that people with category 2 PUs experience worse
symptoms and functioning outcomes than those without PUs. People who are also physically limited and
have PUs experience worse mobility outcomes and ability to participate in daily activities than those who
have no or only slight physical impairment. PUs are often a secondary comorbidity and a consequence
of the primary condition that a patient may be experiencing (e.g. immobility due to prolonged bed rest
following extensive surgery). PUs contribute additional impairment in physical functioning outcomes
beyond those experienced from other comorbidities. Furthermore, the exploratory hypothesis testing
suggests that patients with torso PUs experience worse symptoms and more mobility problems, whereas
patients with limb PUs have more problems with sleep quality, daily activities and malaise, have lower
emotional well-being and feel more self-consciousness.

Owing to the small sample sizes in the hypothesised known groups, definitive conclusions cannot be made.
However, trends were observed in scores in the right direction and, in some scales, moderate to high effect
sizes, even though some were not statistically significant. A small sample size affects the standard error,
so large CIs might be expected; however, sample size does not affect means, SDs or effect size. Therefore,
effect sizes are still relevant and informative, even if non-significant correlations are observed, which, in this
case, may be attributed to sample sizes being too small to detect significant differences.

A limitation of the study was scale-to-sample targeting: mean scores were below scale mid-points and
all scales exceeded the 10% criterion for floor effects. However, given that it was intended to recruit an
at-risk population (i.e. few people had category 1 or 2 PUs at baseline, and none had a category ≥ 3 PU),
this finding is expected. The floor effects indicate more homogeneity in the sample than is representative
of the general PU population. However, this study sample is representative of a high-risk PU population,
who may be experiencing pressure area-related pain but do not experience symptoms associated with
severe PUs such as exudate and odour, and the PU-QoL-P version is intended for prevention trials.
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The above limitations do not preclude use of the PU-QoL-P instrument. PU-QoL-P scales can be included as
one outcome measure, among others, for group comparisons in future PU prevention research (e.g. clinical
trials). Work is under way to develop a short form and to test its clinical utility for use in clinical practice.
As the PU-QoL-P was developed and evaluated in the UK, the validity and reliability are characteristics
of the instrument for a specific population (i.e. UK nationals). A language translation or cross-cultural
adaption may be required to ensure that the PU-QoL-P is appropriate for cultures, languages and ethnic
groups outside the UK (see the PU-QoL-P instrument website104 for guidance on language translation and
cross-cultural adaptation processes). Further research is also needed to investigate self-complete administration
mode, and the development of proxy measures and language translations given the prevalence of cognitively
impaired patients with PUs.33,52 Finally, given the small sample sizes for the known-groups and responsiveness
analyses, these analyses could be repeated in larger samples. The process of modifying a newly developed PRO
instrument is part of an evolving, ongoing measurement process intended to strengthen the hypothesised
conceptual relationships with empiric evidence.97 The usefulness of new measures is therefore demonstrated
by multiple applications in different studies (accumulative body of evidence to support scale measurement
properties).

Conclusions

The PU-QoL-P instrument provides a means of comprehensively assessing of PU-specific PROs and for
quantifying the benefits and harms of PU preventative interventions from a patient’s perspective, thus far
lacking in the area. PRO assessment needs to become more commonplace in the PU field so that the goal
of PU prevention and management can be to enhance and maintain the HRQoL of people at risk of or
with PUs. The PU-QoL-P is a tool with which to evaluate whether or not PU preventative interventions and
the health care given achieve this, outcomes that are ultimately best judged by patients themselves.
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Chapter 7 Discussion

Summary of findings

Clinical effectiveness
Overall, only 7.9% of participants recruited to the PRESSURE 2 trial developed one or more new category
≥ 2 PUs and there was no evidence of a difference between mattress groups (absolute difference 2.0%;
APM, 6.9% vs. HSFM, 8.9%). Similarly, for all other end points there was no evidence of a difference
between mattress groups, with the exception of the development of new category ≥ 2 PUs in the
treatment phase sensitivity analysis (absolute difference 2.6%; APM, 5.2% vs. HSFM 7.8% in the
ITT population).

It is not clear why the treatment phase benefit seen in the APM arm was not maintained, but it appears
that the main benefit of APM over HSFM was a delayed onset of new PUs during the treatment phase
(median time to first PU was 18 days in the APM arm vs. 12 days in the HSFM arm), which was
not sustained.

The PRESSURE 2 trial is the largest RCT undertaken worldwide and the results are consistent with the study
by Vanderwee et al.,30 who reported new category 2 PU incidence rates of 15.3% for APM and 15.6% for
HSFM plus turning. The PRESSURE 2 trial provides ≈80% of the data for the comparison of APMs with
HSFMs, with 160 events in 2029 patients, whereas Vanderwee et al.30 provided data on 69 events in
447 patients. The increased available evidence suggests no difference between mattress types; this needs
to be confirmed through meta-analysis.

Cost-effectiveness
Within the health economics analyses, the ITT analyses found APM to be the most cost-effective strategy.
However the results were not robust to the sensitivity analyses. In particular, the complete cases found
HSFM to be cost-effective. In addition, the difference between the QALY gains of the two arms was very
small (≈0.001) equating to around half a quality-adjusted life-day in both the within-trial and the lifetime
model analyses. Similarly, the difference between the costs accrued in each arm was relatively modest,
with few cost categories showing a statistically significant difference between the arms (see Appendix 5,
Tables 80–82). Of interest, the difference in cost between the two mattresses was statistically significant,
with the APM attracting a higher mean cost (£28.80) than the HSFM (£1.05) (p < 0.001); however, these
costs represented only a small proportion of the total mean costs. In fact, the cost driver for both arms
was, as anticipated, inpatient stays and no statistical difference was observed in these costs between the
two arms (mean cost £2810.08 for APM vs. £2888.68 for HSFM; p = 0.54) (see Appendix 5, Table 80).

Photography substudy
In relation to the photography substudy, results indicate very good levels of agreement between clinical
assessment by CRN/Ps and the expert photographic review and between the independent clinical assessor
and expert photographic review. Overall, 84.3% of participants consented at trial recruitment to photography
and only small numbers at follow-up subsequently refused.

Pressure Ulcer – Quality of Life – Prevention
The PU-QoL-P instrument substudy suggests that the PU-QoL-P mostly satisfies criteria for reliability, validity
and responsiveness, in line with recommended FDA guidelines for PRO instruments for use in clinical trials,91

with modifications recommended. The QoL findings contribute evidence towards support that people with
category 2 PUs experience worse symptoms and functioning outcomes, including worse mobility and ability
to participate in daily activities, than those without PUs. The exploratory analysis suggested that patients
with torso PUs experience worse symptoms and more mobility problems, whereas patients with limb PUs
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have more problems with sleep quality, daily activities and malaise, have lower emotional well-being and
feel more self-conscious.

Key clinical and methodological issues are discussed in the following sections.

Clinical interpretation

Interpretation of the results is complex, in terms of implications for clinical practice, for a number of
reasons. First, the event rate was much lower than expected and all differences observed were small. A key
question for practitioners is whether or not the overall group differences of 2% in the primary end point
and the 2.6% group difference in the treatment phase sensitivity analysis is clinically important when PU
incidence rates are low (7.9% and 6.5%, respectively). The difference equates to a number needed to
treat of 50 patients for the primary end point and 38 for the treatment phase end point. That means that,
in the treatment phase, for every 38 patients allocated an APM, one patient will benefit.

Second, > 10% of participants allocated to APM either refused to change to the APM after randomisation
or requested a mattress change because of comfort (118/1017, 11.6%) compared with 3.9% (40/1013)
of participants allocated to HSFM. After allocation of mattress, 22.1% (49/222) of participants changed
from APM for the first time to aid movement/rehabilitation (patient or ward led) compared with 2.3%
(5/220) of participants who changed from HSFM for the first time for the same reason.

Third, data suggest that frequency of repositioning reduced over time and, as the treatment phase
progressed, participants allocated to APMs were repositioned less frequently than participants allocated to
HSFM (see Figure 9).

A key question by members of PURSUN during a results interpretation event was ‘given the low incidence
and the disadvantages of APMs in terms of impact on independent movement and comfort, who will
benefit most from APMs?’. The moderator analysis (see Figures 5–8) was included in order to explore the
potential benefit of each mattress on patients with known PU risk factors. The analysis suggests that
patients who benefit most from APM versus HSFM appear to be those who are completely immobile,
have altered skin or PU of category 1 at baseline, have a nutritional problem and those who lack capacity
and participate through consultee agreement. In a PU conceptual framework, developed on the basis of
epidemiological evidence, immobility, skin condition and tissue perfusion are categorised as direct causal
factors, whereas nutritional deficit is classified as an indirect causal factor that impacts on skin condition
and tissue perfusion.9 Lack of capacity is not specified in the conceptual framework but was discussed during
its development45 because it was hypothesised that it is a surrogate marker for both direct (immobility) and
indirect (sensory perception and response) causal factors affecting repositioning self-care, stimulus to move
and ‘compliance’ with repositioning.45 Direct application of this analysis to practice must be undertaken with
caution as it was exploratory, but the results suggest that the impact of altered and category 1 skin status,
complete immobility, nutritional deficits and the vulnerability afforded by lack of capacity may be modifiable
as risk factors through the use of the APMs, providing marginal gains over HSFMs.

Low event rate

The overall event rate of category ≥ 2 PUs of 7.9% for this participant population was considerably lower
than the 2011 grant application sample size estimate, based on a PU incidence rate of 20.5% (APM 18%
vs. HSFM 23%), determined by consideration of a range of studies27,105 and two relatively contemporary
research studies involving this patient population.33,38 PRESSURE 133 recruited inpatients between 2001
and 2004 and was a RCT comparing APM overlays with APM replacements (i.e. all participants received
an APM) and the incidence of new category 2 PUs was 10.5% overall and 17.7% in acute patients.

DISCUSSION
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The pain cohort study38 recruited acutely ill hospital and community patients between 2009 and 2011 and
reported that 25.2% of patients developed a new category 2 PU.

A key question regarding the lower than anticipated PU incidence rate is whether this was because the
patient population was ‘low risk’ owing to issues around selection bias and equipoise and/or whether it
reflects general improvements in clinical practice resulting from national-level PU improvement targets.

In terms of a low-risk population, the screened and randomised populations were similar in respect of age,
setting, gender and ethnicity (see Appendix 4, Tables 68 and 69). Of the 15,277 patients screened, the
most unwell 1623 (10.6%) were excluded (i.e. it was ethically inappropriate or they felt poorly or unwell);
however, the patient population were all acute inpatient admissions, characterised by old age (mean 78.0
years, median 81 years), high levels of pre- and post-randomisation falls (44.8% and 15.3%, respectively)
and being at risk on the Braden Scale31 (92.6%) and the PURPOSE-T (98.7%). In addition, adverse skin
status at baseline included 11.6% of participants with an existing category 1 PU, 7.1% with a category 2
PU and 53.4% with pain on a healthy, altered or category 1 skin site.

In comparison with the pain cohort population, who had a PU event rate of 25.2%, the study populations
were similar in age (pain cohort mean age 77.3 years, median age 80 years). The PRESSURE 2 trial had a
higher proportion of participants assessed as being at risk on the Braden Scale31 (pain cohort 72.9%), but
a considerably lower proportion of participants with an adverse skin status at baseline (pain cohort 35.5%
with an existing category 1 PU, 23.3% with a category 2 PU, 4.1% with a category ≥ 3 PU and 77.1%
with pain on a healthy, altered or category 1 skin site).38

In comparison with the PRESSURE 1 trial combined acute and elective participant population (who had an
overall PU incidence of 10.5%), the PRESSURE 2 trial recruited a slightly older population (PRESSURE 1 trial:
mean age 75.2 years, median age 76 years), a slightly lower proportion of participants with a category 1 PU
at baseline (PRESSURE 1 trial: 15.6%) but a higher proportion of participants with a category 2 PU (PRESSURE
1 trial: 5.7%).33 A key difference between the two trials is that the PRESSURE 1 trial recruited participants
within 24 hours of admission, whereas an unexpected population characteristic in the PRESSURE 2 trial
was that the pre-trial duration of hospital stay was a mean of 13 days (median 7 days, range 0–388 days).
As the incidence of PU development is highest in the first 2 weeks following admission, the stage at which
participants were recruited may have affected PU event rates. However, it is also noteworthy that, in contrast
to other prevention trials,27,30 in the PRESSURE 2 trial a small but clinically important minority of 32 (1.6%)
participants developed 40 new category 3 PUs.

In terms of mental capacity, screening data from the PRESSURE 1 trial and the pain cohort suggests that
the screened population in this study may not be representative of patients at high risk of developing PUs.
The PRESSURE 1 trial reported that 39.7% of participants were unable to provide informed consent and in
the pain cohort, 24.1% of the screened population were reported to lack capacity, compared with 18.7%
of those eligible for the PRESSURE 2 trial.33,38 However, the actual proportion of participants recruited
through consultee agreement was higher in the PRESSURE 2 trial (15.9%) than in the previous study in
which consultee agreement was obtained (PRESSURE 1 trial: 4.4%33,52). The inclusion of participants who
lack capacity is important, and it was argued that, as there is an element of self-care in repositioning, it
was important to include participants who lacked capacity to ensure generalisability. This was evidenced in
the results that highlight the poorer outcomes for participants who lack capacity than for participants with
capacity in terms of development of PUs of category ≥ 1 (see Table 10) and category ≥ 3 (see Table 11)
and for the development of PUs of category ≥ 2 in those allocated to HSFM (see Table 8 and Figures 5–8).
It is also noteworthy that participants who provided witnessed verbal consent had a higher incidence of PUs
of categories 1, 2 and 3 than those who provided written, informed consent (see Tables 8, 10 and 11); it is
suggested that this is also a surrogate indicator of reduced mobility.
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From an equipoise perspective, although there were similar numbers of screened patients allocated to
APMs and HSFM by ward staff (n = 7640, 50.0%, and n = 7462, 48.8%, respectively), more patients were
excluded as the patient or ward staff did not want to change from their existing APM. There was a greater
imbalance in the randomised population, with pre-randomisation allocations by ward staff of 42.8% to
APM and 56.6% to HSFM (see Appendix 4, Table 68). However, this is only marginally lower than the
48.5% APM allocation by ward staff in the pain cohort participant population.

In terms of impact of general improvements in practice resulting from national targets, these are difficult to
elicit from national monitoring such as the Safety Thermometer,106 because of problems of data accuracy4

and difficulties in interpretation of adverse event data.107,108 However, a key difference between the
PRESSURE 2 trial event rate and the pain cohort is that, not only are there fewer participants with an
adverse skin status at baseline, but the proportion of participants with a category 1 PU at baseline who
subsequently developed a new category 2 PU was much lower in the PRESSURE 2 trial (11.4%) than in
the pain cohort study (36.3%).

Overall, the conclusion drawn is that the patient population was indeed characterised by high risk and that
the low incidence rate was a result of the prevailing improvements in PU prevention care in the inpatient
settings that participated in the trial.

Sample size

A maximum of 588 events (patients developing a new category ≥ 2 PU), corresponding to 2954 participants,
were required for the study to have 90% power to detect a difference of 5% in the incidence of category
≥ 2 PUs between APM and HSFM, assuming an incidence rate of 18% on APM and 23% on HSFM,
two-sided significance level of 5% and accounting for 6% loss to follow-up. The 5% absolute difference
translated to a 24.4% relative difference (absolute difference of 5%/overall event rate of 20.5%) and a
hazard ratio of 0.759.

The trial recruited participants more slowly than anticipated originally, leading to a smaller sample size than
the planned maximum sample size (2030 compared with 2954), and was therefore underpowered for
detecting an absolute difference of 5% at an overall event rate of 20.5%. In addition, the overall event
rate was also far lower than originally anticipated (7.9% compared with 20.5%).

Two extension request scenarios were submitted. The first was a fully costed extension request of 14 months
to continue recruitment to demonstrate superiority of either mattress for the revised clinically relevant
difference of 3.3%, centred on an event rate of 10% with at least 80% power, and to estimate the
treatment effect under the assumption of futility with a clinically meaningful improvement in precision.
The second was a 6-month extension (requiring no additional HTA programme funding) with the expectation
that at least 1996 patients would be recruited and that, although underpowered, it would improve the
precision of the estimated treatment effect by at least 3% compared with the trial stopping at the originally
planned timescale. The HTA programme approved the 6-month (no additional funding) extension rather
than the fully costed extension on the basis that the latter was not seen to be value for money, taking into
account the low improvement in precision.

After the interim analysis, the TMG was informed that the event rate was lower than expected and a
range of scenarios were considered to inform further discussions with the oversight committees. The TMG
noted that the difference relative to the overall event rate was also important when considering the event
rates rather than just the absolute difference. Scenarios of the overall event rate centred at 5%, 10%
and 15% were considered. The TMG came to a consensus that a relative difference of 33.3% centred
on an overall event rate of 10%, corresponding to an absolute difference of 3.3%, was considered to be
clinically meaningful and the preferred minimum clinically relevant difference. If the overall event rate was
5%, a relative difference of 50%, corresponding to an absolute difference of 2.5%, was considered to
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be clinically meaningful and the preferred minimum clinically relevant difference. The TMG also concluded
that, with an overall event rate of 5%, a relative difference as small as 40%, corresponding to an absolute
difference of 2%, was not considered to be of clinical relevance and that, at these event rates, the
decision over which type of mattress to manage a patient on would be based on patient choice, cost and
clinical judgement, including factors such as rehabilitation need and self-care considerations.

A HR of 0.76 was observed in the primary analysis of the primary end point, which is in line with the
expected HR in the original sample size. However, as the corresponding relative difference was 25.3%,
centred on the overall event rate of 7.9%, the a priori discussions with the TMG suggest that this is not
considered to be a clinically relevant difference.

In the treatment phase sensitivity analysis, the estimate of the HR was 0.66; the corresponding relative
difference of 40%, centred on an overall event rate of 6.5%, may be considered clinically relevant.
However in light of the a priori discussion with the TMG, as the overall event rate is low, mattress
provision should also be guided by patient choice, clinical opinion and consideration of risk factors for
which APMs may have a potential benefit, for example patients with altered or category 1 PU skin,
patients who are completely immobile or lack capacity to consent or those with nutritional problems.

Risk factors

The fact that risk factors were found to be predictive of PU development is in line with previous work and
adds to the growing body of evidence that a key risk factor in immobile patients is skin status.8,18 In all
adjusted analyses, the presence of a category 1 or 2 PU at baseline was statistically significant in the model
(see Tables 8, 10 and 11).

Other factors important in determining outcome in the adjusted analysis for both the category 1 and 3 end
points included type of consent and the presence of pain on a healthy, altered (or category 1) skin site.
In addition, setting was found to be important in the category 1 model and presence of condition affecting
the peripheral circulation in the category 3 model (see Tables 10 and 11).

Usual care

A strength of the study is that data were collected in order that standard care (in terms of efforts made
to minimise exposure to mechanical load) in the study population could be characterised. This is the first
mattress RCT to provide a detailed description of standard care provision for the patient population27

and will support interpretation and wider application of study findings.

It is noteworthy that 99.6% of participants had an electric profiling bed, as this was a requirement of the trial,
and in a population at baseline for which 42.8% of participants were allocated an APM, approximately one
in six participants were repositioning more frequently than every 2 hours, whereas 1 in 20 participants were
repositioned less frequently than every 6 hours (which is not in line with good practice recommendations).8,12

Moreover, although one in four participants were confined to bed, one in five of the study population sat out
in a chair for > 8 hours a day and 27.6% of those sitting out had a standard chair with no specialist cushion.
Adjuvant devices (such as heel off-loading devices and dressings) were used in one in seven participants.
A limitation of the data is that the time durations for repositioning and sitting were estimated from a
combination of information including patient self-report, staff report, health-care records and observation,
and the reliability has not been assessed.

Standard care interventions were also recorded during the treatment phase of the study and a mediator
analysis was planned, but could not be undertaken because of the lack of available methods when there are
competing risks (see Chapter 2, Final analysis; Mediator analysis). It is noteworthy that participants in the
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APM arm appeared to be repositioned more frequently than those in the HSFM arm; these data will be
explored in more detail in planned work for the future and inform the development of a realist evaluation109

to further inform trial interpretation.

A limitation of the trial is that the discharge date for all trial participants was not collected, as this
was recorded on the health resource utilisation questionnaire, and, in line with other inpatient trials,27

post-discharge mattress provision was not recorded. The large proportion of mattress changes during
ward transfers and the incidence of PUs from the end of treatment to 30-day final follow-up does indicate,
however, that work is required to improve continuity of care as patients transition through services110

and further supports the appropriateness of the treatment phase sensitivity analysis.

Compliance

Overall, mattress compliance was good, with 81.5% of participants on their allocated mattress within
2 days of randomisation for each treatment group. The median time spent on the allocated mattress was
high and only 9.3% (n = 94) of those randomised to APM and 10.9% (n = 110) of those randomised to
HSFM did not receive their allocated mattress at any point during the treatment phase. As a result,
compliance was better than expected compared with the PRESSURE 1 trial.33 Delays in randomised mattress
provision were mainly logistical and, when participants were not allocated their mattress on the day of
randomisation, they were, typically, on the alternative mattress pre randomisation.

In total, 158 participants decided, after randomisation, that they did not want to move onto their allocated
mattress or requested a mattress change from their allocated mattress. There was an imbalance in this
between the two groups: 118 (5.9%) participants randomised to APM and 40 (2.0%) participants
randomised to HSFM did not move or requested a change.

Conversely, there were 238 participants whom ward staff decided after randomisation that they did not
want to move onto their allocated mattress or who requested a mattress change from their allocated
mattress for clinical reasons. This was imbalanced between the two groups: 52 (21.8%) participants
allocated to APM and 186 (78.2%) participants allocated to HSFM were not moved onto their allocated
mattress or had a change of mattress requested for clinical reasons.

In general, more participants were moved from the APMs to HSFMs for comfort and to aid rehabilitation
(reflecting the wider literature)23,32,34,52 and more participants were moved from HSFMs to APMs because
of a deteriorating clinical condition.

From a clinical practice perspective, a large number of mattress changes resulted from ward moves.
Of the first mattress change after the randomised mattress was received, 40 (18%) changes from APM and
20 (9.1%) changes from HSFM were due to a ward move. Overall, there were 442 (21.8%) participants
who had 1320 mattress changes during the course of the treatment phase, although 606 (45.9%) were
instigated by the CRN/P to maximise trial compliance. This reflects a lack of continuity during ward transfers,
reported in previous research.110

Safety

Overall, no safety concerns were indicated for either APMs or HSFMs. There were no RU SAEs and only
three mattress-related events, none of which was classified as serious.

The proportion of deaths was similar in both trial arms (APM 8.1% vs. HSFM 8.3%) and consistent with a
previous trial.33 There was a difference between re-admission rates (APM 8.1% vs. HSFM 6.1%), but no
re-admissions were reported as being mattress related.
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The participant population was characterised by high levels of falling in the month preceding randomisation;
these levels are in line with those reported in the 2015 national falls audit.111 Concerns expressed by patients
in previous research about feeling unsafe on APMs32,33 were not reflected in falls, with 14.9% (n = 152) of
participants in the APM arm and 15.7% (n = 159) of participants in the HSFM arm reported to have fallen,
with similar numbers on the allocated mattress at the time of the fall and a high proportion of total falls
(n = 486) occurring after the treatment phase (62.3%, n = 303). The fall rate for the number of participants
who had a fall is consistent with those reported in acutely ill hospital populations;112 however, the proportion
of total falls that resulted in serious injury (5.6%, 27/486) is similar to the 5% rate reported in older people in
community-dwelling settings and much lower than the reported 10–25% for institutional falls resulting in
fracture, laceration or need for hospital care.112

Health economic methodological considerations

Small differences in utility values derived from the EuroQol-5 Dimensions, three-level version (EQ-5D-3L),
have often been attributed to a lack of sensitivity in the instrument.113 In an attempt to address this, the
EQ-5D-5L was used. The EQ-5D-5L was developed to improve sensitivity.64 However, recent preliminary
evidence suggests that use of the EQ-5D-5L rather than the EQ-5D-3L ‘causes a decrease in the incremental
QALY gain from effective health technologies and therefore technologies appear less cost-effective’.113

Despite the current uncertainty in the choice of EQ-5D-5L measure, a strength of this analysis is the use of
data collected using the PU-QoL-UI, a preference-based measure developed to assess the impact of PUs on
HRQoL.37 The sensitivity analyses using this measure produced similar results to the primary analyses, giving
the research team confidence in the results and the conclusions drawn.

Although the APM dominates the HSFM in all base-case scenarios (i.e. within-trial and long-term analysis),
the difference in terms of QoL between the two types of mattresses is negligible (less than half a day for
the within-trial model and 11 days of full health for the long-term model); it could be argued that this
could be seen as a zero random effect. Despite the probabilistic sensitivity analysis of both the within-trial
and the long-term models suggesting a > 50% probability of APM being cost-effective, the slight
difference in the QALYs suggest that the results should be viewed with caution. In terms of costs alone,
however, both analyses suggest that using APM would be the less expensive option.

The analyses are limited by a number of factors, not least the under-recruitment, discussed in more detail
later in this chapter, and the high proportion of missing data. The base-case analyses mirrored the methods
used in the clinical analyses, using ITT. However, primarily because of missing EQ-5D-5L data, the number
of complete cases was relatively small (n = 267) compared with the overall sample of the study (n = 2029),
which, despite adjustment at baseline and imputation, is a limitation of the study. To address this, the
analysis was conducted under the assumption that missing data were MAR, based on a descriptive analysis
performed on the missing data. Visual and logistic regression analyses indicated that the data were unlikely
to be MCAR. Although MAR was a plausible assumption, it is recognised that MNAR cannot be completely
ruled out as some variables relevant to the economic data are unknown, which may affect the results.

When modelling the long-term cost-effectiveness, there is a risk of structural uncertainty – that an excluded
clinical pathway could change the results.114 This is important here as, over the time of the trial, there was a
shift from HSFM provision as the minimum standard of provision for all inpatients to substitution of HSFM for
hybrid foam and self-adjusting air-cell mattresses to reduce the use of APMs. As noted in Research delivery,
Identifying centres prepared to randomise to high-specification foam mattresses, technology shift is an
ongoing issue in medical device trials52 in the current regulatory environment, which does not require
evidence of effectiveness prior to product marketing.43

No previous cost-effectiveness analyses were identified that had modelled long-term cost-effectiveness in
this area (e.g. Padula et al.,115 model for 1 year from admission to hospital). For both the VOI for the interim
analyses and the final, long-term cost-effectiveness modelling, the model structures were validated and

DOI: 10.3310/hta23520 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 52

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Nixon et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

91



discussed with the clinical trial team. The structure of the model was adapted between the two analyses
to incorporate additional information from the trial, which allowed a more detailed patient pathway.
Specifically, the model also added a stage to account for one PU developed in hospital that was not
included in the VOI. In addition, the trial included a 30-day post-treatment phase follow-up assessment.
It is well documented that a PU can take up to 22 weeks to heal, with implications for the amount of
resources required to treat it and the impact on the QoL of the patient. This additional measurement gave
further information regarding the potential long-term implications of the two analysed mattresses.

Trial methodological considerations

The trial was planned as a double-triangular group sequential trial, which is considered an efficient design
as it allows for the possibility of early stopping if superiority of either mattress has been demonstrated
or if the trial proves to be futile. Therefore, the trial design optimised the potential for producing clinical
evidence on the effectiveness of the mattress earlier than in a conventional fixed design. A conclusion of
futility was also considered an important outcome for the trial as both mattresses are currently used in
clinical practice. Stopping boundaries on a group sequential trial provide statistical guidance to the DMEC
on the recommendations for stopping the trial early; however, other factors, including mattress compliance,
participant safety, cost-effectiveness and other information external to the trial, were considered in order to
make a fully informed decision on the future progression of the trial.

Moreover, the trial utilised an early primary end point, time to developing a PU of category ≥ 2 to a
maximum of 90 days post randomisation, thereby allowing stopping of the trial in a timely manner.

The primary end point required close monitoring in order to plan when a prespecified interim analysis needed
to be conducted. A benefit of the close monitoring allowed the overall event rate, centred across both
mattress arms, to be reviewed against the original trial assumptions. It was considered important to report the
estimate of the overall event rate to the DMEC at the scheduled meetings to allow recommendations to be
made to the TSC and, subsequently, the funder on future design modifications. The uncertainty of the overall
event rate and the impact this has on the accuracy of the power for detecting the prespecified treatment
effect led to the funder requesting an unplanned early interim analysis. The recommendations following the
unplanned interim analysis were to continue recruiting to the trial; however, the overall event rate observed
led to discussions with the TMG on revised minimum clinically relevant differences between mattresses for
varying centred event rates. These discussions acknowledged that the event rate was lower than originally
assumed but the actual overall event rate observed at the interim analysis was not disclosed, thereby
mitigating the risk of any operational bias in the future conduct of the trial. The output from these discussions
informed the final target sample size of 1996 participants to be recruited with a 6-month recruitment
extension, which allowed a target clinically relevant difference of 4% to be detected with at least 80%
power, assuming an overall event rate of 10%.

Observing a lower event rate than originally assumed resulted in not reaching the required number of events
to conduct the first planned interim analysis; therefore, the trial was modified to a fixed design with one
final analysis.

The unplanned interim analysis did not account for competing risks and also deviated from the assumption
of proportional hazards. However, the estimate of the treatment effect observed in the piecewise Cox
model and also in the sensitivity analysis conducted on the treatment phase supported the final primary
end-point analysis results. The difference was not statistically significant at the point of conducting the
interim analysis, suggesting that it was worthwhile to continue the trial following the interim analysis.

A large number of data were reported for 14 skin sites (plus other skin sites identified post hoc) with
repeated assessments over a maximum of 90 days post randomisation. All of these data were then
reduced into one record per participant, reporting whether or not the participant developed a new PU of
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category ≥ 2 (i.e. the end point) and the corresponding time to development (or competing risk/censoring).
Therefore, although this was a clinically meaningful end point, the multilevel nature of the data arising
from skin sites nested within participants and assessed at repeated time points is ignored. This means that
potentially important information, such as intermediate changes in skin status, multiple events and other
risk factors, fails to be taken into account in the end-point derivation.

The primary end point was defined as time to developing a PU of category ≥ 2 to a maximum of 90 days
post randomisation, with a sensitivity analysis conducted on the time to developing a PU of category ≥ 2
during the treatment phase. Interpretation of the trial results is first and foremost based on the analysis of
the primary end point, with the sensitivity analysis used to support these findings. Therefore, the results
of the sensitivity analysis would always be reported together with those from the primary end-point analysis.
The sensitivity analysis was driven by discussions with clinical research staff, who thought that the PU
development during the treatment phase was clinically important because factors such as discharge plans
could affect PU development at 30 days post treatment.

This is the first study to include a longer-term post-treatment phase follow-up perspective.27 It could be
argued that the primary end point should have been the shorter-term end point of time to developing a
PU of category ≥ 2 by the end of the treatment phase, with the 30-day final follow-up as the primary time
point for the cost-effectiveness evaluation. This could be considered a more clinically meaningful time
frame owing to the majority of participants (132/160, 83%) developing their new category ≥ 2 PUs during
the treatment phase, the relevance of the outcome to the institution providing the mattress intervention
and the different patient pathways following the treatment phase and associated discharge. In addition,
the long interval between the end of the treatment phase and follow-up at 30 days will have resulted in
imprecise reporting of the actual date a PU developed during this time period. However, the longer-term
outcome provides a realistic estimate of effectiveness within current NHS inpatient and community
services. The pros and cons of the primary end-point definition options require further consideration for
future trials.

Research delivery

Overall, trial conduct within the NHS research teams was good, with NHS centres returning high-quality
data, better than expected intervention compliance and lower than expected losses to follow-up. The
centre variation in recruitment and, in particular, recruitment to the top six centres was a reflection of both
local CRN/P provision and ‘top-up’ trial-funded CRN/Ps at centres with evidence of available patients and
capacity/ability to expand the research team.

There were five main challenges for the delivery of the PRESSURE 2 trial within the NHS clinical service and
research infrastructure. This are outlined in the following sections.

Patient population
The PRESSURE 2 trial participants were hard-to-reach inpatient admissions with acute illness, located
across multiple hospital wards including acute admission units, medical, elderly, orthopaedics and trauma,
vascular surgery and rehabilitation wards. Of those patients screened, 13.3% were recruited (see Figure 2),
reflecting a high workload required for ‘walking the wards’ to screen and consent. It is important to note,
however, that, where there was dedicated well-managed CRN/P infrastructure, recruitment was delivered
at the rate expected and planned in the grant application.

Identifying centres prepared to randomise to high-specification foam mattresses
Although NICE guidelines12 clearly identify the absence of evidence to support the use of high-technology
mattresses such as APMs, they are in widespread use. Reporting of PU prevalence and incidence by trusts
to commissioners through the Commissioning for Quality and Innovation (CQUIN) framework21 and
performance-related payments and penalties have created a risk-averse culture; local policies have been
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developed advocating APMs for all high-risk patients, despite the lack of evidence or mandated guidance
from NICE.12 Trusts with such policies were unwilling to take part in the trial.

A second issue that limited NHS trust/health board participation was a shift from HSFM provision as
the minimum standard of provision for all inpatients to trust-wide substitution of HSFM for hybrid foam
and self-adjusting air-cell mattresses to reduce the use of APMs. These mattresses are provided to the
NHS without RCT evidence of effectiveness compared with current standard care (HSFM or APM).12,27

Technology shift is an ongoing issue in medical device trials52 in the current regulatory environment,
which does not require evidence of effectiveness prior to product marketing.43

Working with research-naive local principal investigators
The majority of local principal investigators (PIs) were clinical nurse specialists, many of whom were
new to the role of PI. In some centres, the tissue viability nurses were supported by their research and
development/network teams in working through feasibility and securing service support costs (SSCs).
Intensive support was also provided to promote understanding of basic research principles and practical
support was provided through one-to-one sessions to talk through the IRAS registration, feasibility
questionnaire completion and site-specific information completion.

For some, however, the challenges of their day-to-day working environment prohibited them from taking
forward the trial in a role in which research is not a core function. Barriers include lack of senior nurse
support, limited personal computer (PC) access (i.e. sharing desk space and/or PCs) and a lack of support
in securing CRN/Ps through SSCs (see following section).

Securing clinical research nurse/registered health-care professional infrastructure
The trial was undertaken during a transition period in the allocation of research funds for CRN/Ps. At the time
of the grant application, the NIHR costing model, ARCO,116 was in place and this meant that follow-up activity
was classified as a SSC that was funded through NIHR Clinical Research Network allocations to NHS trusts/
health boards. It was originally estimated that 15 CRN/Ps were required (80% through SSC and 20% through
research grant funding) across 20 centres to accrue 2954 participants in 33 months, but securing the SSCs
required negotiation with individual NHS trusts/health boards. This meant that some trusts/health boards
were unable to take part in the trial. In addition, although each trust/health board received a research grant,
funding per-patient payment, the majority of this funding was not invested directly in the local CRN/P team.

At no point during the recruitment period were the required levels of CRN/Ps allocated by the participating
trusts, even when the number of centres was doubled, until the research team were able to use research
grant savings to top up the CRN/P allocations in the top recruiting centres. [Please note that under the new
AcoRD (attributing the costs of health and social care research and development) guidelines,117 the follow-up
activity would be classified as a research cost as the follow-up is not a part of individual patient clinical
management and so, in future trials, it is not expected that this barrier would have the same impact.]

An advantage in trial set-up was that some trusts had managed teams of CRN/Ps, for which the CRN/Ps were
not ‘tied’ into specific specialty portfolios and were able to support the trial. In trial delivery, performance of
both individual CRN/Ps and managed teams was mixed. It was more straightforward when a CRN/P was
dedicated to PRESSURE 2 trial performance management by the local PI or manager than when CRN/Ps did
not have ring-fenced time and were delivering a large number of competing studies. In the latter centres,
it was difficult to establish the true whole-time equivalent (WTE) SSC allocation to the PRESSURE 2 trial and,
based on their reported WTE, these sites did not recruit efficiently.

Recruitment difficulties
Participant recruitment per WTE CRN/P was lower than expected, based on previous work.38,52 In the grant
application, it was estimated that 40% of patients screened would be eligible and that, of these, 50%
would consent (i.e. overall, 20% of patients screened would be randomised). In September 2014, it was
identified that only 29% of patients screened were eligible and, of those, 36% had consented (10% of
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patients screened were randomised). As this issue was identified early in the recruitment phase, steps were
taken to improve the recruitment rate per WTE CRN/P; such steps included workshops with the CRN/Ps
focused on efficient screening approaches, relative assent and simplifying trial description, CRN/Ps
shadowing experienced PIs, provision of a short-hand patient information leaflet [see the project web
page: www.journalslibrary.nihr.ac.uk/programmes/hta/113633/#/ (accessed 20 November 2018)], a
reduction in the number of follow-up questionnaires, supplying performance data to each trust/health
board and NIHR Clinical Research Network Research Delivery Manager, and use of research grant funding
to increase the CRN/P posts in the top six recruiting centres. This improved participant recruitment per WTE
CRN/P, increased the proportion of participants recruited using consultee agreement and increased the
proportion of those screened and recruited to 13% by the end of the trial period.

Photography substudy
A strict protocol was in place for the photography of skin sites, including camera specification, secure
transfer of photographs to CTRU, use of a greyscale card and calibration of photographs for central
review, and randomly ordering and naming photographs to maintain blinding during review.

The final sample size for the photography substudy was smaller than expected at the point of designing
the trial. This was because the accrual of participants and the event rate was lower than expected and the
consent rate was not incorporated in the original sample size estimate.

Overall, the reliability of photography as a tool for blinded assessment in PU trials compared with the
current gold-standard expert clinical assessment for the assessment of PUs of category ≥ 2 was found
to be ‘very good’. A strength of the work is that agreement from a large number of individual paired
assessments was analysed, whereas other studies have utilised multiple assessments of a small number
of photographs.79,80

There were varying levels of confidence in the assessment of photographs and further work is required to
explore whether or not the confidence levels varied by skin site.

In line with other inter-rater reliability studies,118–120 which compare clinical assessments undertaken by
expert assessors, there was ‘very good agreement’ between the independent assessor and CRN/P in their
clinical assessment. A strength of this analysis (compared with the wider literature) is the balance of skin
sites assessed as normal/altered/category 1 and PUs of category ≥ 2, as prevalence affects interpretation
of agreement.

A sensitivity analysis was planned to assess the impact on the results of conducting a blinded assessment
through photographs; however, this was not possible at the stage of the analysis. The primary end point
was derived through repeated assessments of the skin; however, only one photograph was taken per PU
of category ≥ 2. Therefore, a sensitivity analysis would have been conducted on the primary end point
rederived using most of the original data and one photographic assessment of one skin site that would
then be collapsed into a single end point. This was not considered an appropriate sensitivity analysis.

The research team set out to assess the potential for over-reporting and under-reporting of PUs of
category ≥ 2, but this cannot really be assessed as central photographic review is not the gold standard.
Rather, the research team were trying to establish if there were differences between the arms in the
agreement between blinded photography central review and unblinded clinical assessment that would
suggest systematic bias in under- or over-reporting. Overall, ≈15% of clinically assessed PUs of category
≥ 2 were assessed as normal, altered or category 1 by blind central photographic review and CIs for the
proportion of agreement of PUs of category ≥ 2 for each group overlapped. One of the concerns in the
utility of central photographic review was the ability to distinguish between non-blanching erythema and a
very early category 2 PU characterised by a small area of epidermal loss within a larger area of erythema.78

Therefore, differences would be expected between the two assessment methods.
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The more concerning finding was that photographic compliance was lower in the APM arm than the
HSFM arm; in future work, return rates require compliance monitoring by trial arm (without compromising
trial conduct). It is not clear why the compliance was lower in the APM arm. Further work is required to
understand whether this was related to practical difficulties associated with participant movement on the
APM or systematic bias.

Overall, the use of photography as a reliable measure for blinded assessment in PU research is recommended.
It is advised that a robust protocol is in place to allow for consistent and accurate photography of skin sites.
Repeated photographs should also be taken in order to conduct a robust sensitivity analysis on the primary
end point, but should be considered in conjunction with patient acceptability.

The Pressure Ulcer Quality of Life – Prevention substudy
The PU field requires a strong evidence base that incorporates assessment of PROs. To fully capture and
quantify the patients’ perspective, appropriately developed and validated PRO instruments are required.
The PU-QoL-P instrument mostly satisfies criteria for reliability, validity and responsiveness in line with
recommended FDA guidelines for PRO instruments for use in clinical trials.91 The ITC, alpha coefficient and
homogeneity coefficient (IIC mean and range) provide evidence towards the reliability and internal construct
validity of the PU-QoL-P scales. The results of the factor analysis mostly supported the use of the items as
hypothesised into six function scales, as was suggested by the results from the original analysis.48 Some
modifications were made to four scales, which were supported by the retrospective analyses, and the
changes made are considered conceptually reasonable. However, as changes were made to the scales,
some might argue that a further set of data should be collected for further validation purposes. No one test
confirms validity; rather, validation of a PRO instrument is an ongoing process, with the accumulation of
clinical validation data building a case for a particular instrument functioning effectively in a particular
population for a specific purpose.103

These findings contribute evidence towards support that people with category 2 PUs experience worse
symptoms and functioning outcomes than those without PUs. People who are also physically limited and
have PUs experience worse mobility outcomes and ability to participate in daily activities than those who
have no or only slight physical impairment. PUs are often a secondary comorbidity and a consequence of
the primary condition a patient may be experiencing (e.g. immobility due to prolonged bed rest following
extensive surgery). PUs contribute additional impairment in physical functioning outcomes beyond those
experienced from other comorbidities. Furthermore, this exploratory hypothesis testing suggests that
patients with torso PUs experience worse symptoms and more mobility problems, whereas patients with
limb PUs have more problems with sleep quality, daily activities and malaise, suffer from lower emotional
well-being and feel more self-conscious.

Owing to the small sample sizes in the hypothesised known groups, definitive conclusions cannot be
made. However, trends in scores in the right direction and, in some scales, moderate to high effect sizes
were observed, even though some were not statistically significant. Small sample size affects the standard
error so large CIs might be expected; however, sample size does not affect means, SDs or effect size.
Therefore, effect sizes are still relevant and informative, even if non-significant correlations are observed,
which in this case may be attributed to sample sizes being too small to detect significant differences.

A limitation of the study was scale-to-sample targeting; mean scores were below scale mid-points and
all scales exceeded the 10% criterion for floor effects. However, given that it was intended to recruit an
at-risk population (i.e. few people had category 1 or 2 PUs at baseline and none had a category ≥ 3 PU),
this finding is expected. The floor effects indicate more homogeneity in the sample than is representative
of the general PU population. However, the study sample is representative of a high-risk PU population,
who may be experiencing pressure area-related pain but do not experience symptoms associated with
severe PUs, such as exudate and odour, and the PU-QoL-P is intended for prevention trials.

DISCUSSION
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The above limitations do not preclude use of the PU-QoL-P instrument. PU-QoL-P scales can be included as
one outcome measure, among others, for group comparisons in future PU prevention research (e.g. clinical
trials). Work is under way to develop a short form and to test its clinical utility for use in clinical practice.
As the PU-QoL-P was developed and evaluated in the UK, the validity and reliability are characteristics
of the instrument for a specific population (i.e. UK nationals). A language translation or cross-cultural
adaption may be required to ensure that the PU-QoL-P is appropriate for cultures, languages and ethnic
groups outside the UK (see the PU-QoL-P instrument website104 for guidance on language translation
and cross-cultural adaptation processes). Further research is also needed to investigate self-complete
administration mode, and the development of proxy measures and language translations, given the
prevalence of cognitively impaired patients with PUs. Finally, given the small sample sizes for the known
groups and responsiveness analysis, these analyses could be repeated in larger samples. The process of
modifying a newly developed PRO instrument is part of an evolving, ongoing measurement process
intended to strengthen the hypothesised conceptual relationships with empiric evidence.97 The usefulness
of new measures is therefore demonstrated by multiple applications in different studies (accumulative body
of evidence to support scale measurement properties).

Patient and public involvement

Added value of public involvement
Certain areas of the study particularly benefited from a servicer-user perspective. For example, people
with a current or previous severe PU were excluded from the study. This was as a direct result of PURSUN
discussions. PURSUN members who had experienced particularly severe PUs said they would not be willing
to be randomised as they already had a mattress preference. People also highlighted the traumatic nature
of having a severe PU and said that fear of recurrence can lead to anxiety during hospital admissions.
For this reason, they felt that it was inappropriate to approach or randomise people with experience of a
category ≥ 3 PU.

Input from PURSUN was also helpful when developing the photography protocol. There are ethical issues
associated with photographing skin sites; therefore, the team worked with PURSUN to develop the
photography instructions, with particular input from one member with experience of having wounds
photographed. Measures were put in place to maintain patient dignity and limit burden. For example,
the photography instructions state that photographs must be taken by a health-care professional, not a
medical photographer. They also stress the importance of comfort and dignity when positioning patients
or removing dressings. In addition, the consent process allowed people to opt out of photography but
remain in the trial.

The photography process was highlighted by both service users and clinical co-applicants as a positive
example of public involvement. One clinical co-applicant reflected that she felt reassured by the input of
service users and happier about asking her colleagues and patients to take part in this element of the
study. The service user co-applicant said that she felt that her personal experience added something to
photography discussions that would have otherwise been missing.

The service user co-applicant also reflected on the impact that being a member of the PRESSURE 2 team
had on her. She found it to be a rewarding process as she was able to learn and to use her unique
experience to aid the research. Being part of the team from the outset aided this as it allowed her to
build relationships and seek support if needed.

Reflections on patient and public involvement
The challenges of evaluating public involvement are well documented.121 It is difficult and, arguably,
inappropriate to try and isolate the input of particular individuals within a collaborative research process.
As described in the previous section, certain examples naturally stand out, but some aspects of public
involvement are more subtle. The PRESSURE 2 PPI officer reflected on the way that research team
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members spoke when service users were present at meetings. At times, she felt that the presence of a
service user caused people to think and speak in a more patient-centred way. However, that is hard to
document or measure. The perspective of the wider research team will be explored further after the final
PURSUN workshop.

Some practical challenges were encountered when planning and managing public involvement. For example,
teleconferences were used as a way of allowing service users to contribute from home, if needed. However,
PURSUN members found it hard to stay engaged and contribute by telephone, and they have recommended
face-to-face meetings for the future.

It was particularly challenging to integrate the service user perspective into steering committee meetings.
Although there are many advantages to having service user input in high-level project oversight, PURSUN
members found the meetings challenging, with one member stepping down. Issues such as complicated
documents, technical language and the varied number of topics covered within meetings hindered
meaningful involvement. After feedback, additional support was implemented for steering committee
members, including a glossary of terms, more focused communications before meetings and the option to
attend meetings with the PPI officer. Although PURSUN members appreciated these measures, they still
felt that more work needs to be done to make steering committees an effective engagement activity.

DISCUSSION
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Chapter 8 Implications for practice and research

Implications for practice

l Alternating pressure mattresses confer a small treatment-phase benefit on acutely ill inpatients who are
bedfast/chairfast and/or have a category 1 PU, which is diminished over time.

l APM patient compliance, the very low PU incidence rate observed and small group differences indicate
the need for improved indicators for targeting of APMs.

l Individualised decision-making should take into account skin status, patient preferences (e.g.
movement ability and rehabilitation needs) and the presence of factors that may be modifiable through
APM allocation, including being completely immobile, having nutritional deficits, lacking capacity
and/or having altered skin/category 1 PU.

l Patients with existing category 1 and 2 PUs are most at risk of subsequent PUs of category ≥ 2 and
require targeted secondary prevention.

l Improved communication is required prior to ward transfers to improve continuity of PU
prevention care.

l Improvements are required to ensure continuity of PU prevention post discharge.

Implications for research

l This study should be incorporated into a meta-analysis of APM versus HSFM RCTs.
l Objective measurement instruments of key risk factors is required to better inform risk stratification and

preventative interventions in practice.
l Further analysis is required to explore the relationship between mental capacity, levels of independent

movement and repositioning, nutritional status and PU development.
l Further research is required to explore ‘what works for whom and in what circumstances’ to better

inform mattress provision for high-risk patients.
l The health economic analysis was limited by missing data; however, the difference in QoL outcomes

between the trial arms was negligible and the difference in cost was small, suggesting no need for
further research.

l Central blinded expert photographic review is a reliable method for assessing PU outcomes in research.
A robust method to enable repeated photographic assessments, which minimises patient burden while
enabling sensitivity analyses, requires development.

l Clinical end points should be considered for PU research during the treatment phase because skin
changes can occur very quickly and may be influenced by factors such as discharge plans.

l Skin site-level data collected in PU research should be detailed in order to understand how skin
changes over time. Further methodological work is required to be able to fully utilise these data in the
analysis of trial outcomes.

l The PU-QoL-P tool is suitable for capturing patient-reported functioning (core domains of HRQoL)
and PU-area pain in patients at risk of PU development and for quantifying the benefits of associated
preventative interventions from the patient’s perspective, thus far lacking. It can be used in research
with adults at risk of PU development in all UK health-care settings. Further research is needed to
investigate self-complete administration mode, and the development of proxy measures and language
translations, given the prevalence of cognitively impaired patients with PUs.
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Appendix 1 Mattress specification guide

Mattress specification guideline: PRESSURE 2 trial

All centres are requested to provide a list of mattresses that are in use in each hospital and to be used in
the trial.

1. All participants will have an electric profiling bed frame as an adjunct to the trial mattress.
2. All participants will be randomised to either a HSFM or an APM. Overlay or replacement mattresses may

be used.
3. After randomisation, an eligible mattress will be sourced and allocated by the clinical research nurse.
4. All mattresses and their use will comply with the Medical Devices Regulations SI2002/618.

Mattress specifications
Pressure-relieving mattresses can be divided into low-technology devices and high-technology devices:

l Low-technology devices provide a comfortable surface that redistributes body weight over a large
surface area. Examples are standard foam mattresses, HSFMs, visco-elastic mattresses, cubed foam,
convoluted foam (these aim to redistribute body weight over a larger contact area).

l High-technology devices are dynamic systems that include APMs where the patient lies on air-filled sacs
that sequentially inflate and deflate and relieve pressure at different anatomical sites for short periods.

Mattresses included in the trial

Alternating pressure mattress

l All mattresses included in the trial should be currently in use in the recruiting centre and comply fully
with local medical devices and infection control standards.

l All mattresses included should be fully automatic; some may have dual therapy, for example the
mattress comprises a combination of alternating pressure or low air loss. The trial will include only
those participants nursed on the alternating pressure mode of action.

Alternating pressure mattresses should have the following minimum function, as described in Table 26.

TABLE 26 Alternating pressure mattress minimum function specification

Specification

APM

Replacements Overlays

Cell height (cm) 19.6–29.4 8.5–12.5

Cycle time (minutes) 7.5–30 7.5–30

Cycle frequency 1 in 2, 3 or 4 1 in 2, 3 or 4

Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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High-specification foam mattresses

l All mattresses included in the trial should be currently in use in the recruiting centre and comply fully
with local medical devices and infection control standards.

l Mattresses can be high-density foam, viscoelastic (memory) foam or a combination of both, and can be
castellated (for ventilation and profiling).

l All mattresses will have a cover with the following characteristics: removable, minimum two-way
stretch, vapour permeable and covered zips as defined in BS 3379.36.122

l All mattresses should be replacement mattresses with a minimum depth of 150–200 mm.

Excluded mattresses
The following mattresses were excluded from the trial:

l hybrid mattresses with combination therapy, namely mattresses comprising a static layer with
alternating cells/low air loss [e.g. AtmosAir™ (ArjoHuntleigh, Houghton Regis, UK)]

l alternating mattresses that have collapsible cells [e.g. Nimbus® Professional (ArjoHuntleigh,
Houghton Regis, UK)]

l low air-loss mattresses [e.g. Breeze (ArjoHuntleigh, Houghton Regis, UK)]
l static foam and gel mattresses
l continuous static low-pressure mattresses, including fibregel
l fluid, clay [e.g. Rik® (ArjoHuntleigh, Houghton Regis, UK)]
l air-filled mattresses. [e.g. Repose (Frontier Medical group, Wales, UK)]
l beds and mattresses that have a motorised repositioning option. [e.g. Acer (ArjoHuntleigh,

Houghton Regis, UK)]
l Air-fluidised bead beds. [e.g. Clinitron® (Hill-Rom, Chicago, IL, USA)].
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Appendix 2 Derivation of primary end point

End points to be analysed

Primary end point
The primary end point was the time taken to develop a new category ≥ 2 PU from randomisation to
30 days post treatment phase or withdrawal/death.

Derivation of primary end point
Each participant had a minimum of 14 prespecified skin sites [spine/back, sacrum, left and right buttocks,
ischial tuberosities, trochanters (hips), heels, ankles and elbows] assessed at baseline and at every follow-up
assessment thereafter. There was the option at each assessment to add other additional skin sites that were
not prespecified on the CRF. The data collection process outlined above led to repeated measures for each
skin site. Therefore, before deriving whether or not a participant developed a new category ≥ 2 PU (and the
time to development), the derivation of whether or not a new category ≥ 2 PU has developed since baseline
needed to be defined on a skin site basis (Figure 16). This led to a data set with one record per skin site.
These data were then used to derive the primary end point data set with one record per participant that
included a variable denoting whether or not the participant developed a category ≥ 2 PU at any skin site
and the time to develop the first new PU or censoring time. A summary of the derivation of the primary end
point (time to first new category ≥ 2 PU on a patient level) is provided in Figure 17 and Table 27.

The time to development of a new category ≥ 2 PU and the value of the censor variable (a variable
denoting whether or not the participant was observed to develop a category ≥ 2 PU) will be derived during
the analysis process, as detailed in Table 27.

Other end points
The determination of development of a PU of category 1, 2 or 3 within the treatment phase was derived in
line with the above process, adjusted for baseline skin status and relevant time windows.
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FIGURE 16 Derivation of PU development on a skin site level (one record per skin site per participant). a, Patients
with a category 3/4/U PU should have been excluded from the trial in accordance with the eligibility criteria;
however they have been included in this derivation to account for participants who may have been incorrectly
recruited to the trial. N/A, not applicable; U, unstageable. Adapted from Nixon et al.44 © The Authors, 2019. This is
an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0)
license, which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided
the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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FIGURE 17 Derivation of PU development at a patient level. a, Evaluable skin sites are such that skin site level
outcome can be determined as ‘develops PU’ or ‘does not develop PU’ (see Figure 12). b, The maximum follow-up
period was 95 days, to allow for time windows around visits during the treatment phase and around the final
visit after the treatment phase. Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article
distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license, which permits
others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is
properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 27 App.2 Derivation of the event/censor variable and the number of days to developing a new category
≥ 2 PU (on a patient basis)

Scenario Number of days Event/censor variable

Patient is observed to develop a new
category ≥ 2 PU before end of follow-up

Number of days between date of randomisation
and date first new category ≥ 2 PU was observed
(i.e. date first recorded on the CRF)

Event

Patient dies before end of follow-up not
having developed a category ≥ 2 PU

Number of days between date of randomisation
and date of last evaluable skin assessment

Censoreda at date of last
evaluable skin assessment

Patient withdraws from the trial before
end of follow-up not having developed
a category ≥ 2 PU

Number of days between date of randomisation
and date of last follow-up assessment when an
assessment on an evaluable skin site was made

Patient is censoreda at
date of last evaluable
skin assessmentb

Patient is not observed to develop a
new category ≥ 2 PU before the end of
follow-up (including patients who were
lost to follow-up)

Number of days between date of randomisation
and date of last follow up assessment where an
assessment on an evaluable skin site was made

Patient is censored at date
of last evaluable skin site
assessment

a Death and some withdrawals were considered as competing risks as they prevent a PU occurring or being observed.
b Data collected on the same day that participants were withdrawn from data collection due to clinical condition were

excluded from the derivation of end points. This was owing to ethics considerations around a patient’s data being used
if they had lost capacity or, for example, were receiving palliative care. The decision over whether or not to censor these
patients earlier was made in conjunction with the chief investigator (or delegate) and is based solely on the reason for
withdrawal, blind to mattress provision, skin status and time since entering the study.

Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

APPENDIX 2

NIHR Journals Library www.journalslibrary.nihr.ac.uk

124

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


A category 2 PU was classified as healed if the same skin site was later recorded as healthy or altered skin.
The time to healing was calculated as the number of days between the date of randomisation and the
date that the last category 2 PU was observed to heal, or patients were censored at the date of last
evaluable assessment in line with the rules from above.

Missing data
Attempts were made to retrieve missing data via a thorough data cleaning process. Every effort was made
to obtain complete dates for all key data and missing dates were monitored.
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Appendix 3 Value-of-information analysis and
interim analysis

Reflecting the double-triangular sequential design, a maximum of three interim analyses with unequally
spaced reviews at event-driven coherent cut-off points of 300, 445 and 580 PU events were planned

originally. As outlined in Chapter 2, Trial design, in the event of an early stopping signal for futility, an
assessment of the value of continuing with the trial from the NHS decision-making perspective, via an EVSI
analysis, to inform the deliberations of the DMEC was also planned.

As the trial recruited participants at a much slower rate than originally anticipated, a recovery plan and
unplanned VOI analysis using parameter estimates from the original trial design were requested by the
funder. These were submitted to the funder in January 2015 and reviewed by the DMEC, which
recommended trial continuation.

Following a request for a non-costed recruitment extension, an unplanned interim analysis and second
VOI analysis, both using confidential data from the trial, were requested by the funder and conducted in
November/December 2015. All data were reviewed by the DMEC. Methods and results of the interim
analysis and second VOI analysis are detailed later in this appendix.

Part 1: value of information analysis

Background
When deciding whether or not to adopt a new treatment technology, there is always some degree of
uncertainty because there is always a chance that the choice turns out to be wrong. VOI analysis tries to
measure the expected cost of that uncertainty, which ‘can be interpreted as the expected value of perfect
information (EVPI), since perfect information can eliminate the possibility of making the wrong decision’.123

For a detailed, well-explained description and introduction of how to do a VOI analysis, see Briggs et al.;124

for the specific methods used in this analysis, see Ades et al.125 and, especially, Hall et al.126

First value-of-information analysis
In the first VOI analysis, a computer model was constructed to simulate the differences in costs and effects
of two treatment alternatives for prevention of PUs in hospital care. The two treatment alternatives were
HSFMs and APMs. The base model was then expanded to simulate clinical trials in that setting, to compare
the value of trials with three different patient sample sizes (1508, 2236 and 2954 patients). The value of
those trial sample sizes was assessed on generating additional information about the relative effectiveness
of the two treatment alternatives compared with the base model results. The model was constructed in
the statistical computing software R. Model results and estimates of trial costs were evaluated using the R
software and Microsoft Excel® 2010 (Microsoft Corporation, Redmond, WA, USA).

Methods
Structure, perspective and inputs of the model were chosen in consultation with, and through input from,
the clinical experts of the trial as well as through consulting the relevant published literature.

Model structure
The overall expected net benefit of sampling (ENBS) was calculated by subtracting, for each trial size, the
estimated costs of running the trial from the expected net present value of sampling information (ENPVSI).
For calculating the ENPVSI, which provides a monetary estimate of the net value of running a trial, the
authors followed a three-step approach from the published literature. The first step was a base model run
with a cost-effectiveness analysis that, given pre-trial or ‘current information’ knowledge, tried to find the
optimal treatment strategy. In this case, it found APMs to be optimal.
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The second step was to simulate a trial with half of the trial participants getting one treatment (HSFM) and
the other half getting the other treatment (APM), while the remaining participants (all cohort participants
minus the in-trial participants) were simulated as being treated with whatever was considered optimal in
the first step (i.e. APM in this case).

The third step was then to find the optimal treatment strategy after the trial had finished and implement it
for all participants after the trial and for the remaining lifetime of the treatment technology (i.e. 20 years
minus trial time in this case). This was done by combining the ‘current information’ before the trial with
the new information from the simulated trial results, and then finding the optimal strategy based on this
combined ‘updated information’. If the optimal strategy, after the simulated trial, stayed the same, then
the trial confirmed the ‘current information’ but had little or negative additional monetary/health value
because it did not change the optimal strategy. Alternatively, if the trial did lead to a change in the optimal
strategy (compared with step one), then the trial had a high value. This was because switching to the real
optimal strategy for all participants after the trial was better (more health improvement per money spent)
than sticking with the previous treatment strategy.

Steps 2 and 3 of this approach are repeated many times (i.e. 1000 times in this case) in order to simulate
a large number of possible trial outcomes. The resulting mean value of all trial simulations represents the
ENPVSI. The ENPVSI was calculated for three different assumptions regarding the possible increase in
adoption if the trial finds APM to be more significantly effective (Table 29). The base cost-effectiveness
model was a so-called discrete state-transition model, which was used for probabilistic simulation of
treatments and disease pathways. The base model ran 2000 simulations initially and afterwards for
evaluating each of the simulated trials.

Model inputs and perspective
The model perspective was the NHS; outcomes were measured in QALYs for effectiveness and in 2014
Great British pounds (GBP) for costs. Outcomes were discounted at 3.5% per year. The trial simulation
was based on the assumption that information generated in a trial could benefit patients in England within
the coming 20 years and that the annual cohort of patients who could benefit has a size of 1,153,535. For
the number of patients who could benefit, the current number of patients who receive an APM annually
was estimated, and it was estimated that there will be a 50% increase in APM mattress use if the trial
demonstrates superior effectiveness. To estimate the number of current patients receiving APMs, annual
admissions (excluding paediatrics, obstetrics and day cases) were obtained from two large NHS health
trusts (n = 177,000 patients): their mean annual APM mattress usage was 8.5%. These data were
extrapolated using figures from NHS England’s accident and emergency (A&E) quarterly activity statistics
and quarterly activity return127 and determined the number of NHS admissions as 27,142,004 patients.
Based on the previous cohort and prevalence data suggesting that 50% of patients at risk do not currently
receive an APM, and in consultation with the clinical co-applicants, it was estimated that mattress use will
increase by 50% of 8.5% (4.25 percentage points) and the annual cohort of patients who could benefit
was thus determined as n = 1,153,535. Two sensitivity analyses were also ran in which the increase was
assumed to be 25% and 75%, to see how that would change the results.

Based on trial enrolment data, the assumed starting age of the hypothetical cohort of patients was, on
average, 80 years and their PU status was 89% PU-free and 11% with one PU, whereas only a category
≥ 2 PU was regarded as PU presence. Health status changes could occur every 3 days (cycle length) and
the cohort was followed over a model horizon of 3 years. The model used initial result data for mean time
in hospital to treat the initial condition and data from the first PRESSURE trial for mean healing time. For
relative effectiveness, the authors took the pre-trial expected PU incidence rates of 23% and 18% in the
HSFM and APM arms, respectively, and updated them using interim (overall) trial results from November
2014, provided by the trial team.
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The cost side of the model assumed, per patient and day, a mean excess treatment cost for the presence
of one PU of £158.13 and for the presence of two PUs of £210.79, based on Dealey et al.24 Mean
specialised mattress costs of £0.08 (for HSFM) and £1.95 (for APM) were assumed, both based on the PU
prevention guideline12 and durability estimates from the trial team. Furthermore, a standard hospital bed
rate of £280.59 was assumed,128 excluding specialised mattresses, and, if discharged with PUs, a daily cost
for home care by a visiting nurse of £15.69 for one PU and £20.17 for two PUs was assumed (hourly costs
were obtained from Curtis;129 frequency and time requirements were obtained from expert opinion). The
rounded estimates for the overall trial costs were, from the smallest to the largest sample size, £2.75M,
£3.4M and £4.0M, and were provided by the trial team.

Results
The results of the base-case model indicated that, overall, the APM was slightly more effective and less
costly than the HSFM (Table 28). The APM is therefore optimal (i.e. net benefit maximising) at both
willingness-to-pay thresholds (£20,000 and £50,000 per QALY), but it is optimal by only a small margin.
The higher initial costs of PU prevention in the APM arm of the model were more than offset by cost
savings due to the reduced PU incidence and, consequently, the reduced PU treatment costs.

The results of the trial simulation using different sample sizes showed a positive expected net benefit
value for each of the trial sizes at both willingness-to-pay per QALY levels and for all three assumptions
concerning the increase in APM usage (Table 29). This means that a trial of any of those sizes is a very
useful investment of health budget funds, with NMBs after trial costs of between £92.4M and £290M.
However, the exact amount and trends between sample sizes vary depending on what increase-of-usage
assumption one deems most realistic. The value of the trial increases together with the increase-of-usage
assumption because the more patients who are affected by the adoption decision, the more it pays off to
have accurate information on which to base the decision.

The following considerations are based, first, on each and every trial reporting statistically significant results
supporting the increase of APM usage and, second, on assuming that the sample variation played only a
minor role in the observed outcomes. The latter was deemed to be the case after closer analysis of the
results and the former needed to be determined by the trial team.

For a 75% increase, the value of the trial increases with each sample size and therefore suggests
continuation of the trial until the full recruitment size is reached. The same suggestion follows from a
25% increase assumption, although going to early stopping 2 only would not be beneficial. On the other
hand, for a 50% increase, the simulation indicates that early stopping 2 may be optimal. Again, all those
considerations are based on the trial at those sizes reporting statistically significant results, although it can
of course turn out that, even for a 50% increase, a larger sample size would be better in order to achieve
a higher statistical reliability.

TABLE 28 Mean cost-effectiveness results of the base-case model

Treatment Benefit (QALYs) Cost (£)

Net benefit (£)

WTP= £20,000 WTP= £50,000

HSFM 2.2394 13,143 31,646 98,830

APM 2.2402 12,975 31,829 99,036

WTP, willingness to pay.
Note
Results are per patient. Means are over all three patient-base assumptions and their mean sample variation. All had a
relative SD of < 0.5%.
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In the trial sampling model runs, HSFM was optimal in < 22% of all trial samples only. However, the positive
value of sampling for all three sizes is derived from those cases alone. In the other cases, the simulated trials
confirm only that the APM is optimal. Those trial samples for which HSFM was optimal (i.e. < 22% of all
trial samples) come from the simulations in which APM practically does not reduce the PU incidence
compared with HSFM (no risk reduction).

In the sensitivity analysis, how sensitive the results are to changes in specific model inputs was investigated.
During this process, the authors found that there is a strong dependence of the results on the amount of
uncertainty associated with the difference in the effectiveness of the two interventions. Depending on this
assumption, the expected value of doing a trial can flip from positive to negative when assuming only a
small degree of uncertainty. The authors assumed that there was a substantial uncertainty about this model
input as this is the primary reason for doing the trial. This uncertainty was incorporated into the model by
applying a relative SD of 25% onto the input variable that reflects the difference in the effectiveness of the
two mattresses.

Recommendations
The authors’ expectation is that the expected net benefit obtained by carrying on with the trial is positive,
taking into account the time it will take for the trial to deliver results and the continued uncertainty with
regard to the best practice, while the trial continues. From the VOI perspective, the trial, as originally
designed, is well equipped to generate very high-value results, although, when assuming a 50% increase
in APM usage, the second largest sample size would be sufficient. However, caution should be exercised
around any decision to reduce the target sample size as the acceptability of the trial to its target audience
may be significantly damaged by any perception that it is underpowered. In addition, the model assumed
an effectiveness difference between the two treatments that is similar to pre-trial expectations. If the
interim results show something different, then this needs to be factored into the decision of continuing
the trial and the determination of sample size. This observed effectiveness difference and the desired
statistical power play an important role in this decision. The authors recommended, fully conditional on
the mentioned considerations, that the trial be continued until the full sample size is reached or, when
assuming a 50% increase in APM usage, until the second largest sample size is reached.

TABLE 29 First VOI ENBS results

Attribute

Early stopping

Full size1 2

Completeness of trial (%) 51.0 75.7 100.0

Trial size (n participants) 1766 (1500 + 266a) 2565 (2236+ 329a) 2954

Trial costsb (£) 2,750,000 3,400,000 4,034,245

Assumed patient population base (% of increase in use of APM or equivalent): 576,768 (25%)

Willingness-to-pay level = £20,000 (£) 96,295,281 92,421,711 96,634,090

Willingness-to-pay level = £50,000 (£) 109,075,473 104,780,678 109,613,918

Assumed patient population base (% of increase in use of APM or equivalent): 1,153,535 (50%)

Willingness-to-pay level = £20,000 (£) 219,378,516 222,483,637 211,648,255

Willingness-to-pay level = £50,000 (£) 248,500,241 252,056,859 239,896,506

Assumed patient population base (% of increase in use of APM or equivalent): 1,730,303 (75%)

Willingness-to-pay level = £20,000 (£) 254,416,174 276,231,919 290,161,149

Willingness-to-pay level = £50,000 (£) 287,979,848 312,797,604 328,484,201

a Costing assumes 3 months continued recruitment after reaching the early stopping number. Trial simulations for early
stopping 1 used the initial assumption of 1508 participants as a sample size.

b These trial costs were subtracted from the ENPVSIs to get the ENBS values shown.
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Second value-of-information analysis
In the second VOI analysis, conducted as part of the unplanned interim analysis, a probabilistic decision-
analytic cost-effectiveness model was constructed to simulate the differences in costs and effects of two
treatment alternatives for the prevention of PUs in hospital care. The two treatment alternatives were
HSFM and APM. This base model was then expanded to simulate clinical trials in that setting, to compare
the value of the information provided by trials with two different sample sizes; 902 and 1996 subjects,
respectively. The value of the alternative trials was assessed by comparing the impact of the additional
information that they would generate on the estimates of the relative clinical effectiveness and cost-
effectiveness of the two treatment alternatives, compared with the base model results. The model was
constructed in the statistical computing software R. The model130 results and estimates of trial costs were
evaluated using the R software and Microsoft Excel.

Methods
The authors chose structure, perspective and inputs of the model in consultation with and through input
from the clinical expert members of the trial team, combined with interim trial results and evidence from
the published literature.

The overall ENBS was calculated by subtracting, for each trial size, the estimated costs of running the trial
from the ENPVSI. For calculating the ENPVSI, which provides a monetary estimate of the net value of
running a trial, the authors followed a three-step approach from the published literature.123,124,126 The first
step was a base model run with a cost-effectiveness analysis that, given pre-trial or ‘current information’
knowledge, tried to find the optimal treatment strategy. In this case it found APM to be optimal.

The second step was to simulate a trial with half of the trial participants getting one treatment (HSFM)
and the other half getting the other treatment (APM), while the remaining patients (all cohort patients
minus the in-trial patients) were simulated as being treated with whatever was considered optimal in the
first step (i.e. APM in this case).

The third step was then to find the optimal treatment strategy after the trial had finished and implement it
for all patients after the trial and for the remaining lifetime of the treatment technology (which here was
20 years minus trial time). This was done by combining the ‘current information’ before the trial with the
new information from the simulated trial results, and then finding the optimal strategy based on this
combined ‘updated information’. If the optimal strategy, after the simulated trial, stayed the same, then
the trial confirmed the ‘current information’ but had little or negative additional monetary/health value
because it did not change the optimal strategy. On the other hand, if the trial did lead to a change in the
optimal strategy (compared with step 1), then the trial had a high value. This was because switching to the
real optimal strategy for all patients after the trial would be better (more health improvement per money
spent) than sticking with the previous treatment strategy.

Steps 2 and 3 of this approach are repeated many times (i.e. 1000 times in this case) to simulate a large
number of possible trial outcomes. The resulting mean value of all trial simulations represents the ENPVSI. The
ENPVSI was calculated for three different assumptions regarding the possible increase in adoption if the trial
finds APM to be more significantly effective (Table 31). The base cost-effectiveness model was a so-called
discrete state-transition model, which was used for probabilistic simulation of treatments and disease pathways.
The base model ran 2000 simulations initially and afterwards for evaluating each of the simulated trials.

Model inputs and perspective
The model perspective was the NHS and outcomes were measured in QALYs for effectiveness and in
2014 GBP for costs. Outcomes were discounted at 3.5% per year. The trial simulation was based on the
assumptions that information generated in a trial could benefit patients in England within the coming
20 years and that the annual cohort of patients who could benefit has a size of 1,153,535. For the cohort
size, we estimated the current number of patients who already receive an APM annually and estimated
that there would be a 50% increase in APM use if the trial demonstrated superior effectiveness. To estimate
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the number of current patients receiving APMs, annual admissions (excluding paediatrics, obstetrics and day
cases) were obtained from two large NHS health trusts (n = 177,000): their mean annual APM usage was
8.5%. These data were extrapolated using figures from NHS England’s A&E quarterly activity statistics
and quarterly activity return and determined that the annual number of NHS admissions was 27,142,004
patients. Based on the previous cohort and prevalence data, suggesting that 50% of patients at risk do not
currently receive an APM, and in consultation with the clinical co-applicants, it was estimated that mattress
use will increase by 50% of 8.5% (4.25 percentage points); thus, the annual cohort of patients who could
benefit was determined as 1,153,535. Two sensitivity analyses were also run in which the increase was
assumed to be 25% and 75%, in order to see how that would change the results.

Based on trial enrolment data, the assumed starting age of the hypothetical cohort of patients was, on
average, 80 years and their PU status was 89% PU-free and 11% with one PU, whereas only a PU of
category ≥ 2 was regarded as PU presence. Health status changes could occur every 3 days (cycle length) and
the cohort was followed over a lifetime model horizon. The model used initial result data for mean time in
hospital to treat the initial condition and data from the first PRESSURE trial for mean healing time. For relative
effectiveness, the authors took the interim results of the trial with the recorded PU incidence rates in the
HSFM and APM arms, respectively, using the results from December 2015 provided by the trial team.

The cost side of the model assumed, per patient and day, a mean excess treatment cost for the presence
of one PU of £158.13 and for the presence of two PUs of £210.79, based on Dealey et al.24 Mean
specialised mattress costs of £0.08 (for HSFM) and £1.95 (for APM), both based on the PU prevention
guideline12 and durability estimates from the trial team. Furthermore, a standard hospital bed rate of
£280.59117 was assumed, excluding specialised mattresses, and, if discharged with PUs, a daily cost for
home care by a visiting nurse of £15.69 for one PU and £20.17 for two PUs was assumed (hourly costs
were obtained from Curtis and Burns,62 frequency and time requirements were obtained from expert
opinion). Only costs that were caused by the condition under consideration were modelled; once
discharged without a PU, no cost was assumed. The rounded estimates for the overall trial costs were
£2.75M for the smaller and £3.40M for the larger trial size, and they were provided by the trial team.

Results
The results of the base-case model indicated that, overall, APMs were slightly more effective and less costly
than HSFMs (Table 30). APM is therefore considered optimal, that is net benefit maximising, at both
willingness-to-pay thresholds (£20,000 and £50,000 per QALY), but it is optimal by only a small margin.
The higher initial costs of PU prevention in the APM arm of the model were more than offset by cost
savings due to the reduced PU incidence and, consequently, the reduced PU treatment costs.

The results of the trial simulation using different sample sizes showed a positive expected net benefit
value for each of the trial sizes at both willingness-to-pay per QALY levels and for all three assumptions
concerning the increase in APM usage (Table 31). This means that a trial of any of those sizes is a very
useful investment of health budget funds, with NMBs after trial costs of between £24.3M and £263M.
However, the amounts and trends between sample sizes vary depending on the sample sizes themselves
and on what increase-of-usage assumption one deems most realistic. The value of the trial increases
together with the increase-of-usage assumption because the more patients who are affected by the
adoption decision, the more it pays off to have accurate information on which to base the decision.

The following considerations are based, first, on each and every trial reporting statistically significant results
supporting the increase of APM usage and, second, on assuming that the sample variation played only a
minor role in the observed outcomes. The latter was deemed to be the case after closer analysis of the
results. The former needed to be determined by the trial team.

For all three increase-of-usage assumptions, the value of the trial increases with sample size and therefore
suggests continuing the trial until the largest recruitment size is reached. Again, all those considerations
are based on the trial at those sizes reporting statistically significant results, and a larger sample size would
be better in order to achieve a higher statistical reliability.
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In the trial sampling model runs, HSFM was optimal in < 16% of all trial samples. However, the positive
value of sampling for both possible trials is derived from those cases alone. In the other cases, the
simulated trials confirm that the APM treatment only is optimal. Those trial samples for which HSFM was
optimal (i.e. < 16%) come from the simulations in which APM treatment does not reduce the PU incidence
enough compared with HSFM treatment to offset the higher initial costs of APM treatment.

The sensitivity analysis investigated how sensitive the results are to changes in specific model inputs. During
this process, the authors found that there is a strong dependence of the results on the amount of uncertainty
associated with the HR of developing a PU in the APM arm. The authors assumed that there was a substantial
uncertainty about this model input as this is the primary reason for doing the trial. This uncertainty was
incorporated into the model by applying a relative SD of 25% onto this input variable.

Recommendations
The analyses indicate that the net benefit obtained by carrying on with the trial is positive, taking account
of the time it will take for the trial to deliver results, and the continued uncertainty with regard to the
best practice while the trial continues. From the VOI perspective, the trial, as originally designed, is well
equipped to generate very high-value results, especially at the larger sample size. Caution should be
exercised around any decision to reduce the target sample size as the acceptability of the trial to its target
audience may be significantly damaged by any perception that it is underpowered, possibly even more so

TABLE 30 Mean cost-effectiveness results of the base-case model

Treatment Benefit (QALYs) Cost (£)

Net benefit (£)

WTP= £20,000 WTP= £50,000

HSFM 63,082 9872 116,291 £305,537

APM 63,091 9762 116,419 £305,691

WTP, willingness to pay.
Note
Results are per patient over the whole lifetime model horizon.

TABLE 31 Second VOI ENBS results

Attribute

Early stopping

1 2

Trial size (number of participants) 902 1996

Trial costsa (£) 2,750,000 3,400,000

Assumed patient population base (% increase in use of APM or equivalent): 576,768 (25%)

Willingness-to-pay level = £20,000 (£) 24,314,486 61,675,336

Willingness-to-pay level = £50,000 (£) 29,681,444 74,688,674

Assumed patient population base (% increase in use of APM or equivalent): 1,153,535 (50%)

Willingness-to-pay level = £20,000 (£) 61,774,918 144,695,042

Willingness-to-pay level = £50,000 (£) 74,608,874 174,307,316

Assumed patient population base (% increase in use of APM or equivalent): 1,730,303 (75%)

Willingness-to-pay level = £20,000 (£) 94,061,129 218,794,343

Willingness-to-pay level = £50,000 (£) 113,316,961 263,223,397

a These trial costs were subtracted from the ENPVSIs to get the ENBS values shown.
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in the light of the interim trial results. In addition, the model showed that there is substantial uncertainty
around the current cost-effectiveness of both treatment alternatives, with cost-effectiveness being sensitive
to changes in the reduction in PU incidence that results from APM use. This needs to be factored into the
decision of continuing the trial and the determination sample size. The observed effectiveness difference
and the desired statistical power play an important role in this decision. The authors recommend, fully
conditional on the mentioned considerations, to continue the trial until the larger sample size is reached.

Part 2: interim analysis

Methods

Primary end-point analysis

Primary analysis
The primary end-point analysis was conducted on both the ITT population and the PPP.

A Cox proportional hazards model was initially fitted to the primary end point with the minimisation
factors (i.e. health-care setting, PU status and consent) and the covariates (i.e. presence of pain on a
healthy, altered or category 1 PU skin site, conditions affecting peripheral circulation, and mattress group).
A competing risks analysis was not conducted.

For the ITT patient population, as there was evidence of non-proportional hazards for mattress group,
a piecewise Cox model was fitted, splitting the data into two timeframes corresponding to time to
development of PUs of ≤ 60 days and time to development of PUs of > 60 days. A Cox proportional
hazards model was then fitted to each of these two timeframes.

For the PPP, the assumption of proportional hazards for mattress group was met.

Sensitivity analysis
A Cox proportional hazards model was fitted to the primary end point (i.e. time to developing a PU of
category ≥ 2 during the treatment phase) with the same covariates fitted as for the primary analysis, on
both the ITT and the PPPs. For both populations, the assumption of proportional hazards was met for the
covariate mattress group.

Monitoring was conducted using East software (East 6, Cytel Software Inc., Cambridge, MA, USA) and the
output presented (Figure 18).

The incidence of new PUs of category ≥ 2 was summarised by mattress group and for each covariate included
in the primary end-point analysis models, for both the full 30-day follow-up and the treatment phase.

Mattress compliance
The number of days and proportion of time participants spent on the allocated mattress during the
treatment phase were summarised by mattress group. In addition, whether or not participants received the
allocated mattress within 2 days of randomisation was summarised.

Safety
Adverse events (i.e. falls, device ulcers and other events) were summarised by mattress group.

Additional Data Monitoring and Ethics Committee report summaries
A CONSORT diagram, recruitment graph and summaries on screening data, minimisation factors and
baseline characteristics, participant disposition, data and visit compliance, and protocol deviations and
deviations were reported by mattress group. Not all these summaries are provided in this report.
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Results

Primary end-point analysis

Intention-to-treat population
A primary end-point analysis was conducted on 909 participants in the ITT population.

Characteristics of the intention-to-treat population
Tables 32–34 give the number of participants randomised to each arm by centre, minimisation factors and
participant characteristics.

TABLE 32 Randomisation by centre, by trial arm

Centre

Trial arm, n (%)

Total, n (%)APM HSFM

Royal Devon and Exeter Hospital 10 (2.2) 8 (1.8) 18 (2.0)

Addenbrooke’s Hospital 9 (2.0) 8 (1.8) 17 (1.9)

Dewsbury District Hospital 1 (0.2) 0 (0.0) 1 (0.1)

Leeds General Infirmary 40 (8.7) 41 (9.1) 81 (8.9)

Pinderfields General Hospital 49 (10.7) 46 (10.2) 95 (10.5)

Scunthorpe General Hospital 14 (3.0) 13 (2.9) 27 (3.0)

St James’ University Hospital 67 (14.6) 60 (13.4) 127 (14.0)

Whiston Hospital 6 (1.3) 4 (0.9) 10 (1.1)

South Tyneside District General 8 (1.7) 9 (2.0) 17 (1.9)

Harrogate District Hospital 30 (6.5) 27 (6.0) 57 (6.3)

Hull Royal Infirmary 1 (0.2) 3 (0.7) 4 (0.4)

Poole Hospital 4 (0.9) 5 (1.1) 9 (1.0)

The Royal United Hospital 7 (1.5) 8 (1.8) 15 (1.7)

University Hospitals Plymouth NHS Trust 16 (3.5) 17 (3.8) 33 (3.6)

North Devon District Hospital Trust 7 (1.5) 8 (1.8) 15 (1.7)

Torbay District General Hospital 7 (1.5) 6 (1.3) 13 (1.4)

Royal Bolton Hospital 0 (0.0) 2 (0.4) 2 (0.2)

Papworth Hospital 9 (2.0) 8 (1.8) 17 (1.9)

Kent and Canterbury Hospital 5 (1.1) 6 (1.3) 11 (1.2)

Frimley Park Hospital NHS Foundation Trust 1 (0.2) 2 (0.4) 3 (0.3)

Princess Alexandra Hospital 10 (2.2) 10 (2.2) 20 (2.2)

Chapel Allerton Hospital 5 (1.1) 6 (1.3) 11 (1.2)

Royal Oldham Hospital 11 (2.4) 10 (2.2) 21 (2.3)

Southport and Ormskirk Hospital 2 (0.4) 4 (0.9) 6 (0.7)

Norwich Community Hospital 21 (4.6) 22 (4.9) 43 (4.7)

Leeds Community Healthcare Trust 40 (8.7) 36 (8.0) 76 (8.4)

St Helens and Knowsley Teaching Hospitals NHS Trust 2 (0.4) 1 (0.2) 3 (0.3)

NHS Lothian 4 (0.9) 1 (0.2) 5 (0.6)

Northern General Hospital 3 (0.7) 3 (0.7) 6 (0.7)

continued
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TABLE 32 Randomisation by centre, by trial arm (continued )

Centre

Trial arm, n (%)

Total, n (%)APM HSFM

Northumbria Healthcare Trust 33 (7.2) 35 (7.8) 68 (7.5)

Beccles and District War Memorial Community Hospital 3 (0.7) 3 (0.7) 6 (0.7)

Sussex Community NHS Trust 5 (1.1) 4 (0.9) 9 (1.0)

Royal South Hants Hospital 0 (0.0) 1 (0.2) 1 (0.1)

Somerset Partnership 16 (3.5) 16 (3.6) 32 (3.5)

Chelsea and Westminster Hospital 4 (0.9) 4 (0.9) 8 (0.9)

Lister Hospital 2 (0.4) 2 (0.4) 4 (0.4)

Plymouth Community Healthcare 7 (1.5) 7 (1.6) 14 (1.5)

Other 1 (0.2) 0 (0.0) 1 (0.1)

Missing 0 (0.0) 1 (0.2) 1 (0.1)

CRF not yet received 0 (0.0) 2 (0.4) 2 (0.2)

Total 460 (100) 449 (100) 909 (100)

TABLE 33 Other minimisation factors, by trial arm

Minimisation factor

Trial arm, n (%)

Total, n (%)APM HSFM

Consent type

Written 321 (69.8) 316 (70.4) 637 (70.1)

Witnessed verbal 65 (14.1) 60 (13.4) 125 (13.8)

Consultee agreement 74 (16.1) 69 (15.4) 143 (15.7)

Missing 0 (0.0) 2 (0.4) 2 (0.2)

CRF not yet received 0 (0.0) 2 (0.4) 2 (0.2)

Total 460 (100) 449 (100) 909 (100)

Status of worst PU

Category 1 63 (13.7) 61 (13.6) 124 (13.6)

Category 2 42 (9.1) 41 (9.1) 83 (9.1)

No PU 355 (77.2) 344 (76.6) 699 (76.9)

Missing 0 (0.0) 1 (0.2) 1 (0.1)

CRF not yet received 0 (0.0) 2 (0.4) 2 (0.2)

Total 460 (100) 449 (100) 909 (100)

Health-care setting

Secondary care hospital 307 (66.7) 300 (66.8) 607 (66.8)

Community hospital 73 (15.9) 78 (17.4) 151 (16.6)

NHS intermediate care/rehabilitation facility 79 (17.2) 69 (15.4) 148 (16.3)

Missing 1 (0.2) 0 (0.0) 1 (0.1)

CRF not yet received 0 (0.0) 2 (0.4) 2 (0.2)

Total 460 (100) 449 (100) 909 (100)
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Primary analysis
Tables 35–41 provide the data to support the primary analysis.

TABLE 34 Other participant-level baseline characteristics, by trial arm

Baseline characteristics

Trial arm

TotalAPM HSFM

Age (years)

Mean (SD) 77.2 (13.5) 77.5 (13.8) 77.3 (13.7)

Median (range) 81 (21–101) 80 (21–100) 81 (21–101)

Missing 0 0 0

n 460 449 909

Macro- and micro-circulatory function, n (%)

No problem 251 (54.6) 243 (54.1) 494 (54.3)

Conditions affecting central circulation 98 (21.3) 102 (22.7) 200 (22.0)

Conditions affecting peripheral circulation 86 (18.7) 81 (18.0) 167 (18.4)

Conditions affecting central and peripheral circulation 21 (4.6) 20 (4.5) 41 (4.5)

Missing 4 (0.9) 3 (0.7) 7 (0.8)

Pain on a healthy, altered or category 1 PU skin site, n (%)

Yes 245 (53.3) 241 (53.7) 486 (53.5)

No 203 (44.1) 198 (44.1) 401 (44.1)

Unable to assess 4 (0.9) 7 (1.6) 11 (1.2)

Missing 8 (1.7) 3 (0.7) 11 (1.2)

Total 460 (100) 449 (100) 909 (100)

TABLE 35 Summary of primary end points, by trial arm

Attribute

Trial arm

OverallAPM HSFM

Develops new PU, n (%)

Yes 39 (8.5) 51 (11.4) 90 (9.9)

No 387 (84.1) 373 (83.1) 760 (83.6)

Last skin assessment same day as randomisation 32 (7.0) 20 (4.5) 52 (5.7)

Unknown 2 (0.4) 5 (1.1) 7 (0.8)

Time to event/censoring (days)

Mean (SD) 35.3 (24.8) 35.6 (26.0) 35.5 (25.4)

Median (range) 37 (0–93) 37 (0–153) 37 (0–153)

Missing 0 0 0

n 458 444 902
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TABLE 37 Development of PUs by PU status at randomisation

Developed new PU

PU status at randomisation, n (%)

Total (N= 909),
n (%)None (N= 701)

Category 1
(N= 125) Category 2 (N= 83)

Yes 60 (8.6) 18 (14.4) 12 (14.5) 90 (9.9)

No 604 (86.2) 97 (77.6) 59 (71.1) 760 (83.6)

Last skin assessment same day
as randomisation

37 (5.3) 10 (8.0) 5 (6.0) 52 (5.7)

Unknown 0 (0.0) 0 (0.0) 7 (8.4) 7 (0.8)

TABLE 38 Development of PUs by setting

Developed new PU

Setting, n (%)

Total (N= 909),
n (%)

Secondary care
hospital
(N= 608)

Community
hospital
(N= 151)

NHS intermediate care
rehabilitation facility
(N= 150)

Yes 53 (8.7) 17 (11.3) 20 (13.3) 90 (9.9)

No 501 (82.4) 132 (87.4) 127 (84.7) 760 (83.6)

Last skin assessment same day
as randomisation

47 (7.7) 2 (1.3) 3 (2.0) 52 (5.7)

Unknown 7 (1.2) 0 (0.0) 0 (0.0) 7 (0.8)

TABLE 36 Development of PUs by type of consent

Developed new PU

Type of consent, n (%)

Total (N= 909),
n (%)Written (N= 638)

Witnessed verbal
(N= 127)

Consultee agreement
(N= 144)

Yes 57 (8.9) 19 (15.0) 14 (9.7) 90 (9.9)

No 541 (84.8) 96 (75.6) 123 (85.4) 760 (83.6)

Last skin assessment same day
as randomisation

33 (5.2) 12 (9.4) 7 (4.9) 52 (5.7)

Unknown 7 (1.1) 0 (0.0) 0 (0.0) 7 (0.8)

TABLE 39 Development of PUs by presence of pain on a healthy, altered or category 1 PU at randomisation

Developed new PU

Pain on a healthy, altered or category 1 PU at randomisation, n (%)

Total (N= 909),
n (%)Yes (N= 486) No (N= 401) Missing (N= 14)

Unable to
assess (N= 8)

Yes 49 (10.1) 39 (9.7) 2 (14.3) 0 (0.0) 90 (9.9)

No 409 (84.2) 339 (84.5) 11 (78.6) 1 (12.5) 760 (83.6)

Last skin assessment same
day as randomisation

28 (5.8) 23 (5.7) 1 (7.1) 0 (0.0) 52 (5.7)

Unknown 0 (0.0) 0 (0.0) 0 (0.0) 7 (87.5) 7 (0.8)
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TABLE 40 Development of PUs by presence of condition affecting peripheral circulation

Developed new PU

Presence of condition affecting peripheral circulation, n (%)
Total (N= 909),
n (%)Yes (N= 208) No (N= 694) Missing (N= 7)

Yes 23 (11.1) 66 (9.5) 1 (14.3) 90 (9.9)

No 174 (83.7) 580 (83.6) 6 (85.7) 760 (83.6)

Last skin assessment same
day as randomisation

9 (4.3) 43 (6.2) 0 (0.0) 52 (5.7)

Unknown 2 (1.0) 5 (0.7) 0 (0.0) 7 (0.8)

TABLE 41 Primary analysis model: piecewise Cox model

Time point Covariate n HR 99.7% Wald CI

≤ 60 days Setting (reference = secondary care
hospital, n = 522)

Community hospital 125 1.085 0.448 to 2.626

NHS intermediate care/
rehabilitation facility

119 1.333 0.567 to 3.136

PU status (reference = no PU, n = 588) Category 1 114 1.934 0.853 to 4.383

Category 2 64 2.752 1.045 to 7.244

Consent type (reference = written,
n = 534)

Consultee agreement 125 1.161 0.443 to 3.044

Witnessed verbal 107 1.990 0.871 to 4.547

Presence of pain at healthy, altered or
category 1 skin site (reference = no,
n = 347)

Yes 419 0.871 0.433 to 1.753

Presence of condition affecting peripheral
circulation (reference = no, n = 586)

Yes 180 1.010 0.479 to 2.129

Allocated mattress (reference = HSFM,
n = 373)

APM 393 0.729 0.375 to 1.417

> 60 days Setting (reference = secondary care
hospital, n = 79)

Community hospital 26 0.483 0.017 to 13.669

NHS intermediate care/
rehabilitation facility

31 0.841 0.061 to 11.505

PU status (reference = no PU, n = 113) Category 1 11 0.000 0.000 to 0.000

Category 2 12 0.000 0.000 to 0.000

Consent type (reference = written, n = 97) Consultee agreement 19 0.000 0.000 to 0.000

Witnessed verbal 20 0.449 0.018 to 11.348

Presence of pain at healthy, altered or
category 1 skin site (reference = no,
n = 69)

Yes 67 1.495 0.154 to 14.544

Presence of condition affecting peripheral
circulation (reference = no, n = 110)

Yes 26 0.520 0.020 to 13.484

Allocated mattress (reference = HSFM,
n = 71)

APM 65 0.858 0.082 to 8.983
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Sensitivity analysis: time to development of a category ≥ 2 PU during the
treatment phase
Tables 42–48 provide the data to support the sensitivity analysis.

TABLE 42 Summary of PU development during treatment phase, by trial arm

Attribute

Trial arm

OverallAPM HSFM

Developed new PU, n (%)

Yes 28 (6.1) 43 (9.6) 71 (7.8)

No 388 (84.3) 369 (82.2) 757 (83.3)

Last skin assessment same day as randomisation 42 (9.1) 32 (7.1) 74 (8.1)

Unknown 2 (0.4) 5 (1.1) 7 (0.8)

Time to event/censoring (days)

Mean (SD) 16.3 (15.2) 16.8 (15.1) 16.5 (15.2)

Median (range) 12 (0–58) 13 (0–65) 13 (0–65)

Missing 0 0 0

n 458 444 902

TABLE 43 Development of PUs during the treatment phase, by type of consent

Developed new PU

Type of consent, n (%)

Total (N= 909),
n (%)Written (N= 638)

Witnessed verbal
(N= 127)

Consultee agreement
(N= 144)

Yes 44 (6.9) 15 (11.8) 12 (8.3) 71 (7.8)

No 539 (84.5) 99 (78.0) 119 (82.6) 757 (83.3)

Last skin assessment same
day as randomisation

48 (7.5) 13 (10.2) 13 (9.0) 74 (8.1)

Unknown 7 (1.1) 0 (0.0) 0 (0.0) 7 (0.8)

TABLE 44 Development of PUs during the treatment phase, by PU status at randomisation

Developed new PU

PU status at randomisation, n (%)

Total (N= 909),
n (%)None (N= 701)

Category 1
(N= 125)

Category 2
(N= 83)

Yes 45 (6.4) 16 (12.8) 10 (12.0) 71 (7.8)

No 600 (85.6) 99 (79.2) 58 (69.9) 757 (83.3)

Last skin assessment same
day as randomisation

56 (8.0) 10 (8.0) 8 (9.6) 74 (8.1)

Unknown 0 (0.0) 0 (0.0) 7 (8.4) 7 (0.8)
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Primary end-point analysis (per-protocol population)
A total of 570 participants were included in the PPP, corresponding to 62.7% of the ITT population.

Characteristics of the per-protocol population
Tables 49 and 50 describe the characteristics of the PPP.

TABLE 45 Development of PUs during the treatment phase, by setting

Developed new PU

Setting, n (%)

Total (N= 909),
n (%)

Secondary care
hospital
(N= 608)

Community
hospital
(N= 151)

NHS intermediate
care rehabilitation
facility (N= 150)

Yes 43 (7.1) 12 (7.9) 16 (10.7) 71 (7.8)

No 491 (80.8) 135 (89.4) 131 (87.3) 757 (83.3)

Last skin assessment same
day as randomisation

67 (11.0) 4 (2.6) 3 (2.0) 74 (8.1)

Unknown 7 (1.2) 0 (0.0) 0 (0.0) 7 (0.8)

TABLE 46 Development of PUs during the treatment phase by presence of pain on a healthy, altered or category 1
PU at randomisation

Developed new PU

Pain on a healthy, altered or category 1 PU at randomisation, n (%)

Total (N= 909),
n (%)Yes (N= 486) No (N= 401) Missing (N= 14)

Unable to
assess (N= 8)

Yes 39 (8.0) 30 (7.5) 2 (14.3) 0 (0.0) 71 (7.8)

No 407 (83.7) 338 (84.3) 11 (78.6) 1 (12.5) 757 (83.3)

Last skin assessment same
day as randomisation

40 (8.2) 33 (8.2) 1 (7.1) 0 (0.0) 74 (8.1)

Unknown 0 (0.0) 0 (0.0) 0 (0.0) 7 (87.5) 7 (0.8)

TABLE 47 Development of PUs during the treatment phase by presence of condition affecting peripheral circulation

Developed new PU

Presence of condition affecting peripheral circulation, n (%)
Total (N= 909),
n (%)Yes (N= 208) No (N= 694) Missing (N= 7)

Yes 19 (9.1) 51 (7.3) 1 (14.3) 71 (7.8)

No 173 (83.2) 578 (83.3) 6 (85.7) 757 (83.3)

Last skin assessment same
day as randomisation

14 (6.7) 60 (8.6) 0 (0.0) 74 (8.1)

Unknown 2 (1.0) 5 (0.7) 0 (0.0) 7 (0.8)
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TABLE 48 Sensitivity analysis model: PU of category ≥ 2 development during treatment phase – Cox proportional
hazards model

Covariate n Pra > χ2 HR 99.7% Wald CI

Setting (reference = secondary care hospital, n = 601)

Community hospital 151 0.9383 0.974 0.361 to 2.631

NHS intermediate care/rehabilitation facility 150 0.5656 1.189 0.486 to 2.911

PU status (reference = no PU, n = 701)

Category 1 125 0.0060 2.247 0.938 to 5.384

Category 2 76 0.0073 2.567 0.905 to 7.286

Consent type (reference = written, n = 631)

Consultee agreement 144 0.5705 1.219 0.433 to 3.435

Witnessed verbal 127 0.0899 1.674 0.679 to 4.127

Presence of pain at healthy, altered or category 1 skin site (reference = no, n = 416)

Yes 486 0.7019 1.102 0.518 to 2.346

Presence of condition affecting peripheral circulation (reference = no, n = 696)

Yes 206 0.6755 1.120 0.501 to 2.506

Allocated mattress (reference = HSFM, n = 444)

APM 458 0.0522 0.622 0.300 to 1.286

a The p-value of the Wald chi-squared statistic with respect to a chi-squared distribution with one degree of freedom.
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TABLE 49 Randomisation by centre, by trial arm

Centre

Trial arm, n (%)

Total, n (%)APM HSFM

Royal Devon and Exeter Hospital 5 (1.8) 2 (0.7) 7 (1.2)

Addenbrooke’s Hospital 8 (2.8) 5 (1.7) 13 (2.3)

Dewsbury District Hospital 1 (0.4) 0 (0.0) 1 (0.2)

Leeds General Infirmary 23 (8.2) 27 (9.4) 50 (8.8)

Pinderfields General Hospital 24 (8.5) 26 (9.0) 50 (8.8)

Scunthorpe General Hospital 11 (3.9) 12 (4.2) 23 (4.0)

St James’ University Hospital 41 (14.5) 30 (10.4) 71 (12.5)

Whiston Hospital 5 (1.8) 3 (1.0) 8 (1.4)

South Tyneside District General 4 (1.4) 2 (0.7) 6 (1.1)

Harrogate District Hospital 20 (7.1) 13 (4.5) 33 (5.8)

Hull Royal Infirmary 0 (0.0) 1 (0.3) 1 (0.2)

Poole Hospital 4 (1.4) 4 (1.4) 8 (1.4)

The Royal United Hospital 6 (2.1) 7 (2.4) 13 (2.3)

University Hospitals Plymouth NHS Trust 11 (3.9) 10 (3.5) 21 (3.7)

North Devon District Hospital Trust 6 (2.1) 6 (2.1) 12 (2.1)

Torbay District General Hospital 5 (1.8) 4 (1.4) 9 (1.6)

Royal Bolton Hospital 0 (0.0) 2 (0.7) 2 (0.4)

Papworth Hospital 7 (2.5) 2 (0.7) 9 (1.6)

Kent and Canterbury Hospital 4 (1.4) 2 (0.7) 6 (1.1)

Frimley Park Hospital NHS Foundation Trust 1 (0.4) 1 (0.3) 2 (0.4)

Princess Alexandra Hospital 5 (1.8) 10 (3.5) 15 (2.6)

Chapel Allerton Hospital 3 (1.1) 5 (1.7) 8 (1.4)

Royal Oldham Hospital 9 (3.2) 8 (2.8) 17 (3.0)

Norwich Community Hospital 16 (5.7) 18 (6.3) 34 (6.0)

Leeds Community Healthcare Trust 19 (6.7) 33 (11.5) 52 (9.1)

St Helens and Knowsley Teaching Hospitals NHS Trust 2 (0.7) 1 (0.3) 3 (0.5)

NHS Lothian 2 (0.7) 1 (0.3) 3 (0.5)

Northern General Hospital 1 (0.4) 1 (0.3) 2 (0.4)

Northumbria Healthcare Trust 18 (6.4) 27 (9.4) 45 (7.9)

Beccles and District War Memorial Community Hospital 2 (0.7) 1 (0.3) 3 (0.5)

Sussex Community NHS Trust 1 (0.4) 2 (0.7) 3 (0.5)

Somerset Partnership 11 (3.9) 11 (3.8) 22 (3.9)

Chelsea and Westminster Hospital 2 (0.7) 4 (1.4) 6 (1.1)

Lister Hospital 1 (0.4) 1 (0.3) 2 (0.4)

Plymouth Community Healthcare 4 (1.4) 3 (1.0) 7 (1.2)

Missing 0 (0.0) 1 (0.3) 1 (0.2)

CRF not yet received 0 (0.0) 2 (0.7) 2 (0.4)

Total 282 (100) 288 (100) 570 (100)
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Primary analysis (per-protocol population)
Tables 51–57 provide the data to support the primary end-point analysis.

TABLE 50 Other minimisation factors, by trial arm

Minimisation factor

Trial arm, n (%)

Total, n (%)APM HSFM

Consent type

Written 185 (65.6) 216 (75.0) 401 (70.4)

Witnessed verbal 37 (13.1) 39 (13.5) 76 (13.3)

Consultee agreement 60 (21.3) 31 (10.8) 91 (16.0)

CRF not yet received 0 (0.0) 2 (0.7) 2 (0.4)

Total 282 (100) 288 (100) 570 (100)

Status of worst PU

Category 1 44 (15.6) 38 (13.2) 82 (14.4)

Category 2 24 (8.5) 11 (3.8) 35 (6.1)

No PU 214 (75.9) 236 (81.9) 450 (78.9)

Missing 0 (0.0) 1 (0.3) 1 (0.2)

CRF not yet received 0 (0.0) 2 (0.7) 2 (0.4)

Total 282 (100) 288 (100) 570 (100)

Health-care setting

Secondary care hospital 197 (69.9) 179 (62.2) 376 (66.0)

Community hospital 48 (17.0) 57 (19.8) 105 (18.4)

NHS intermediate care/rehabilitation facility 37 (13.1) 50 (17.4) 87 (15.3)

CRF not yet received 0 (0.0) 2 (0.7) 2 (0.4)

Total 282 (100) 288 (100) 570 (100)

TABLE 51 Summary of primary end points (for the PPP), by trial arm

Attribute

Trial arm

OverallAPM HSFM

Develops new PU, n (%)

Yes 28 (9.9) 18 (6.3) 46 (8.1)

No 237 (84.0) 257 (89.2) 494 (86.7)

Last skin assessment same day as randomisation 17 (6.0) 13 (4.5) 30 (5.3)

Time to event/censoring (days)

Mean (SD) 34.6 (24.9) 35.9 (24.9) 35.2 (24.8)

Median (range) 37 (0–93) 38 (0–153) 37 (0–153)

Missing 0 0 0

n 282 288 570
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TABLE 53 Development of PUs (in the PPP) by PU status at randomisation

Developed new PU

PU status at randomisation, n (%)
Total (N= 570),
n (%)None (N= 452) Category 1 (N= 83) Category 2 (N= 35)

Yes 29 (6.4) 9 (10.8) 8 (22.9) 46 (8.1)

No 401 (88.7) 66 (79.5) 27 (77.1) 494 (86.7)

Last skin assessment same
day as randomisation

22 (4.9) 8 (9.6) 0 (0.0) 30 (5.3)

TABLE 52 Development of PUs (in the PPP) by type of consent

Developed new PU

Type of consent, n (%)

Total (N= 570),
n (%)

Written
(N= 402)

Witnessed verbal
(N= 76)

Consultee agreement
(N= 92)

Yes 28 (7.0) 9 (11.8) 9 (9.8) 46 (8.1)

No 357 (88.8) 58 (76.3) 79 (85.9) 494 (86.7)

Last skin assessment same
day as randomisation

17 (4.2) 9 (11.8) 4 (4.3) 30 (5.3)

TABLE 54 Development of PUs (in the PPP) by setting

Developed new PU

Setting, n (%)

Total (N= 570),
n (%)

Secondary care
hospital (N= 376)

Community hospital
(N= 105)

NHS intermediate
care rehabilitation
facility (N= 89)

Yes 26 (6.9) 9 (8.6) 11 (12.4) 46 (8.1)

No 323 (85.9) 94 (89.5) 77 (86.5) 494 (86.7)

Last skin assessment same
day as randomisation

27 (7.2) 2 (1.9) 1 (1.1) 30 (5.3)

TABLE 55 Development of PUs (in the PPP) by presence of pain on a healthy, altered or category 1 PU
at randomisation

Developed new PU

Pain on a healthy, altered or category 1 PU at randomisation, (%)

Total (N= 570),
n (%)Yes (N= 313) No (N= 245) Missing (N= 11)

Not applicable
(N= 1)

Yes 23 (7.3) 21 (8.6) 2 (18.2) 0 (0.0) 46 (8.1)

No 272 (86.9) 212 (86.5) 9 (81.8) 1 (100.0) 494 (86.7)

Last skin assessment same
day as randomisation

18 (5.8) 12 (4.9) 0 (0.0) 0 (0.0) 30 (5.3)
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Sensitivity analysis: time to development of a category ≥ 2PU during the treatment
phase (per-protocol population)
Tables 58–63 provide the data to support the sensitivity analysis in the PPP.

TABLE 57 Primary analysis model for the PPP

Covariate n ln(HR) Standard error χ2 Pra > χ2 HR 99.7% Wald CI

Setting (reference = secondary care hospital, n = 376)

Community hospital 105 0.08517 0.39959 0.0454 0.8312 1.089 0.333 to 3.565

NHS intermediate care/
rehabilitation facility

89 0.34100 0.37990 0.8057 0.3694 1.406 0.455 to 4.342

PU status (reference = no PU, n = 452)

Category 1 83 0.66691 0.38693 2.9707 0.0848 1.948 0.618 to 6.142

Category 2 35 1.38660 0.41315 11.2639 0.0008 4.001 1.174 to 13.636

Consent type (reference = written, n = 402)

Consultee agreement 92 0.32637 0.41801 0.6096 0.4349 1.386 0.401 to 4.792

Witnessed verbal 76 0.76284 0.39301 3.7675 0.0523 2.144 0.668 to 6.884

Presence of pain at healthy, altered or category 1 skin site (reference = no, n = 257)

Yes 313 –0.27368 0.30899 0.7845 0.3758 0.761 0.304 to 1.903

Presence of condition affecting peripheral circulation (reference = no, n = 438)

Yes 132 0.06804 0.33356 0.0416 0.8384 1.070 0.398 to 2.881

Allocated mattress (reference = HSFM, n = 288)

APM 282 0.35728 0.31060 1.3232 0.2500 1.429 0.569 to 3.593

a The p-value of the Wald chi-squared statistic with respect to a chi-squared distribution with one degree of freedom.

TABLE 58 Summary of primary end points (for the PPP sensitivity analysis), by trial arm

Attribute

Trial arm

OverallAPM HSFM

Develops new PU, n (%)

Yes 21 (7.4) 15 (5.2) 36 (6.3)

No 239 (84.8) 253 (87.8) 492 (86.3)

Last skin assessment same day as randomisation 22 (7.8) 20 (6.9) 42 (7.4)

Time to event/censoring (days)

Mean (SD) 16.3 (14.6) 15.2 (13.9) 15.7 (14.3)

Median (range) 13 (0–57) 12 (0–60) 12 (0–60)

Missing 0 0 0

n 282 288 570

TABLE 56 Development of PUs (in the PPP) by presence of condition affecting peripheral circulation

Developed new PU

Presence of condition affecting peripheral circulation, n (%)
Total (N= 570),
n (%)Yes (N= 132) No (N= 434) Missing (N= 4)

Yes 13 (9.8) 33 (7.6) 0 (0.0) 46 (8.1)

No 115 (87.1) 375 (86.4) 4 (100.0) 494 (86.7)

Last skin assessment same
day as randomisation

4 (3.0) 26 (6.0) 0 (0.0) 30 (5.3)
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TABLE 59 Development of PUs (in the PPP sensitivity analysis) by type of consent

Develops new PU

Type of consent, n (%)

Total (N= 570),
n (%)Written (N= 402)

Witnessed verbal
(N= 76)

Consultee
agreement (N= 92)

Yes 23 (5.7) 6 (7.9) 7 (7.6) 36 (6.3)

No 355 (88.3) 60 (78.9) 77 (83.7) 492 (86.3)

Last skin assessment same
day as randomisation

24 (6.0) 10 (13.2) 8 (8.7) 42 (7.4)

TABLE 60 Development of PUs (in the PPP sensitivity analysis) by PU status at randomisation

Develops new PU

PU status at randomisation, n (%)
Total (N= 570),
n (%)None (N= 452) Category 1 (N= 83) Category 2 (N= 35)

Yes 21 (4.6) 8 (9.6) 7 (20.0) 36 (6.3)

No 397 (87.8) 67 (80.7) 28 (80.0) 492 (86.3)

Last skin assessment same
day as randomisation

34 (7.5) 8 (9.6) 0 (0.0) 42 (7.4)

TABLE 61 Development of PUs (in the PPP sensitivity analysis) by setting

Develops new PU

Setting, n (%)

Total (N= 570),
n (%)

Secondary
care hospital (N= 376)

Community
hospital (N= 105)

NHS intermediate
care rehabilitation
facility (N= 89)

Yes 22 (5.9) 6 (5.7) 8 (9.0) 36 (6.3)

No 317 (84.3) 95 (90.5) 80 (89.9) 492 (86.3)

Last skin assessment same
day as randomisation

37 (9.8) 4 (3.8) 1 (1.1) 42 (7.4)

TABLE 62 Development of PUs (in the PPP sensitivity analysis) by presence of pain on a healthy, altered or category
1 PU at randomisation

Develops new PU

Pain on a healthy, altered or category 1 PU at randomisation, n (%)

Total (N= 570),
n (%)Yes (N= 313) No (N= 245) Missing (N= 11)

Unable to
assess (N= 1)

Yes 18 (5.8) 16 (6.5) 2 (18.2) 0 (0.0) 36 (6.3)

No 271 (86.6) 211 (86.1) 9 (81.8) 1 (100.0) 492 (86.3)

Last skin assessment same
day as randomisation

24 (7.7) 18 (7.3) 0 (0.0) 0 (0.0) 42 (7.4)
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Mattress compliance
Table 64 summarises mattress compliance by trial arm.

TABLE 63 Development of PUs (in the PPP sensitivity analysis) by presence of condition affecting peripheral circulation

Develops new PU

Presence of condition affecting peripheral circulation, n (%)
Total (N= 570),
n (%)Yes (N= 132) No (N= 434) Missing (N= 4)

Yes 11 (8.3) 25 (5.8) 0 (0.0) 36 (6.3)

No 114 (86.4) 374 (86.2) 4 (100.0) 492 (86.3)

Last skin assessment same
day as randomisation

7 (5.3) 35 (8.1) 0 (0.0) 42 (7.4)

TABLE 64 Summary of mattress compliance

Attribute

Trial arm, n (%)

Overall, n (%)APM HSFM

Proportion of treatment phase spent on allocated mattress

Mean (SD) (%) 75.1 (34.6) 74.9 (37.1) 75.0 (35.8)

Median (range) (%) 94 (0–100) 100 (0–100) 97 (0–100)

Missing, n 16 9 25

Non-missing, n 444 440 884

Percentage, n (%)

0.0 35 (7.6) 40 (8.9) 75 (8.3)

up to 19.9 28 (6.1) 34 (7.6) 62 (6.8)

20.0–39.9 23 (5.0) 23 (5.1) 46 (5.1)

40.0–59.9 28 (6.1) 25 (5.6) 53 (5.8)

60.0–79.9 30 (6.5) 18 (4.0) 48 (5.3)

80.0–100.0 300 (65.2) 300 (66.8) 600 (66.0)

Missing 16 (3.5) 9 (2.0) 25 (2.8)

Total 460 (100.0) 449 (100.0) 909 (100.0)

Number of days spent on allocated mattress

Mean (SD) 15.4 (15.1) 14.2 (13.8) 14.8 (14.5)

Median (range) 11 (0–64) 10 (0–61) 10 (0–64)

Missing, n 16 9 25

n 444 440 884

Days

0 35 (7.6) 40 (8.9) 75 (8.3)

1–5 112 (24.3) 95 (21.2) 207 (22.8)

6–10 75 (16.3) 90 (20.0) 165 (18.2)

11–20 96 (20.9) 109 (24.3) 205 (22.6)

21–30 57 (12.4) 56 (12.5) 113 (12.4)

31–40 25 (5.4) 18 (4.0) 43 (4.7)

41–50 24 (5.2) 15 (3.3) 39 (4.3)

> 50 20 (4.3) 17 (3.8) 37 (4.1)
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Safety

Adverse events
Tables 65–67 provide details of the AEs.

Serious adverse events
Fifteen falls were documented as causing a serious injury; no device ulcers or other AEs were documented
as serious.

TABLE 64 Summary of mattress compliance (continued )

Attribute

Trial arm, n (%)

Overall, n (%)APM HSFM

Missing 16 (3.5) 9 (2.0) 25 (2.8)

Total 460 (100.0) 449 (100.0) 909 (100.0)

Received allocated mattress within 2 days of randomisation

Yes 370 (80.4) 371 (82.6) 741 (81.5)

No 74 (16.1) 69 (15.4) 143 (15.7)

Missing 16 (3.5) 9 (2.0) 25 (2.8)

Total 460 (100.0) 449 (100.0) 909 (100.0)

TABLE 65 Adverse events

Attribute

Trial arm

TotalAPM HSFM

Participants who experienced an AE, n (%)

At least one AE reported 65 (12.1) 78 (14.6) 143 (13.4)

No AEs reported 304 (56.8) 284 (53.1) 588 (55.0)

CRF not yet received 166 (31.0) 173 (32.3) 339 (31.7)

Total 535 (100.0) 535 (100.0) 1070 (100.0)

Number of device ulcers 7 (6.3) 5 (4.0) 12 (5.0)

Number of falls 104 (92.9) 117 (92.9) 221 (92.9)

Number of other AEs 1 (0.9) 4 (3.2) 5 (2.1)

Total number of adverse events 112 (100.0) 126 (100.0) 238 (100.0)

Number of adverse events per participant

Mean (SD) 1.7 (1.7) 1.6 (1.2) 1.7 (1.4)

Median (range) 1 (1–12) 1 (1–7) 1 (1–12)

Missing, n 0 1 1

Non-missing, n 65 77 142

1, n (%) 46 (70.8) 51 (66.2) 97 (68.3)

2, n (%) 9 (13.8) 13 (16.9) 22 (15.5)

3, n (%) 3 (4.6) 8 (10.4) 11 (7.7)

4, n (%) 5 (7.7) 3 (3.9) 8 (5.6)

6, n (%) 0 (0.0) 1 (1.3) 1 (0.7)

7, n (%) 1 (1.5) 1 (1.3) 2 (1.4)

12, n (%) 1 (1.5) 0 (0.0) 1 (0.7)
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TABLE 66 Fall details

Fall details

Trial arm

TotalAPM HSFM

Number of falls 104 117 221

Place where fall took place, n (%)

From the bed 19 (18.3) 19 (16.2) 38 (17.2)

By the bed 25 (24.0) 32 (27.4) 57 (25.8)

By the chair 15 (14.4) 25 (21.4) 40 (18.1)

In the bathroom 15 (14.4) 19 (16.2) 34 (15.4)

Away from bed area 11 (10.6) 8 (6.8) 19 (8.6)

Other 19 (18.3) 14 (12.0) 33 (14.9)

Activity at the time of the fall, n (%)

Getting into bed 1 (1.0) 3 (2.6) 4 (1.8)

Getting out of bed 22 (21.2) 28 (23.9) 50 (22.6)

Walking around the bed 11 (10.6) 16 (13.7) 27 (12.2)

Standing from chair 10 (9.6) 20 (17.1) 30 (13.6)

Going to the bathroom 20 (19.2) 24 (20.5) 44 (19.9)

Other 40 (38.5) 26 (22.2) 66 (29.9)

Injury sustained, n (%)

Yes 40 (38.5) 42 (35.9) 82 (37.1)

No 60 (57.7) 74 (63.2) 134 (60.6)

Missing 4 (3.8) 1 (0.9) 5 (2.3)

If injury sustained, was the injury serious?, n (%)

Yes 5 (12.5) 10 (23.8) 15 (18.3)

No 35 (87.5) 32 (76.2) 67 (81.7)

If injury was serious, seriousness criteria, n (%)

Required prolonged hospitalisation 2 (40.0) 5 (50.0) 7 (46.7)

Significantly or permanently disabling or
incapacitating

0 (0.0) 2 (20.0) 2 (13.3)

Required surgical intervention 0 (0.0) 1 (10.0) 1 (6.7)

Other 3 (60.0) 2 (20.0) 5 (33.3)

TABLE 67 Device ulcer details

Device ulcer details

Trial arm

TotalAPM HSFM

Number of device ulcers 7 5 12

Type of device, n (%)

Catheter 1 (14.3) 0 (0.0) 1 (8.3)

Plaster of Paris 2 (28.6) 1 (20.0) 3 (25.0)

Other 4 (57.1) 4 (80.0) 8 (66.7)

Was the device ulcer serious?, n (%)

No 7 (100) 5 (100) 12 (100)
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Appendix 4 Clinical results: supplementary tables

TABLE 68 Characteristics of all patients screened and patients subsequently randomised according to the
screening logs

Characteristic

Patients

Screened Randomised

Age (years)

Mean (SD) 78.3 (13.2) 77.5 (13.24)

Median (range) 81 (7–106) 81 (21.0–104)

IQR (72.0–87.0) (71.0–87.0)

n 15,138 2008

Missing, n 139 22

Gender, n (%)

Male 6655 (43.6) 909 (44.8)

Female 8440 (55.2) 1111 (54.7)

Missing 182 (1.2) 10 (0.5)

Ethnicity, n (%)

White 14,535 (95.1) 1953 (96.2)

Mixed

White and black Caribbean 99 (0.6) 17 (0.8)

White and black African 5 (0.0) 0 (0.0)

White and Asian 6 (0.0) 0 (0.0)

Other mixed background 14 (0.1) 2 (0.1)

Asian

Indian 71 (0.5) 9 (0.4)

Pakistani 55 (0.4) 7 (0.3)

Bangladeshi 15 (0.1) 1 (0.0)

Other Asian background 15 (0.1) 0 (0.0)

Black

Caribbean 45 (0.3) 10 (0.5)

African 17 (0.1) 1 (0.0)

Other black background 5 (0.0) 1 (0.0)

Chinese 14 (0.1) 1 (0.0)

Other 18 (0.1) 2 (0.1)

Not stated 31 (0.2) 0 (0.0)

Missing 332 (2.2) 26 (1.3)
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TABLE 68 Characteristics of all patients screened and patients subsequently randomised according to the screening
logs (continued )

Characteristic

Patients

Screened Randomised

Current mattress type, n (%)

Static overlay 153 (1.0) 13 (0.6)

Foam 7224 (47.3) 1133 (55.8)

Static air filled 76 (0.5) 6 (0.3)

Gel filled 9 (0.1) 2 (0.1)

Hybrid foam/alternating pressure 890 (5.8) 42 (2.1)

Alternating pressure 6063 (39.7) 740 (36.5)

Low air loss 315 (2.1) 47 (2.3)

Hybrid alternating pressure/low air loss 364 (2.4) 27 (1.3)

Specialised 8 (0.1) 1 (0.0)

Other 72 (0.5) 12 (0.6)

Missing 103 (0.7) 7 (0.3)

IQR, interquartile range.

TABLE 69 Mattress at time of screening for patients who are ineligible because either the patient or the staff are
unwilling to change the mattress

Current mattress type

Unwilling to change mattress, n (%)

Total (N= 2054), n (%)Staff (N= 1116) Patient (N= 938)

Static overlay 11 (1.0) 3 (0.3) 14 (0.7)

Foam 219 (19.6) 438 (46.7) 657 (32.0)

Static air filled 2 (0.2) 5 (0.5) 7 (0.3)

Gel filled 0 (0.0) 1 (0.1) 1 (0.0)

Hybrid foam/alternating pressure 14 (1.3) 42 (4.5) 56 (2.7)

Alternating pressure 808 (72.4) 369 (39.3) 1177 (57.3)

Low air loss 10 (0.9) 36 (3.8) 46 (2.2)

Hybrid alternating pressure/low air loss 46 (4.1) 40 (4.3) 86 (4.2)

Specialised 3 (0.3) 1 (0.1) 4 (0.2)

Other 1 (0.1) 2 (0.2) 3 (0.1)

Missing 2 (0.2) 1 (0.1) 3 (0.1)
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TABLE 70 Location of all new PUs

Location of PU

Trial arm, n (%)

Overall, n (%)APM HSFM

Spine/back 1 (1.1) 6 (4.8) 7 (3.3)

Sacrum 18 (20.2) 26 (21.0) 44 (20.7)

Buttock – L 18 (20.2) 24 (19.4) 42 (19.7)

Buttock – R 15 (16.9) 23 (18.5) 38 (17.8)

Ischial tuberosity – L 1 (1.1) 3 (2.4) 4 (1.9)

Ischial tuberosity – R 2 (2.2) 3 (2.4) 5 (2.3)

Trochanter (hip) – L 0 (0.0) 2 (1.6) 2 (0.9)

Trochanter (hip) – R 1 (1.1) 0 (0.0) 1 (0.5)

Heel – L 12 (13.5) 15 (12.1) 27 (12.7)

Heel – R 9 (10.1) 13 (10.5) 22 (10.3)

Ankle – L 3 (3.4) 2 (1.6) 5 (2.3)

Ankle – R 3 (3.4) 2 (1.6) 5 (2.3)

Elbow – L 2 (2.2) 0 (0.0) 2 (0.9)

Elbow – R 4 (4.5) 5 (4.0) 9 (4.2)

Total 89 (100) 124 (100) 213 (100)

L, left; R, right.

TABLE 71 Number of participants developing a new PU of category ≥ 2 at the end of the treatment phase

Mattress

New PU of category ≥ 2, n (%)

Baseline assessment
not eligible, n (%) Total, n (%)Yes

No

No Died Withdrawn

APM 53 (5.2) 876 (86.2) 48 (4.7) 35 (3.4) 4 (0.4) 1016 (100)

HSFM 79 (7.8) 856 (84.5) 40 (3.9) 30 (3.0) 8 (0.8) 1013 (100)

Overall 132 (6.5) 1732 (85.4) 88 (4.3) 65 (3.2) 12 (0.6) 2029 (100)

Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 72 Number of participants developing a new PU of category ≥ 1 by the 30-day final follow-up

Mattress

New PU of category ≥ 1, n (%)

Baseline assessment
not eligible, n (%) Total, n (%)Yes

No

No Died Withdrawn

APM 160 (15.7) 750 (73.8) 65 (6.4) 36 (3.5) 5 (0.5) 1016 (100)

HSFM 190 (18.8) 724 (71.5) 63 (6.2) 28 (2.8) 8 (0.8) 1013 (100)

Overall 350 (17.2) 1474 (72.6) 128 (6.3) 64 (3.2) 13 (0.6) 2029 (100)
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TABLE 73 Number of participants developing a new PU of category ≥ 3 by the 30-day final follow-up

Mattress

New PU of category ≥ 3, n (%)

Baseline assessment
not eligible, n (%) Total, n (%)Yes

No

No Died Withdrawn

APM 14 (1.4) 876 (86.2) 82 (8.1) 43 (4.2) 1 (0.1) 1016 (100)

HSFM 18 (1.8) 872 (86.1) 84 (8.3) 37 (3.7) 2 (0.2) 1013 (100)

Overall 32 (1.6) 1748 (86.2) 166 (8.2) 80 (3.9) 3 (0.1) 2029 (100)

TABLE 74 Location of all new PUs of category ≥ 3

Location of PU

Trial arm, n (%)

Overall, n (%)APM HSFM

Spine/back 0 (0.0) 1 (4.8) 1 (2.5)

Sacrum 1 (5.3) 7 (33.3) 8 (20.0)

Buttock – L 3 (15.8) 0 (0.0) 3 (7.5)

Buttock – R 1 (5.3) 0 (0.0) 1 (2.5)

Ischial tuberosity – R 1 (5.3) 0 (0.0) 1 (2.5)

Heel – L 5 (26.3) 5 (23.8) 10 (25.0)

Heel – R 6 (31.6) 6 (28.6) 12 (30.0)

Ankle – L 2 (10.5) 0 (0.0) 2 (5.0)

Ankle – R 0 (0.0) 1 (4.8) 1 (2.5)

Elbow – R 0 (0.0) 1 (4.8) 1 (2.5)

Total 19 (100) 21 (100) 40 (100)

L, left; R, right.
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Appendix 5 Health economics supplementary
tables

TABLE 75 Inpatient care unit costs of the resource used

Resource Unit of measure Unit cost (£) Comment/source

Inpatient care

Medicine Bed-day 271 aWeighted average per ward of elective inpatient’s
excess bed-day

NHS Reference Costs 2015 to 2016131

Surgery 296

Orthopaedics 300

Oncology 397

Rehabilitation unit 241

Cardiology 318

Neurology 347

High-dependency unit 1026 Assumed critical care requiring support for 0 or 1
organ

NHS Reference Costs 2015 to 2016131

Intensive care unit 1595 Assumed critical care requiring support for ≥ 2 organs

NHS Reference Costs 2015 to 2016131

Medical team

Consultant

Medicine Per consultation 97 Time per consultation assumed as 32.9 minutes based
on the duration of a surgery consultation reported in
Curtis132Psychiatrist 99

Surgeon 100

Registrar 51

Physiotherapist 21 Annual salary is the same for hospital- or community-
based medical professionals

Time per consultation assumed as 32.9 minutes based
on the duration of a surgery consultation reported in
Curtis132

Dietitian 20

Occupational therapist 21

Phychologist (counsellor) 27

Speech therapist 20

Social worker 79 Assume 1 hour of client-related work (including
qualification) reported in Curtis and Burns62

Tests

CT Per test 108 NHS Reference Costs 2015 to 2016131

MRI 148 NHS Reference Costs 2015 to 2016131

Radiography 25 2016/17 national prices and national tariff
workbook133

Echocardiography 67 NHS Reference Costs 2015 to 2016131

Ultrasonography 53 NHS Reference Costs 2015 to 2016131

Blood tests 3 NHS Reference Costs 2015 to 2016131
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TABLE 75 Inpatient care unit costs of the resource used (continued )

Resource Unit of measure Unit cost (£) Comment/source

Mattresses type

HSFM Per day 0.08 Cost per mattress: £169, with an assumed durability of
6 years

Source: NICE134

APM 2.05 Cost per mattress: £3742, with an assumed durability
of 5 years

Source: NICE134

CT, computed tomography; MRI, magnetic resonance imaging.
a Excess bed-days were assumed as the cost of a patient stay in a service. This cost was chosen because the resource use

questionnaire allowed all other costs related to the patient stay to be estimated independently. Using the excess bed-day
as the cost per day avoids double counting the costs of the patients’ day bed.

TABLE 76 Care homes and rehabilitation unit costs

Resource Unit of measure Unit cost (£) Comment/source

Care homes

Residential care home Per week 638.05 Not-for-profit residential care homes for people aged
≥ 65 years62

Nursing home 888.22 Not-for-profit nursing home for people aged
≥ 65 years62

Rehabilitation unit

Hospital assessment Per stay 331 Cost per patient stay was estimated by adding the
per-stay costs plus the per-day costs and multiplying
by the number of days that the patient stayed in the
rehabilitation unit135

Discharge 536

Health services provided
by CART co-ordinator

428

Cost of typical episode 2957

Wages; overheads;
capital costs

Per day 101

CART, Community Assessment and Rehabilitation Team.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 77 Community care unit costs

Resource Unit of measure Unit cost (£) Comment/source

Outpatient care

GP

Surgery Per consultation 36 9.22 minutes per consultation62 at £3.90 per minute62

Clinic 67 17.2 minutes per consultation136 at £3.90 per
minute62

Telephone 28 7.1 minutes per consultation136 at £3.90 per minute62

Home visit 92 23.4 minutes per consultation including 12 minutes
travel time136 at £3.90 per minute62

Nurse

Surgery Per consultation 14 l £56 per hour, assuming a face-to-face contact
ratio of 1 : 0.30136

l 15 minutes per consultation135

Clinic 14 l £56 per hour assuming a face-to-face contact
ratio of 1 : 0.30136

l 15 minutes per consultation135

Telephone 6 l £56 per hour assuming a face-to-face contact
ratio of 1 : 0.30136

l 6 minutes per consultation

Home visit 23 l £56 per hour assuming a face-to-face contact
ratio of 1 : 0.30136

l 25 minutes per consultation including
travel time135

Physiotherapista

Surgery Per consultation 21 l 32.9 minutes per consultation132

l £38 per hour with qualifications62

Clinic 15 l 23.3 minutes per consultation132

l £38 per hour with qualifications62

Telephone 8 l 13.1 minutes per consultation132

l £38 per hour with qualifications62

Home visit 28 l Assumed same duration as surgery consultation
plus 12 minutes for travel time (as outpatient
GP consultation)

l £38 per hour with qualifications62

Counsellora

Surgery Per consultation 27 l 32.9 minutes per consultation132

l £49 per hour with qualifications62

Clinic 19 l 23.3 minutes per consultation132

l £49 per hour with qualifications62

Telephone 11 l 13.1 minutes per consultation132

l £49 per hour with qualifications62

Home visit 37 l Assumed same duration as surgery consultation
plus 12 minutes for travel time (as outpatient
GP consultation)

l £49 per hour with qualifications62
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TABLE 77 Community care unit costs (continued )

Resource Unit of measure Unit cost (£) Comment/source

Occupational therapya

Surgery Per consultation 21 32.9 minutes per consultation132

£38 per hour with qualifications62

Clinic 15 23.3 minutes per consultation132

£38 per hour with qualifications62

Telephone 8 13.1 minutes per consultation132

£38 per hour with qualifications62

Home visit 28 Assumed same duration as surgery consultation plus
12 minutes for travel time (as outpatient GP
consultation)

£38 per hour with qualifications62

Outpatient consultations

Surgery Per consultation 131 NHS Reference Costs 2015 to 2016 (DoH 2016)

Orthopaedics 118 NHS Reference Costs 2015 to 2016 (DoH 2016)

Oncology 152 NHS Reference Costs 2015 to 2016 (DoH 2016)

Cardiology 128 NHS Reference Costs 2015 to 2016 (DoH 2016)

Respiratory 156 NHS Reference Costs 2015 to 2016 (DoH 2016)

Urology 106 NHS Reference Costs 2015 to 2016 (DoH 2016)

Neurology 177 NHS Reference Costs 2015 to 2016 (DoH 2016)

Ophthalmology 91 NHS Reference Costs 2015 to 2016 (DoH 2016)

Rehabilitation 126 NHS Reference Costs 2015 to 2016 (DoH 2016)

Medicine 168 NHS Reference Costs 2015 to 2016 (DoH 2016)

A&E 138 NHS Reference Costs 2015 to 2016 (DoH 2016)

Radiology 85 NHS Reference Costs 2015 to 2016 (DoH 2016)

Rheumatology 144 NHS Reference Costs 2015 to 2016 (DoH 2016)

Social care

Meal on wheels

Hot Per meal 8.6 Community meals Leeds

Frozen 4 Community meals Leeds

Care worker Per patient visit 13.50 Assumes a 30-minute visit (63% of local authority
commissioned home-care visits lasted 16–30 minutes;62

the upper value is used here) at cost of £27 per
face-to-face visit at the weekend.62 It is assumed that
this is paid by the social care sector

Social worker Per hour 79 Assume 1 hour of client-related work (including
qualification) reported in Curtis and Burns62

a Annual salary is the same for hospital- or community-based medical professionals.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 79 Model parameters

Parameter description
Name in
model Meana SE/RSEb Distribution Source/comments

Probabilities

Probability of being discharged from hospital From the trial data: estimated
as the daily probability of being
discharged using the average
days in hospital per treatment
arm (APM: 12.87 days; HSFM
12.65 days) and assuming a
Poisson distribution

HSFM pDis 0.0269 0.00129 Beta

APM pDis_APM 0.0266 0.00132 Beta

Probability of developing a
first PU in hospital

pPU 0.0620 0.0056 Beta Overall value during the
treatment phase for participants
without a PU at randomisation

Probability of developing a
second PU in hospital

pPU2 0.018 0.0030 Beta Overall value during the
treatment phase for participants
without a PU at randomisation

Probability of developing a
PU for participants who
already had one at
randomisation

pPU_PU2 0.103 0.025 Beta Overall value during the
treatment phase for participants
with a PU at randomisation

HR of developing a PU in
the APM arm

HR_PU_APM 0.68 0.08 Log-normal HR derived from the mean
probability of participants
developing a PU during the
treatment phase

continued

TABLE 78 Within-trial analyses

Analysis Time horizon Outcome measure
Baseline
adjustment

Missing
data

Cost-effectiveness
analysis

Primary

ITT analysis 30 days after end
of treatment

QALYs (EQ-5D-5L) l EQ-5D-5L
l Costs

Imputed Cost per incremental
QALY

Secondary

1. Complete case 30 days after end
of treatment

QALYs (EQ-5D-5L) l EQ-5D-5L
l Costs

Excluded Cost per incremental
QALY

2. Baseline adjustment 30 days after end
of treatment

QALYs (EQ-5D-5L) None Imputed Cost per incremental
QALY

30 days after end
of treatment

QALYs (EQ-5D-5L) None Excluded Cost per incremental
QALY

3. Utility measures 30 days after end
of treatment

PU-QoL-UI l PU-QoL-UI
l Costs

Imputed Cost per incremental
PU-QoL-UI

30 days after end
of treatment

PU-QoL-UI l PU-QoL-UI
l Costs

Excluded Cost per incremental
PU-QoL-UI

EQ-5D-5L, EuroQol-5 Dimensions.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 79 Model parameters (continued )

Parameter description
Name in
model Meana SE/RSEb Distribution Source/comments

Probability of PU healing
(in hospital)

pHeal 0.44 0.041 Beta Preliminary data from the trial

HR of PU healing when
discharged with a PU

HR_heal 0.95 RSE: 0.05 Log-normal Assumed as 95% of that of
healing while in hospital

Mortality (probability to die) mr Age
dependant

Fixed Fixed Yearly probability of dying
National Life Tables, UK137

HR of death when having
a PU

HR_D.PU 1.92 RSE: 0.10 Log-normal Landi et al.74

Utilities

HRQoL utility at starting age
of 80 years

u80 0.717 Fixed – Szende et al.138

Disutility from being in
hospital

uDisutH 0.02 RSE: 0.05 Gamma Assumed

Percentage reduction in
utility for having one PU

uDisutPU2 65.8% Fixed – Assumed based on data from
Nixon et al.37 and frequency of
PU from Whittington and
Briones75

Disutility from having
two PUs

uDisutPU22 – – – Assumed as 150% of having
one PU (uDisutPU2)

Disutility typical at the end
of life

uTerminal.mean 0.2000 RSE: 0.05 Gamma Assumed

Costs

Daily standard hospital bed
costs HSFM arm

cPD_SHB_HSF £271.54 2.88 Gamma Average cost per day from
the trial

Daily standard hospital bed
costs APM arm

cPD_SHB_APM £265.12 4.09 Gamma Average cost per day from
the trial

Daily costs for HSFM cPD_HSF £0.08 RSE: 0.05 Gamma Based on durability of 6 years.
Cost of the mattress: £16912

Daily costs for APM
mattress

cPD_APM £2.05 RSE: 0.05 Gamma Based on durability of 5 years.
Cost of the mattress: £374212

Daily extra costs for
treatment of one PU in
hospital

cHPD2 £166.50 RSE: 0.05 Gamma Dealey et al.24

Daily costs for treatment of
one PU when discharged

cDPD2 £23.54 RSE: 0.05 Gamma Cost per hour of home
nursing62

Daily costs for treatment of
two or more PU when
discharged

cDOD22 £35.31 RSE: 0.05 Gamma Assumed as 1.5 of the cost of
treatment of one PU when
discharged

Extra costs typical at the
end of life (transition cost
when entering Dead state)

cTerminal.mean £20,000 RSE: 0.05 Gamma Halek et al.76 and Fassbender
et al.77

SE, standard error; RSE, relative standard error.
a The values reported here were adjusted accordingly to match the 3-day cycle length of the model.
b Values assumed proportionally to the mean. The SE was estimated as RSE*Mean.
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TABLE 80 Average per-patient hospital and residential care costs

Cost category

Trial arm (£)

p-value
(Wilcoxon)

APM HSFM

Mean Median SD Mean Median SD

Inpatient care

Medicine 834.69 0.00 1806.96 814.64 0.00 1535.37 0.51

Surgery 94.4 0.00 598.16 117.45 0.00 803.50 0.91

Orthopaedics 211.55 0.00 903.10 226.59 0.00 855.32 0.50

Oncology 31.78 0.00 367.01 11.99 0.00 217.26 0.16

Rehabilitation unit 1352.48 0.00 3421.90 1294.56 0.00 3222.63 0.89

Cardiology 93.11 0.00 1111.89 91.27 0.00 1067.90 0.84

Neurology 118.83 0.00 1462.47 55.21 0.00 939.43 0.30

High-dependency unit 42.62 0.00 743.15 58.89 0.00 1633.24 0.51

Intensive care unit 113.12 0.00 1460.78 276.27 0.00 3280.45 0.07*

Total inpatient care costs 2810.08 1897.00 4513.13 2888.68 1897.00 5372.53 0.54

Medical team

Consultant 44.06 0.00 75.08 48.06 0.00 73.69 0.22

Registrar 56.69 0.00 190.27 71.80 0.00 390.67 0.69

Physiotherapist 104.69 62.64 123.90 108.31 83.52 131.26 0.31

Dietitian 9.00 0.00 25.52 9.424 0.00 30.80 0.81

Occupational therapist 40.05 0.00 80.29 39.375 20.87 79.68 0.60

Psychologist (counsellor) 5.47 0.00 40.51 5.049 0.00 30.80 0.89

Speech therapist 11.53 0.00 49.99 13.61 0.00 46.67 0.12

Social worker 17.02 0.00 58.16 11.33 0.00 40.45 0.038**

Total medical team costs 288.55 176.00 346.28 306.97 180.52 548.59 0.71

Tests

CT 11.885 0.00 39.26 12.88 0.00 41.90 0.68

MRI 6.191 0.00 36.79 6.702 0.00 31.84 0.37

Radiography 7.713 0.00 23.011 9.856 0.00 26.27 0.10

Echocardiography 0.10 0.00 2.663 0.10219 0.00 2.62 0.98

Ultrasonography 0.74 0.00 6.22 0.720 0.00 6.143 0.95

Bloods 5.900 3.13 9.556 7.14 3.13 15.829 0.19

Total tests costs 32.53 0.00 70.59 37.41 0.00 79.32 0.07*

Mattress

Mattress type 28.8 14.34 26.3 1.05 0.54 0.93 0.00

Residential care

Care home 177.07 0.00 936.60 140.2 0.00 603.08 0.19

Nursing home 285.02 0.00 719.53 140.25 0.00 967.151 0.63

Rehabilitation unit 324.62 0.00 1503.61 432.66 0.00 1722.34 0.13

Total residential care cost 786.72 0.00 1820.84 837.10 0.00 1959.86 0.97

*p < 0.1, **p < 0.05.
CT, computed tomography; MRI, magnetic resonance imaging.
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TABLE 81 Average per-patient community cost

Cost category

Trial arm (£)

p-value
(Wilcoxon)

APM HSFM

Mean Median SD Mean Median SD

GP

Surgery 6.594 0.00 20.74 5.298 0.00 18.678 0.42

Clinic 2.097 0.00 21.00 0.417 0.00 5.305 0.38

Telephone 8.713 0.00 28.128 6.494 0.00 21.02 0.018**

Home visit 65.62 0.00 109.15 64.78 0.00 93.78 0.44

Total GP costs 83.03 0.00 113.2 76.99 0.00 95.08 0.8673

Nurse

Surgery 0.7585 0.00 4.093 1.452 0.00 11.87 0.87

Clinic 0.0291 0.00 0.641 0.087 0.00 1.921 0.99

Telephone 0.070 0.00 0.7237 0.0348 0.00 0.442 0.47

Home visit 57.19 0.00 155.47 83.26 0.00 209.5 0.089

Total nurse costs 58.05 0.00 155.32 84.83 0.00 209.31 0.065*

Physiotherapist

Surgery 2.039 0.00 28.12 2.895 0.00 30.68 0.40

Clinic 1.79 0.00 13.97 0.617 0.00 6.91 0.01**

Telephone 0.3471 0.00 3.29 0.378 0.00 3.91 0.81

Home visit 39.91 0.00 107.29 58.30 0.00 146.67 0.03

Total physiotherapist costs 44.10 0.00 110.72 62.19 0.00 148.62 0.060*

Counsellor

Surgery 0.00 0.00 0.00 0.00 0.00 0.00 –

Clinic 0.00 0.00 0.00 0.00 0.00 0.00 –

Telephone 0.00 0.00 0.00 0.090 0.00 1.99 0.31

Home visit 1.146 0.00 18.93 0.228 0.00 3.749 0.41

Total counsellor costs 1.1466 0.00 18.93 0.318 0.00 4.971 0.411

Occupational therapist

Surgery 0.2169 0.00 3.161 1.944 0.00 26.50 0.30

Clinic 0.6508 0.00 9.360 0.030 0.00 0.680 0.10

Telephone 0.165 0.00 1.775 0.263 0.00 3.39 0.60

Home visit 14.694 0.00 46.71 20.68 0.00 87.56 0.38

Total occupational therapy cost 15.72 0.00 47.54 22.9 0.00 91.09 0.306

Home care

Frozen meals 2.11 0.00 17.03 3.28 0.00 18.69 0.23

Hot meals 4.99 0.00 43.53 3.34 0.00 28.57 0.64

Laundry 0.61 0.00 5.58 0.698 0.00 5.51 0.64

Care worker 190.22 0.00 640.9 147.21 0.00 367.64 0.38

Social worker 7.508 0.00 31.26 13.49 0.00 106.46 0.53

Total home-care cost 205.45 0.00 645.92 168.03 0.00 168.03 0.56

*p < 0.1, **p < 0.05.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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TABLE 82 Average per-patient outpatient services costs

Cost category

Trial arm (£)

p-value
(Wilcoxon)

APM HSFM

Mean Median SD Mean Median SD

Outpatient specialist

Surgery 6.50 0.00 55.62 6.21 0.00 45.33 0.84

Orthopaedic 11.21 0.00 42.16 21.37 0.00 71.92 0.003**

Oncology 3.46 0.00 38.46 4.70 0.00 45.14 0.41

Cardiology 3.45 0.00 23.91 7.42 0.00 38.96 0.07*

Respiratory 2.25 0.00 21.19 1.60 0.00 15.77 0.75

Urology 4.82 0.00 50.86 5.021 0.00 60.16 0.67

Medicine 11.49 0.00 57.76 15.25 0.00 115.54 0.76

Neurology 1.83 0.00 17.92 0.36 0.00 8.035 0.10

Rehabilitation 1.30 0.00 12.78 1.30 0.00 15.10 0.73

Ophthalmology 2.07 0.00 15.97 2.25 0.00 15.37 0.66

Rheumatology 0.29 0.00 6.54 0.59 0.00 9.22 0.56

A&E 1.72 0.00 17.79 2.00 0.00 20.82 0.99

Radiology 0.88 0.00 10.22 0.35 0.00 7.73 0.17

Total 51.33 0.00 123.41 68.45 0.00 167.57 0.05**

Tests

CT 0.00 0.00 0.00 0.44 0.00 6.92 0.15

MRI 0.61 0.00 9.50 0.00 0.00 0.00 0.15

Radiography 0.10 0.00 1.60 0.41 0.00 3.56 0.09*

Ultrasonography 0.55 0.00 6.35 0.33 0.00 5.37 0.41

Bloods 0.00 0.00 0.00 0.013 0.00 0.20 0.15

Total 1.26 0.00 11.50 1.19 0.00 9.40 0.28

*p < 0.1, **p < 0.05.
A&E, accident and emergency; CT, computed tomography; MRI, magnetic resonance imaging.
Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 83 Average per-patient utility values (EQ-5D-5L, PU-QoL-UI)

Time point Mean (SD), median

Trial arm, mean (SD), median p-value
(base case;
Wilcoxon)APM HSFM

EQ-5D-5L

Baseline 0.34 (0.23), 0.33 0.34 (0.22), 0.32 0.34 (0.23), 0.33 0.87

Week 1 0.41 (0.22), 0.40 0.41 (0.21), 0.40 0.41 (0.22), 0.40 0.50

Week 3 0.47 (0.19), 0.47 0.47 (0.18), 0.47 0.46 (0.20), 0.47 0.65

30 days after the end of the treatment phase 0.52 (0.22), 0.53 0.52 (0.21), 0.54 0.52 (0.22), 0.53 0.49

PU-QoL-UI

Baseline 0.60 (0.16), 0.60 0.60 (0.16), 0.60 0.60 (0.16), 0.60 0.96

Week 1 0.65 (0.14), 0.66 0.65 (0.14), 0.66 0.65 (0.14), 0.65 0.52

Week 3 0.69 (0.12), 0.71 0.69 (0.11), 0.71 0.69 (0.12), 0.70 0.65

30 days after the end of the treatment phase 0.68 (0.13), 0.69 0.69 (0.13), 0.70 0.69 (0.13), 0.69 0.28

Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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Sensitivity analyses for within-trial analyses

TABLE 84 Complete case, with baseline adjustment for QALYs and costs

Strategy

Total cost
(adjusted)
(£)

Total QALY
(adjusted)

Incremental
cost (£)

Incremental
QALY ICER (£) NMB (£)

Probability
of being
cost-effective
(at £20,000
threshold) Result

HSFM 7441 0.080 –5834 0.86 Cost-effective

APM 7579 0.076 138 –0.0043 –31,721 –6059 0.14 Dominated

Adapted from Nixon et al.44 © The Authors, 2019. This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon
this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.

TABLE 85 Intention to treat, without baseline adjustment for QALYs and costs

Strategy

Total
cost (not
adjusted)
(£)

Total
QALY (not
adjusted)

Incremental
cost (£)

Incremental
QALY ICER (£) NMB (£)

Probability
of being
cost-effective
(at £20,000
threshold) Result

APM 4534 0.128 –1980 0.76 Cost-effective

HSFM 4647 0.127 113 –0.0011 –102,406 –2114 0.24 Dominated

Note
Interventions have been ranked based on costs. The more costly mattress is listed second in this table.

TABLE 86 Complete case, without baseline adjustment for QALYS and costs

Strategy

Total
cost (not
adjusted)
(£)

Total
QALY (not
adjusted)

Incremental
cost (£)

Incremental
QALY ICER (£) NMB (£)

Probability
of being
cost-effective
(at £20,000
threshold) Result

HSFM 7454 0.080 –5847 0.63 Cost-effective

APM 7555 0.076 101 –0.0044 –22,888 –6035 0.37 Dominated

Note
Interventions have been ranked based on costs. The more costly mattress is listed second in this table.

TABLE 87 Intention-to-treat PU-QoL-UI-derived QALYs and costs, with baseline adjustment

Strategy
Total cost
(£)

Total
PU-QoL-UI

Incremental
cost (£)

Incremental
PU-QoL-UI ICER (£) NMB (£)

Probability
of being
cost-effective
(at £20,000
threshold) Result

APM 4533 0.1824 –855 1 Cost-effective

HSFM 4646 0.1815 –113 –0.0009 125,555 –1016 0 Dominated
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TABLE 88 Complete-case PU-QoL-UI-derived QALYs and costs, with baseline adjustment

Strategy
Total cost
(£)

Total
PU-QoL-UI

Incremental
cost (£)

Incremental
QALY ICER (£) NMB (£)

Probability
of being
cost-effective
(at £20,000
threshold) Result

HSFM 7542 0.128 4967 0.70 Cost-effective

APM 7571 0.124 28 –0.005 5627 5096 0.30 Dominated

TABLE 89 Complete-case using only baseline and 30-day post-discharge measurements, with baseline adjustment
for QALYs and costs

Strategy

Total cost
(adjusted)
(£)

Total
QALY
(adjusted)

Incremental
cost (£)

Incremental
QALY ICER (£) NMB (£)

Probability
of being
cost-effective
(at £20,000
threshold) Result

APM 5171 0.0615 –3941.00 0.09 Dominated

HSFM 5276 0.0608 105 –0.0007 –151,411 –4059.89 0.91 Cost-effective

Note
Interventions have been ranked based on costs. The more costly mattress is listed second in this table.

TABLE 90 Complete-case using only baseline and 30-day post-discharge measurements, without baseline
adjustment for QALYs and costs

Strategy

Total
cost (not
adjusted)
(£)

Total
QALY (not
adjusted)

Incremental
cost (£)

Incremental
QALY ICER (£) NMB (£)

Probability
of being
cost-effective
(at £20,000
threshold) Result

APM 5165 0.0612 –3941.52 0.92 Cost-effective

HSFM 5276 0.0617 111 0.0005 218,009 –4042.39 0.08 –

Note
Interventions have been ranked based on costs. The more costly mattress is listed second in this table.

TABLE 91 Sensitivity analysis of the lifetime model

Scenario Baseline result
New
ICER (£) New result

10% increase in cost of PU treatment (in hospital) ICER –£18,979
APM dominates

–19,471 APM dominates

10% increase in cost of home-care PU treatment (once discharged) –18,506 APM dominates

10% decrease in cost of PU treatment (in hospital) –19,143 APM dominates

10% decrease in cost of home-care PU treatment (once discharged) –18,888 APM dominates

20% increase in cost of APM –18,888 APM dominates

50% increase in cost of APM –18,761 APM dominates

10% increase in QALY loss as a result of having a PU –18,607 APM dominates

10% decrease in QALY loss as a result of having a PU –19,586 APM dominates

DOI: 10.3310/hta23520 HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 52

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Nixon et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

165





Appendix 6 Pressure Ulcer Quality of Life –
Prevention: supplementary tables

TABLE 92 Psychometric tests and criteria (adapted from Gorecki et al.48 and Rutherford et al.102)

Psychometric
property Definition/test Criteria for acceptability

Item analysis Identify items for possible elimination as a result
of weak psychometric performance, assessed on
the basis of:

l exploratory factor analysis (EFA) with
principal axis factoring

l item- and scale-level analyses

Exploratory factor analysis:

l items with a factor-loading coefficient of
≥ 0.3 will be retained in each subscale

Applied to all items:

l missing data of < 5%
l item-total correlations of ≥ 0.25
l maximum endorsement frequencies of

< 80% (i.e. the proportion of respondents
who endorse each response category),
including floor/ceiling effects of < 80%
(i.e. response categories with high
endorsement rates at the bottom/top ends
of the scale, respectively)

l evidence of item responsiveness as assessed
by significant improvement between
baseline and test-of-cure assessments
(assessed in Field Test 2 only)

Data quality The quality of data, assessed by completeness
of data and score distributions

l Missing data for summary scores of < 20%
l Normal distribution of endorsement

frequencies across response categories
(i.e. absence of skew, endorsement rates
between 0.20 and 0.80)

l Floor/ceiling effects for summary scores
of < 10%

Reliability

Internal consistency The extent to which items comprising a scale
measure the same construct (e.g. homogeneity
of the scale), assessed by Cronbach’s alpha and
item-total correlations

l Cronbach’s alphas for summary scores of
≥ 0.70

l Item-total correlations ≥ 0.30

Validity

Construct validity

Within-scale
analyses

Evidence that a single entity (construct) is being
measured and that items can be combined to
form a summary score, assessed on the basis
of evidence of good internal consistency
and correlations between scale scores
(which purport to measure related aspects
of the construct)

l EFA: items with a factor-loading coefficient
of ≥ 0.3 moderate to high correlations
between scale scores

Analyses against
external criteria

continued
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TABLE 92 Psychometric tests and criteria (adapted from Gorecki et al.48 and Rutherford et al.102) (continued )

Psychometric
property Definition/test Criteria for acceptability

Convergent validity Evidence that the scale is correlated with other
measures of the same or similar constructs,
assessed on the basis of correlations between
the measure and other similar measures

l Correlations are expected to vary in
accordance with the degree of similarity
between the constructs that are being
measured by each instrument. Specific
hypotheses are formulated and predictions
tested on the basis of correlations

Known-groups
differences

The ability of a scale to differentiate known
groups, assessed by comparing scores for
subgroups who are expected to differ on the
construct being measured

l Significant differences between known
groups or difference of expected magnitude

Responsiveness The ability of a scale to detect clinically
significant change following treatment of
known efficacy, assessed by examining
within-person change scores before and
after treatment and calculating an effect size
statistic (mean change score divided by SD of
pre-treatment scores)

l Moderate to large effect sizes (small 0.2,
moderate 0.5 or large ≥ 0.8)

EFA, exploratory factor analysis.

TABLE 93 Baseline data (n= 619): PU-QoL-P scale data completeness and targeting

Scale (n items)

Data
completeness:
computable
scale score (%)

Targeting

Possible
score
range

Range
mid-point

Observed
score range

Mean
scorea SD

Floor/ceiling
effectb (%) Skewness

Pain (12) 617 (100) 0–100 50 0–100 20.90 24.594 37.5/0.8 1.130

Exudate (8) 62c (100) 0–100 50 0–86 5.83 15.525 75.8/1.6 3.749

Odour (6) 62c (100) 0–100 50 0–25 0.54 3.330 96.8/1.6 6.927

Sleep (7) 538 (87.2) 0–100 50 0–100 21.72 30.880 53.0/4.7 1.274

Movement and
mobility (9)

449 (72.8) 0–100 50 0–100 36.67 38.022 42.1/12.7 0.442

Daily activities (6) 446 (72.3) 0–100 50 0–100 20.50 32.734 64.1/5.7 1.346

Malaise (5) 449 (72.8) 0–100 50 0–100 18.01 30.386 67.0/5.0 1.537

Emotional
well-being (15)

514 (83.3) 0–100 50 0–100 15.83 27.965 63.6/2.7 1.744

Self-consciousness
and appearance
(7 items)

518 (83.9) 0–100 50 0–100 8.70 20.131 75.3/1.1 2.730

Itchiness (1) 549 (89.0) 0–100 50 0–100 12.28 27.496 81.3/5.8 2.165

Global QoL (1) 565 (916) 0–100 50 0–100 47.639 38.592 32.2/27.5 0.081

a High scores indicate great bother/impact.
b Floor effect is the percentage scoring 100 (greatest bother/impact); ceiling effect is the percentage scoring 0 (least

bother/impact).
c Sample n = 62; only patients with a category ≥ 2 PU complete exudate and odour scales.

APPENDIX 6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

168



TABLE 94 Baseline data (n= 1423): SF-12 scale data completeness and targeting

Scale (n items)

Data
completeness:
computable
scale score (%)

Targeting

Possible
score
range

Range
mid-point

Observed
score range

Mean
scorea SD

Floor/ceiling
effectb (%) Skewness

Physical
functioning (2)

1415 (99.4) 0–100 50 0–100 8.608 20.281 80.3/1.6 2.641

Role-physical (2) 1399 (98.3) 0–100 50 0–100 21.497 23.653 37.7/2.0 1.207

Bodily pain (1) 1359 (95.5) 0–100 50 0–100 51.51 37.040 20.0/25.5 –0.003

General health (1) 1413 (99.3) 0–100 50 0–100 34.32 30.321 29.2/2.8 0.488

Vitality (1) 1369 (96.2) 0–100 50 0– 100 22.52 25.636 45.1/2.2 1.043

Social functioning
(1)

1345 (94.5) 0–100 50 0–100 47.73 41.620 33.1/30.1 0.105

Role-emotional
(2)

1382 (97.1) 0–100 50 0–100 65.41 32.008 5.3/32.9 –0.449

Mental health (2) 1373 (96.5) 0–100 50 0–100 56.39 25.504 3.2/5.8 –0.230

Physical
component score

1356 (95.3) 0–100 50 10–59 30.55 7.700 0.1/0.1 0.259

Mental
component score

1355 (95.2) 0–100 50 13–75 45.16 12.275 0.1/0.1 –0.176

a High scores indicate better health status (or less bother/impact).
b Floor effect is the percentage scoring 100 (least bother/impact); ceiling effect is the percentage scoring 0 (greatest

bother/impact).

TABLE 95 PU-QoL-P function items: exploratory factor analysis with oblimin rotation

Item

Factors and loadings (exploratory factor analysis)a

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

EW: frustrated 0.816

EW: fed: up 0.811

EW: miserable 0.792

EW: concerned/worried 0.762

EW: annoyed/irritated 0.750

EW: anxious 0.737

EW: no control 0.726

EW: dependent 0.713

EW: burden on others 0.687

EW: missing out 0.668

EW: cut: off/isolated 0.624

EW: depressed 0.622

SCA: helpless 0.616

EW: lonely 0.596

EW: angry 0.524

continued
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TABLE 95 PU-QoL-P function items: exploratory factor analysis with oblimin rotation (continued )

Item

Factors and loadings (exploratory factor analysis)a

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

MM: limited in using stairs 0.946

MM: walking slowed 0.910

MM: difficulty standing 0.897

MM: limited in ability to walk 0.891

MM: difficulty transferring 0.796

DA: toilet 0.753

DA: washing self 0.740

DA: dressing 0.737

DA: doing regular activities 0.657

MM: difficulty pushing up 0.612

MM: difficulty adjusting 0.522 0.377

MM: difficulty turning 0.521 0.357

DA: doing things you enjoy 0.507

MM: difficulty sitting 0.485

M: appetite 0.332 0.319

S: kept awake 0.858

S: not getting sleep 0.812

S: woken during sleep 0.797

S: interrupted sleep 0.746

S: trouble falling asleep 0.735

S: sleep in one position 0.613

S: uncomfortable 0.318 0.568

M: unwell 0.493

M: fatigued 0.310 0.487

M: reduced energy –0.377 0.425

M: tired 0.389 0.422

SCA: uneasy being close 0.831

SCA: lack understanding from others 0.750

SCA: embarrassed 0.699

SCA: physically unattractive 0.612

SCA: self: conscious 0.549

EW: people treat you differently 0.492

SCA: lack confidence 0.357 0.483

DA: intimacya

DA, daily activities scale; EW, emotional well-being scale; M, malaise scale; MM, movement and mobility scale; S, sleep
scale; SCA, self-consciousness and appearance scale.
a Principal axis factoring extraction with a direct oblimin rotation with Kaiser normalisation to allow factors to be

correlated. Rotation converged in 13 iterations.
Note
Only factor-loading coefficients of ≥ 0.3 are presented.
Items with a factor-loading coefficient of ≥ 0.4 are retained in each factor (scale).
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TABLE 96 Spearman’s rho correlations between PU-QoL-P and SF-12 scales (convergent validity)

Scale (n items) Physical function (2) Role-physical (2) Bodily pain (1) General health (1) Vitality (1) Social function (1) Role-emotional (2) Mental health (2)

Pain (12) 0.072 0.109** 0.320** 0.220** 0.168** 0.046 0.201** 0.261**

Exudate (8) 0.005 0.112 0.036 0.046 0.237 0.183 0.229 0.279*

Odour (4) 0.118 0.235 0.109 0.149 0.022 0.154 0.160 0.063

Sleep (7) 0.143** 0.137** 0.283** 0.203** 0.110* 0.008 0.246** 0.282**

Movement and
mobility (9)

0.151** 0.133** 0.350** 0.214** 0.171** 0.036 0.299** 0.300**

Daily activities (6) 0.086 0.071 0.197** 0.139** 0.027 0.046 0.238** 0.218**

Malaise (5) 0.030 0.017 0.229** 0.205** 0.024 0.076 0.293** 0.274**

Emotional well-being (15) 0.034 0.037 0.227** 0.179** 0.012 0.030 0.323** 0.275**

Self-consciousness and
appearance (7)

0.034 0.053 0.219** 0.119** 0.053 0.045 0.249** 0.206**

Itchiness (1) 0.006 0.080 0.130** 0.071 0.033 0.030 0.100* 0.100*

*Correlation is significant at the 0.05 level (two-tailed test).
**Correlation is significant at the 0.01 level (two-tailed test).
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TABLE 97 Known groups: no PU at baseline vs. category 2 PU at baseline

PU-QoL-P scales (n items)

Sample size, n Category 2 PU at baseline No PU at baseline

p-value*
Mean
difference CI for difference Effect size

Category 2 PU
at baseline

No PU at
baseline Mean SD Mean SD

Pain (12) 18 151 13.342a 21.520 10.908 20.679 0.639 2.434 –7.79 to 12.66 0.12

Exudate (8) 3 2 28.274a 43.671 18.750 26.517 0.805 9.524 –103.21 to 122.26 0.25

Odour (6) 3 2 33.333a 57.735 25.000 35.355 0.870 8.333 –140.91 to 157.57 0.16

Sleep (7) 15 143 13.571a 31.258 8.851 19.661 0.408 4.720 –6.52 to 15.96 0.23

Movement and mobility (9) 15 132 17.287a 34.338 13.177 28.387 0.604 4.110 –11.52 to 19.74 0.14

Daily activities (6) 15 134 16.111a 31.255 7.152 20.055 0.126 8.959 –2.54 to 20.46 0.42

Malaise (5) 12 124 11.667a 30.101 7.950 22.254 0.594 3.717 –10.04 to 17.47 0.16

Emotional well-being (15) 17 145 7.010a 20.179 5.733 16.825 0.772 1.277 –7.43 to 9.98 0.07

Self-consciousness and
appearance (7)

18 145 2.381 10.102 2.716 10.931 0.902 –0.335 –5.69 to 5.02 –0.03

* Independent t-test, 0.05 significance value.
a As expected, mean scores were higher in the category 2 PU group than in the no category 2 PU group; higher scores indicate worse symptom burden or impaired function.
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TABLE 98 Known groups: Braden score – completely limited vs. no/slight impairment

PU-QoL-P scales (n items)

Sample size, n Completely limited No/slight impairment

p-value
Mean
difference CI for difference Effect size

Completely
limiteda

No/slight
impairmenta Mean SD Mean SD

Pain (12) 31 164 16.50 27.628 24.65 24.724 0.100 –8.157 –17.890 to 1.576 –0.32

Exudate (8) 4 26 0.00 0.000 2.68 8.886 0.557 –2.679 –11.916 to 6.559 –0.32

Odour (6) 4 26 0.00 0.000 0.96 4.903 0.702 –0.962 –6.058 to 4.135 –0.21

Sleep (7) 28 149 21.30 33.397 20.28 27.745 0.864 1.017 –10.645 to 12.680 0.04

Movement and mobility (9) 20 146 49.38 44.632 28.72 33.020 0.013* 20.651 4.378 to 36.924 0.60

Daily activities (6) 15 134 35.56 43.240 14.14 26.505 0.007* 21.414 6.065 to 36.762 0.75

Malaise (5) 22 136 24.09 31.609 15.63 30.086 0.226 8.466 –5.286 to 22.218 0.28

Emotional well-being (15) 24 147 16.03 26.241 13.01 26.260 0.602 3.017 –8.395 to 14.429 0.12

Self-consciousness and appearance (7) 25 145 12.29 24.530 6.69 16.014 0.141 5.596 –1.880 to 13.072 0.32

* Independent t-test, 0.05 significance value.
a Braden scores were recoded to create a dichotomous variable: completely limited (values range from 6 to 12) vs. no/slight impairment (values range from 18 to 23).
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Modified scales post hoc analysis

TABLE 99 Known groups: location – torso only vs. limb only

PU-QoL-P scales
(n items)

Sample size,
n Limb Torso

p-value*
Mean
difference

CI for
difference

Effect
sizeLimb Torso Mean SD Mean SD

Pain (12) 29 96 23.55 25.551 25.10 25.321 0.773 –1.550 –12.19 to
9.09

–0.06

Exudate (8) 8 46 1.56 4.419 5.28 14.982 0.492 –3.720 –14.51 to
7.07

–0.27

Odour (6) 8 46 0.00 0.00 0.72 3.859 0.601 –0.720 –3.48 to
2.04

–0.20

Sleep (7) 25 89 26.90 34.537 23.53 31.505 0.644 3.370 –11.06 to
17.80

0.10

Movement and
mobility (9)

22 74 35.32 41.949 38.57 35.930 0.721 –3.250 –21.26 to
14.76

–0.09

Daily activities (6) 21 77 22.62 37.652 20.28 31.701 0.774 2.340 –13.80 to
18.48

0.07

Malaise (5) 19 71 24.74 38.350 21.62 34.297 0.732 3.120 –14.93 to
21.17

0.09

Emotional well-being
(15)

24 85 20.76 34.829 12.07 23.227 0.154 8.690 –3.30 to
20.68

0.33

Self-consciousness and
appearance (7)

23 87 18.17 30.965 6.73 16.352 0.017 11.440 2.05 to
20.83

0.57

* Independent t-test, 0.05 significance value.

TABLE 100 The Pressure Ulcer Quality of Life – Prevention scale-level analyses: reliability and scaling assumptions –
validity within-scale analysis, modified

PU-QoL-P scales (n items)

Internal consistency

Mean IIC IICa
Scaling assumptions:
corrected ITCan

Cronbach’s
alpha

Daily activities (5) 189 0.959 0.789 0.644–0.901 0.750–0.927

Malaise (4) 224 0.921 0.743 0.634–0.849 0.715–0.879

Emotional well-being (15) 215 0.971 0.689 0.513–0.899 0.682–0.878

Self-consciousness and appearance (7) 295 0.914 0.645 0.502–0.795 0.681–0.812

SEM, standard error of the mean.
a Range.
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TABLE 101 Spearman’s rho correlations between PU-QoL-P and SF-12 scales (convergent validity)

Scale (n items)

Physical
function
(2)

Role-
physical
(2)

Bodily
pain (1)

General
health
(1)

Vitality
(1)

Social
function
(1)

Role-
emotional
(2)

Mental
health
(2)

Daily activities (5) 0.120* 0.130** 0.224** 0.184** 0.085 0.047 0.278** 0.266**

Malaise (4) 0.046 0.004 0.253** 0.244** 0.039 0.062 0.312** 0.312**

Emotional
well-being (15)

0.044 0.041 0.227** 0.184** 0.003 0.023 0.343** 0.294**

Self-consciousness
and appearance (7)

0.030 0.048 0.216** 0.137** 0.039 0.054 0.246** 0.230**

*Correlation is significant at the 0.05 level (two-tailed test).
**Correlation is significant at the 0.01 level (two-tailed test).
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