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Abstract
The effective approach on pressure ulcer (PU) prevention regarding patient safety in the

hospital context was evaluated. Studies were identified from searches in EBSCO host,

PubMed, and WebofScience databases from 2009 up to December 2018. Studies were

selected if they were published in English, French, Portuguese, or Spanish; incidence of

PUs was the primary outcome; participants were adults (≥18 years) admitted in hospital

wards and/or units. The review included 26 studies. Studies related to prophylactic

dressings applied in the sacrum, trochanters, and/or heels, education for health care pro-

fessionals, and preventive skin care and system reminders on-screen inpatient care plan

were effective in decreasing PUs. Most of the studies related to multiple intervention

programmes were effective in decreasing PU occurrence. Single interventions, namely

support surfaces and repositioning, were not always effective in preventing PUs.

Repositioning only was effective when supported by technological pressure-mapping

feedback or by a patient positioning system. Risk-assessment tools are not effective in

preventing PUs. PUs in the hospital context are still a worldwide issue related to patient

safety. Multiple intervention programmes were more effective in decreasing PU occur-

rence than single interventions in isolation. Single interventions (prophylactic dressings,

support surfaces, repositioning, preventive skin care, system reminders, and education

for health care professionals) were effective in decreasing PUs, which was always in

compliance with other preventive measures. These results provide an overview of effec-

tive approaches that should be considered when establishing evidence-based guidelines

to hospital health care professionals and administrators for clinical practice effective in

preventing PUs.

KEYWORD S

effectiveness, hospital-acquired pressure ulcers, patient safety, pressure injury, prevention

1 | INTRODUCTION

Despite all advances in health care, pressure ulcers (PUs)
remain an old worldwide public health problem related to

patient safety.1-3 Hospital-acquired PUs are one of the most
harmful events in the clinical context.1,2

PUs, recently known as pressure injuries,4-6 are defined
as skin injuries and/or underlying tissue damage localised
over a bony prominence, resulting from pressure force
and/or pressure combined with shear.7 PUs result in
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significant physical, psychological, and social problems
related to lower quality of life, increasing dependence, and
frailty of patients.8 They increase health care costs2,8,9 and
are recognised as an indicator of the quality of care provided
in health care institutions.4 In most of the clinical contexts,
PUs are predictable and preventable with interventions and
evidence-based practice guidelines.4,7

PUs are a complex phenomenon and, although there are
many risk factors identified,10 the most common are mobil-
ity, activity, skin moisture, nutritional status, and sensorial
perception.11 Risk-assessment tools are part of a structured
process used to identify risks of individuals or patients to
develop a PU.7,12 However, there is no evidence that risk-
assessment scales were effective in reducing PUs.13 Multiple
intervention programmes like “care bundles” in a clinical
practice context seem to improve patient outcomes in terms
of PU incidence with a small set of interventions performed
collectively and reliably.4 Inconsistent adherence of health
care professionals to evidence-based guidelines remains a
major issue in nursing practice.14,15 Considering the negative
outcomes emerging from PU occurrence, prevention is
highlighted as the priority measure to be enhanced at both
the national level7 and the international level.16 Furthermore,
prevention of PUs is substantially cheaper than the treatment
of these wounds in a long-term scenario.2 Indeed, many
interventions are recommended by the international PU pre-
vention guidelines7 but it is not clearly known whether
which interventions make difference in decreasing PU inci-
dence in hospitalised patients. Therefore, this study aimed to
evaluate the evidence available regarding effective
approaches to PU prevention in hospitalised adults, using
the range of decreasing incidence to measure effectiveness.
In order to establish a solid search strategy and reporting,
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines were followed. The
participants, interventions, comparisons, outcomes, and
study design (PICOS) to be included in this review were as
follows: participants, hospitalised adults; interventions, PU
prevention strategies; comparisons, control group, usual
care, or competing technologies/products; outcomes, PU
incidence; study design, cross-sectional, prospective and ret-
rospective cohort, comparative, pre-test and post-test, quasi-
experimental, experimental, randomised control trial (RCT),
and mixed-method studies.

2 | METHODS

This systematic review was performed and recorded in
accordance with the PRISMA guidelines.17 The primary out-
come measured was the incidence of PUs among adult
patients cared for in acute settings.

2.1 | Inclusion criteria

Primary source articles published from 2009 (regarding 1st
edition of international guidelines—7 to December 2018 were
eligible for inclusion if data were related to the effectiveness
of PU prevention. All quantitative, original research studies
including human studies were included considering the spe-
cific eligibility criteria as follows: (a) cross-sectional, pro-
spective and retrospective cohort, comparative, pre-test and
post-test, quasi-experimental, experimental, RCT, and mixed-
method study design (study design criterion); (b) studies on
incidence of PUs (outcome measure criterion); (c) adults
admitted in hospital wards or any type of acute unit (partici-
pants criterion); and (d) articles published in English, French,
Portuguese, or Spanish were included (language criterion).

2.2 | Search strategy and study selection

Studies were comprehensively identified by searching the
following electronic databases: PubMed, Web of science,
and EBSCO (CINAHL; MEDLINE; Nursing & Allied
Health; Cochrane Central Register of Controlled Trials;
Library, Information Science & Technology Abstracts;
MedicLatina). The search aimed to identify peer-reviewed

Key Points
• single strategies, such as support surfaces and

repositioning, are not always effective in
preventing PU development and do not allow
drawing strong conclusions

• risk-assessment tools did not decrease the inci-
dence of PUs, but help in identifying some indi-
vidual risk factors;

• system reminders and visual reminders in bedside
on-screen inpatient care plan can be an effective
measure to prevent PUs; They remind health care
professionals of repositioning regimens and early
mobilisation of patients, and to identify which
patients are at high risk to develop PUs

• prophylactic dressings were effective in
preventing PU on heels, trochanters, and sacrum,
mostly when applied in the emergency depart-
ment or on the first 24 hours of admission; time
spent in the emergency department should be
considered as an additional and individual risk
factor to develop PUs

• multiple intervention programmes such as care bun-
dles, tailored to specific wards or units and associ-
ated with wound care nurses rounds and audits, were
the most effective approach to decrease the incidence
of PUs
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articles published from January 2009 (regarding 1st edition
of international guidelines—7 up to December 2018. The
search terms were as follows: “pressure ulcer*” OR “pres-
sure injur*” AND “prevent*” OR “incidence” AND
“effectiv*” (Figure 1). Retrieved titles and abstracts were
independently assessed for eligibility for inclusion by two
authors (S.G., M.P.). Duplicate entries were removed. Rele-
vant articles were then retrieved for a full reading. The refer-
ences to those articles were searched to find any other
relevant studies. The same two authors reviewed the text of
potential studies, and decisions to include or exclude studies
in the review were made by consensus.

2.3 | Data extraction and harmonisation

A data extraction form was developed based on the PRI-
SMA statement.18 Relevant data were extracted from manu-
scripts by one author (S.G.); coding was verified by two
authors (S.G., M.P.) according to the subjects of the interna-
tional guidelines to PU prevention.7 Disagreements were
resolved by discussion among the authors. Data extracted
included guideline elements, author/year, study design, sam-
ple size/age, setting/country, study quality, and outcomes
presented in a consistent manner.

2.4 | Study analysis, quality, and risk of bias

Study quality was assessed using the evidence-based librari-
anship (EBL) Critical Appraisal checklist.19 This tool
assessing validity, applicability, and relevance of included
studies was based on four domains of research: population,
data collection, study design, and results. The overall valid-
ity (global rating) of the studies was determined based on
the “Yes” scores ≥75% or “No/Unclear” scores ≤25%. Two
researchers (S.G., M.P.) rated the articles, and discrepancies
were resolved by agreement.

3 | RESULTS

3.1 | Literature search

The flow diagram of studies included in this systematic
review is presented in Figure 1. The systematic literature
searched yielded a total of 258 relevant records, of those,
233 abstracts were assessed for eligibility after excluding
duplicates (n = 26). A total of 157 articles were rejected
after title and abstract being screened. Subsequently, 74 full-
text potentially relevant articles assessed with a total of
26 articles were included.
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Full-text articles assessed for 

eligibility (n=74)

Full-text articles excluded, with reasons (n=48)

Other outcomes (n=10)

Other setting (n=36)

Other language (n=1)

Not empirical study (n=1)

Studies included in qualitative 

synthesis (n=26)

Duplicates removed (n=25)

FIGURE 1 Flow diagram of
studies.
aEBSCO host database searches
included CINAHL; MEDLINE;
Nursing & Allied Health; Cochrane
Central Register of Controlled Trials;
Library, Information Science &
Technology Abstracts; MedicLatina
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3.2 | Included study characteristics

The characteristics of the 26 studies included are described
in Table 1. The most common study design was RCTs
(n = 6). Regarding the PU preventive interventions, most of
the featured studies focused on support surfaces,20-23 health
professional's education,24,25 multiple intervention
programmes,4,26-31 repositioning and early mobilisation,32-34

preventive skincare,35 prophylactic dressings,36-40 remind
systems on patient care plan,41 and risk-assessment tools.42

According to the care setting where the studies were carried
out, most of them (n = 17) were developed in intensive care
units (ICU) followed by medicine (n = 6), geriatrics (n = 2),
surgical (n = 2), orthopaedics (n = 2), oncology (n = 1),
rehabilitative (n = 1), community hospital (n = 1), and other
specific units (n = 4). Regarding quality of studies (Table 2),
most of the studies (n = 16) were a high quality ≥75%
according to the EBL appraisal check list.19 Studies were not
excluded based on quality. On average, the overall quality of
the included studies was 74.73%.

3.3 | Main findings

Findings of the 26 studies included in this review are pres-
ented in Tables 3–6. The present systematic review identi-
fied eight domains in terms of PU prevention among the
included studies, namely: support surfaces, multiple inter-
vention programmes, repositioning and early mobilisation,
risk-assessment tools, prophylactic dressings, education,
skincare, and reminder system to prevent PUs.

3.3.1 | Support surfaces

Support surfaces are interface devices for pressure redistri-
bution in some patient body areas, specially designed for
management of tissue loads, microclimate, and/or other ther-
apeutic functions, for example, any mattress, integrated bed
system, mattress replacement, overlay, or seat cushion, or
seat cushion overlay.7 Four studies were found that meet the
inclusion criteria regarding support surfaces (Table 3). Three
of them were performed in the ICU setting and one study in
geriatrics and internal medicine wards. These studies only
evaluated mattresses, no studies related to cushion perfor-
mance were found.

No statistically significant difference was found in terms
of PU incidence related to the use of microfluid static over-
lays (MSO) and/or low-air-loss dynamic mattress
(LALDM). The study was carried out among acute, surgical,
geriatric, and ICU patients.23 Another study assessing the
effectiveness of two types of viscoelastic mattresses (visco-
elastic foam 1 was composed of two layers and viscoelastic
foam 2 composed of three layers) in ICU patients22 also did
not find statistically significant difference between the

patients with viscoelastic foam 1 and patients with viscoelas-
tic foam 2. A similar finding showed no statistically signifi-
cant difference between alternating pressure air mattress
(APAM) overlays and one-stage alternating low-pressure air
mattress (ALPAM) in reducing incidence in patients admit-
ted to geriatrics and internal medicine wards.20

In contrast, multistage ALPAM showed a reduction in
the incidence of PUs when compared with APAM
overlays,20 and APAM decreased the incidence of PU
grade ≥ II when compared with APAM overlays in ICU
patients.21

3.3.2 | Education of health care professionals

Education of health care staff is an important component of
PU prevention, education programmes should include a
large variety of factors that reflect the multifactorial nature
of PUs.7 Table 3 indicate the results regarding education of
the health professionals (n = 2). Education with focus on
preventive care can be effective in reducing the incidence of
PUs in ICU setting.24,25

3.3.3 | Multiple intervention programmes

Multiple intervention programmes and care bundles are a set
of evidence-based interventions that when performed
together had a better and positive impact on patient out-
comes, when compared with individual interventions.4

Regarding Table 4, most of the multiple intervention
programmes (n = 7) were effective in decreasing the inci-
dence of PUs.4,26,28-31 One study did not decrease the inci-
dence of PUs with statistical significance, but was successful
in changing clinical practice in PU prevention.27

3.3.4 | Risk-assessment tools

Risk-assessment tools are a part of a structured risk assess-
ment in PU prevention; risk-assessment tools (scale) are
used for identifying if a patient is at risk of developing PUs
and for identifying which risk factor could lead to a pressure
ulceration. Table 5 presents the included studies reporting
incidence rates associated with the implementation of a risk-
assessment tool. One study met the inclusion criteria within
the domain risk-assessment tools. The study showed that the
incidence of PUs was similar between patients admitted in
internal medicine and oncology wards assessed by
Waterlow, Ramstadius, or clinical judgement.42 The authors
concluded that there was no evidence that the risk-
assessment tools used effectively to decrease the incidence
of PUs compared with clinical judgement.
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3.3.5 | Repositioning and early mobilisation

Repositioning and early mobilisation of patients are an inter-
vention to reduce the duration and magnitude of pressure
over vulnerable areas of the body, such as bony promi-
nences, to contribute to comfort, hygiene, dignity, and func-
tional ability.7 Studies related to repositioning and early
mobilisation are presented in Table 5. Only studies related to
manual repositioning frequency and repositioning supported
by technological feedback were found. When 2 hours vs
4 hours repositioning frequency was studied in patient with
mechanical ventilation support managed on an APAM,33 or
2 hours at least vs more than 2 hours repositioning frequency
in elderly orthopaedics patients with bed-bound hip
fracture,34 the results showed no decrease in the incidence
rates of PUs among the participants. Interestingly, when
using a continuous bedside pressure-mapping system to
assist a 2-hourly repositioning regimen in ICU patients,
Behrendt et al32 found a statistically significant decrease in
the incidence of PUs. The authors32 pointed out that the bed-
side pressure-mapping system was able to support clinical
staff optimising positioning and permitting feedback, which
allowed intervention towards early pressure relief. When
two methods were compared for patient repositioning, the
prevalon turn and position system was effective in decreas-
ing the incidence of PUs when compared with the standard
of care using pillows.44 All the included studies examined
the effectiveness of repositioning of patients in bed. No stud-
ies were found related to seating repositioning or
repositioning of heels and offloading as a strategy to
prevent PUs.

3.3.6 | Reminder system in patient care plan

Gaps between recommend practice and daily routine care
are known and given the challenge of changing the behav-
iour of health care staff, reminders in patient plan care on a
screen computer are a promising strategy for better patient
outcomes.45 A list of screen reminder at the beginning of a
health shift and a reminder to alert which patients are at risk
of PU development was effective in decreasing the incidence
of PUs41

3.3.7 | Preventive skin care

Maintaining skin integrity is an important factor to reduce
PU occurrence.35 Table 6 shows the results of preventive
skin care, implementation of a silicone-based dermal creams
on the skin care regimen decreases PU incidence in patients
admitted to medical wards.35

TABLE 1 Characteristics of the included studies

Characteristics
Number
of studies

Study design

Randomised control trial 10

Quasi-experimental 5

Pre-test and post-test study 3

Prospective controlled study 2

Mixed methods 1

Cohort study 3

Non-randomized comparison design 1

Epidemiological, exploratory, comparative, and
cross-sectorial analytical

1

Prevention strategies

NPUAP/EPUAP/PPPIA guidelines

Prophylactic dressings 6

Support Surfaces 4

Repositioning 4

Health professional's education 2

Risk-assessment tools 1

Preventive skin care 1

Other preventive strategies

Multiple interventions 7

Reminder system 1

Sample characteristics

Country

United States of America 7

Australia 4

Spain 4

Canada 4

Turkey 2

Argentina 1

Brazil 1

Belgium 1

Italy 1

Saudi Arabia 1

Setting

ICU (medical, surgical, cardiac, trauma, and
neurointensive)

17

Medicine 6

Geriatrics 2

Surgical 2

Orthopaedics 2

Oncology 1

Rehabilitative 1

Community hospital 1

Other units (acute spine, coronary care, medical) 4
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3.3.8 | Prophylactic dressings

It is evident that some dressings provide added benefits in
preventing PUs, like helping to redistribute pressure and pro-
tect skin from shear and friction forces, and also contributing
to microclimate balance.46 Table 6 presents the incidence of
the included studies assessing the effectiveness of dressings
for PU prevention. Among all the studies that assessed
dressings as a PU preventive measure (n = 6), there was at
least one type of dressing that showed a statistically signifi-
cant decrease in incidence rates of PU occurrence. The study
conducted by Dutra et al36 showed that polyurethane film
dressings were more effective than hydrocolloid dressings in
decreasing PU incidence in the trochanteric and sacral areas
for patients cared for in the ICU, coronary unit, and in one
general medicine unit.36 Other studies found that a multilay-
ered silicone foam dressing was effective in reducing PUs

on heels39,40 and sacrum37,38,40 in orthopaedics patients37

and patients in ICU38,40 when previously applied in emer-
gency department39 or within 24 hours of admission to the
ICU.38 Multilayered silicone foam dressing applied on
sacrum in a special population like patients with spinal cord
injury did not show a higher effectiveness in terms of PU
prevention when compared with a gel mattress.43 Forni
et al37 found that a polyurethane foam dressing applied on
the sacral area is effective in decreasing the incidence of
PUs in orthopaedics patients.37

4 | DISCUSSION

The present review summarises studies that analysed effec-
tive approaches to PU prevention in hospitalised adults, pub-
lished from 2009 up to December 2018. Twenty-six studies

TABLE 2 Analysis of EBL appraisal checklist domains for the included study

Studies

Validity (%)
Overall validity
of study (%)Population domain Data collection domain Study design domain Results domain

Anderson et al26 66.66 66.66 80 66.66 69.57

Behrendt et al32 83.33 50 100 50 71.43

Chaboyer et al4 87.5 75 100 66.67 82.6

Cobb et al27 62.5 57.14 80 83.33 69.23

Demarre et al20 87.5 60 80 66.66 75

Dutra et al36 87.5 80 80 50 75

Forni et al37 100 100 100 66.67 91.67

Kalowes et al38 85.71 100 100 83.33 91.3

Loudet et al28 66.66 60 80 33.33 59.09

Manzano et al21 55.55 40 80 50 52

Manzano et al33 77.77 60 100 100 83.33

Martin et al29 66.66 60 100 83.33 77.27

Ozyurek & Yavuz22 75 20 80 83.33 66.66

Picatoste et al24 60 60 80 66.67 66.67

Powers et al44 62.5 83.33 80 83.33 76

Rich et al34 85.7 66.66 100 100 87.5

Richard-Denis et al43 75 80 80 100 83.33

Santamaria et al40 75 60 100 83.33 79.16

Santamaria et al39 87.5 80 100 83.33 87.5

Sebastian-Viana et al41 71.43 100 80 83.33 82.61

Shannon et al35 28.57 50 60 66.67 50

Swafford et al30 50 28.57 40 33.33 37.5

Tayyib et al,31 100 40 100 83.33 83.33

Uzun et al25 22.22 50 100 66.67 56

Vermette et al23 100 40 80 100 83.33

Webster et al42 87.5 100 100 100 95.83
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TABLE 3 Main findings and characteristics of studies focused on support surfaces and health education strategies

Guidelines
elements

Author,
year Study design Sample size (mean age)

Setting;
country

Study
quality Main finding(s)

Support
surfacesa

Vermette
et al23

Prospective
RCT

Sample n = 110 Medical,
surgical,
active
geriatric, ICU;
Canada

83.33 No significant difference
(P = 0.2706) in PU incidence
between the MSO and/or LALDM
(11%, n = 6) and the ISO (4%,
n = 2).

Control n = 55 MSO and
LALM group (77.7
± 10.6 y)

Intervention n = 55 ISO
group (77.9 ± 14.6 y)

Demarre
et al20

RCT Sample n = 1057 patients
(80 y)

Geriatrics,
internal
medicine
wards;
Belgium

75.0 The cumulative HAPU incidence
was 4.9%.

Multistage ALPAM reduce the
incidence of HAPU (3.6%) when
compared with the APAM overlay
group (8.9%) (P = 0.047).

APAM overlay n = 447
(81 y)

No significant differences were
found between APAM overlay
and those on a one-stage ALPAM.One-stage ALPAM n = 312

(79 y)

Multistage ALPAM n = 298
(80 y)

Manzano et
al21

Prospective
quasi-
experimental
study

Sample n = 232 ICU; Spain 52.0 Incidence of HAPU (grade ≥ II) was
lower when using the APAM
mattress compared with the
APAM overlay (18.67
cases/1000 days vs 12.41
cases/1000 d, P = 0.003)

APAM overlay n = 122
(63 y)

APAM mattress n = 110
(64 y)

Ozyurek &
Yavuz22

RCT Sample n = 105 (64.99
± 15.1 y)

ICU; Turkey 66.66 No significant difference in HAPU
incidence was found between the
viscoelastic foam 1 (22/53) and
foam 2 (23/52).

Viscoelastic foam 1 n = 53
(64.77 ± 15.09 y)

Viscoelastic foam 2 n = 52
(65.21 ± 15.26 y)

Health
professional
education

Uzun et al25 Prospective
study

Sample n = 186 ICU; Turkey 56.0 The incidence of PU stage II was
significantly (P < 0.01) lower on
the intervention group (17%,
n = 16) when compared with the
control group (37%, n = 34).

Education regarding preventive care
can be effective in reducing the
incidence of PU.

Intervention group n = 93
(58.56 ± 18.02 y)

Control group n = 93 (61.36
± 16.42)

Picatoste
et al24

Quasi-
experimental
study

Sample n = 447 Surgical ICU;
Spain

66.67 The overall incidence of PU
decreases from 19.4% to 16.0%
with the education programme,
however it was not statistically
significant. The incidence of PU
stage I significantly (0.008)
decrease from 68.7% (n = 57) to
25% (n = 44.6).

Pre-intervention n = 247
(65.2 ± 16.2 y)

Post-intervention n = 200
(65.7 ± 15.5 y)

Abbreviations: ALPAM, alternating low-pressure air mattress; APAM, alternating pressure air mattress; HAPU, hospital-acquired pressure ulcers; ICU, intensive care
unit; ISO, inflated static overlay; LALM, low-air-loss dynamic mattress; MSO, Microfluid static overlay; RCT, randomised controlled trial.
aEuropean Pressure Ulcer Advisory Panel, National Pressure Ulcer Advisory Panel, Pan Pacific Pressure Injury Alliance, 2009.
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were retrieved following the inclusion criteria and were sys-
tematically reviewed to address the effectiveness of hospital-
acquired PU prevention.

4.1 | Support surfaces

Generally, and despite setting and country, evidence from
these studies suggests that support surfaces of multistage
ALPAM and APAM were effective in preventing PUs when
compared with APAM overlay.20,21 When the patient is
immobile,47 the pressure force over the bone prominence is
the main factor that exposes patients to the risk of tissue
damage, being also influenced by the length of time and
intensity of pressure force applied to the patient's bone-tissue
interface. The main function of the supporting surfaces is the
redistribution and, therefore, partial relief of pressure
through the surface's immersion and envelopment capacity.
Dynamic support surfaces such as ALPAM and APAM are
characterised by cycles of insufflation and mechanical defla-
tion of air that is alternately transmitted to different segments
of cells of the mattress.20 Thus, the surface's performance is
influenced by the material constitution, depth, and number
of air cells of the mattress, as well as by the time of the
insufflation-deflation cycles programmed. Thus, the pressure
intensity throughout the cycle and the duration of the same
influence its effectiveness in the prevention of PUs. The use
of APAM, when compared with APAM overlay, seems to
perform better in reducing PUs.21 This study was performed
in high-risk patients and measured effectiveness regarding
the incidence of PU grade II.21 A recent meta-analysis
showed a moderate-certainty evidence that dynamic sur-
faces, such as powered active and hybrid air surfaces, may
reduce PU incidence when compared with standard hospital
surfaces.48 As the development of PUs is the result of a com-
plex interplay of pathological pathways and risk factors,10,11

it is not clear which mattresses' specifications are effective in
decreasing the incidence of PUs.20,21 There is some evidence
that support surfaces prevent PU development,20,21 however,
the evidence level of the studies retrieved was low or very
low. Thus, more research is needed to understand in a
greater depth the relationship between supporting surfaces
and PU prevention.48 Support surfaces should be chosen
based on setting/wards characteristics and mainly on
patients' individual needs. Multistage ALPAM seems to
have a good performance on patients admitted into geriatric
and acute medical wards.20 Additionally, APAMs may be a
better choice to acute patients admitted to ICUs.20,21

4.2 | Health professional's education

Two studies show that education of health care staff on PU
prevention can be effective in reducing the incidence of PUs

in ICU setting.24,25 Education of health care professionals is
a recognised element of PU prevention guidelines5 and also
influences behaviour change to encourage preventative prac-
tices with the aim of reducing the incidence of PU develop-
ment.49 However, a recent systematic review shows that
there are some issues related to education of health care pro-
fessionals influencing PU incidence or knowledge of nurses.49

Those studies provided very low-certainty evidence.26,49 There-
fore, the impact of education of health care professionals on PU
prevention still needs clarification.

4.3 | Multiple intervention programmes

Despite the setting, country, or specific approach, most of
the multiple intervention programmes was effective in
preventing PUs,4,26-31 but those effectiveness was not
always with statistical significance.4,27 Multiple intervention
programmes and care bundles had a positive impact on
patient outcomes in terms of PUs, like incidence and
severity.31

Multifactorial and comprehensive programmes help to
reduce PUs in hospitalised patients mainly those that
include: teamwork approaches,29 education of health care
staff,28,29,31 nutritional assessment,29,31 risk-assessment
tools,27,28,30,31 visual skin assessment,26,27,29,31 support
surfaces,26,27,29-31 offloading heels,26,29 repositioning mainly
with use of sliders,29 disposable soaker pads to manage
moisture and incontinence,29 skin care,26,27,30,31 medical
devices related to PU assessment,31 prophylactic
dressings,30 smartphone applications,28 patient and family
involvement,4,28 and semi-weekly Wound Ostomy Conti-
nence (WOC) nurse rounds.26

Multiple interventions also increase staff knowledge,
patient and family involvement, supporting clinical decision-
making, and improving health outcomes.31 Teamwork is an
important part to successfully prevent PUs.29 Nurses are the
link professionals who ensure that all members of the health
care team are involved in PU strategies, whilst mitigating
the tendency of ritualistic practices.29 Multiple intervention
programmes associated with wound WOC nurse rounds and
audits are effective in decreasing the probability of PU
occurrence.26 WOC nurses round is the complement element
of a bundle and their presence allows health care coaching in
a consistent way.26 General education of health staff on PU
prevention might not be enough to effectively prevent PUs,
rounds, and presence of expert professionals like tissue via-
bility nurses or WOC nurses.26 They served to maintain staff
focus on PU prevention, stimulating questions and helping
to find alternative and effective solutions to patients' prob-
lems.26 This suggests that a bundle performed individually
by health care staff, probably not decrease the PUs without
ongoing WOC nurses rounds.26 Patients and families should
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TABLE 4 Main findings and characteristics of studies focused on multiple intervention strategies

Guidelines
elements

Author,
year Study design Sample size (mean age)

Setting;
country

Study
quality Main finding(s)

Multiple
interventions

Cobb
et al27

Pre-test and
post-test
study

Sample n = 143 Acute spine
unit; Canada

69.23 The PU incidence based on nursing
assessment (26%) and occupational
therapist (36%) did not decrease
significantly (P = 0.2).

Cohort 1 n = 70 (47.29
± 20.54)

Cohort 2 n = 73 (46.90
± 20.91 y) PUPI protocol was successful in changing

clinical practice in PUs prevention, but
was not statistically significant seen on
immediate or long-term patient
outcomes during the study period.

Anderson
et al,26

Quasi-
experimental

Sample n = 327 (62.71
± 17.12 y)

ICU; USA 69.57 UPUPB with semi-weekly WOC Nurse
rounds is significantly (P < 0.001)
effective in decreasing HAPU
incidence from 15.5%
(pre-intervention) to 2.1%
(post-intervention).

Pre-intervention n = 181

Post-intervention n = 146

Tayyib
et al,31

RCT Sample n = 140 ICU; Saudi
Arabia

83.33 PUPB was effective in reducing HAPU
incidence from 32.9% to 7.1%.Control n = 70 (52

± 19.5 y)

Intervention n = 70
prevention bundle group
(47.5 ± 22.5 y)

The cumulative incidence of HAPU was
significantly (P < 0.001) different
between the intervention group (7.1%,
5/70 patients) and the control group
(32.9%, 23/70 patients).

Chaboyer
et al4

Pragmatic
cluster
randomised
trial

Sample n = 1598 Medical,
surgical, and
rehabilitative;
Australia

82.6 There was no significant difference
(P = 0.644) between intervention
(6.1%) and control (10.5%) groups in
terms of the effect of PUPCB on PU
incidence.

Control n = 799 (74 y)

Intervention (PUPCB care
bundle) n = 799 (70 y)

Swafford
et al30

Pre-test and
post-test
study

Sample 2011 n = 461
(51.9 y)

Medical/
surgical ICU;
USA

37.5 The incidence of HAPUs decreases from
69% between 2011 (10%, n = 45) and
2013 (3%, n = 17), with a
comprehensive, proactive, and
collaborative PU prevention program
(staff education, adherence to protocols
for patient care)

Sample 2012 n = 434
(50.5 y)

Sample 2013 n = 563
(52.2 y)

Loudet
et al28

Quasi-
experimental

Sample n = 124 ICU; Argentina 59.09 A multifaceted interventional process
(educational session, PU checklist,
smartphone application for monitoring
and decision-making, and “family
prevention bundle”) was effective in
decreasing the incidence of HAPU in
patients with MV ≥ 96 h, from 75% to
54% (P = 0.016).

Pre-Intervention n = 55
(47 ± 18 y)

Post-Intervention n = 69
(39 ± 17 y)

Martin
et al29

Mixed methods
study

Sample n = 239 (age not
available)

Community
hospital;
Canada

77.27 The implementation of PUPP decreases
the incidence from 15.5% in 2013 to
5.1% in 2014.On-line tutorial (n = 80

health care professionals
and assistants)

The on-line tutorial improved staff
knowledge level.

Abbreviations: HAPU, hospital-acquired pressure ulcers; ICU, intensive care unit; MV, mechanical ventilation; PUPB, pressure ulcer prevention bundle; PUPCB,
pressure ulcer prevention care bundle; PUs, pressure ulcers; PUPP, pressure ulcer prevention program; RCT, Randomised Controlled Trial; UPUPB, universal pressure
ulcer prevention bundle; WOC, wound ostomy continence.
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TABLE 5 Main findings and characteristics of studies focused on risk-assessment tools, repositioning and early mobilisation, repositioning
with technology feedback, and a reminder system

Guidelines
elements Author, year Study design Sample size (mean age) Setting; country

Study
quality Main finding(s)

Risk-assessment
toolsa

Webster et al42 RCT Sample n = 1231 Internal Medicine or
oncology wards;
Australia

95.83 HAPU was similar
between groups
(clinical judgement,
6.8%; Waterlow 7.5%;
Ramstadius, 5.4%;
P = 0.44).

Waterlow scale n = 411
(62.6 ± 19.6 y)

Ramstadius scale n = 410
(63.2 ± 19.2 y)

Clinical judgement n = 410
(61.9 ± 19.0 y)

Repositioning
and early
mobilisationa

(repositioning
frequency)

Rich et al34 Cohort study Sample n = 269 (84.0
± 6.5 y)

Orthopaedics ward;
USA

87.5 HAPU incidence in
patients repositioned at
least every 2 h was
12%.

HAPU incidence in
patients repositioned
less frequently than
every 2 h was 10%.

Repositioning patients at
least every 2 h is not
associated with a
decreased incidence of
HAPU.

Repositioned less
frequently than every 2 h
n = 130 (84.0 ± 6.5 y)

Repositioned at least every
2 h n = 139 (83.9
± 6.4 y)

Manzano et al33 RCT Sample n = 329 ICU; Spain 83.33 Increasing repositioning
frequency (2 h vs 4 h)
did not reduce the
incidence of HAPU in
MV patients (9.68
cases for the 2 h group
vs 12.12 cases for the
4 h group, P = 0.48).

Control n = 165 every 2 h
turning group (62.1
± 14.5 y)

Intervention n = 164 every
4 h turning group (61.1
± 14.5 y)

Powers44 Non-randomized
comparison
design

Sample n = 59 ICU (trauma/
neurointensive);
USA

76 There was a statistically
significant difference in
the number of HAPU
turning methods (6 in
the SOC group vs 1 in
the PPS group; P =
.042).

SOC n = 29 (57.72 ± 18.45
y)

PPS = 30 (57.73 ± 17.67 y)

Repositioning
with
technology
feedback

Behrendt et al32 Prospective
controlled
study

Sample n = 422 ICU; USA 71.43 HAPU incidence in the
CPBM group was
lower (0.99%) than in
control group (4.78%)
(P = 0.02).

Control n = 209 (57.2 ±
18.3 y)

Intervention n = 213
CBPM group (58.7 ±
14.9 y)

Reminder system
in patient care
plan

Sebastian-Viana,
et al,41

Pre- and post-test
study

Sample n = 18 483 Medical/surgical
ICU; Spain

82.61 The implementation of a
reminder system on
care plan for health
professionals to alert
patients who are at risk
for PU was effective in
decreasing the
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be seen by healthcare professionals as a partner and an
important resource to avoid PUs.4,6,28 Limitations in terms
of health staff ratios, miscommunication between health
administrators and staff in direct clinical practice, and
unavailability of materials and equipment are some of the
identified barriers to PU prevention.29 Need of new and
innovate approaches seemed to be an extra key to prevent
PUs, a smartphone application was used as a telemedicine
tool to simultaneously provide information to all the mem-
bers of the health team.28 The compliance of single interven-
tions to other strategies to avoid PUs is described in most of
the studies included in this review. Therefore, multiple inter-
vention programmes are more effective, even not always
with statistical significance, than single interventions for PU
prevention in hospitalised patients.

4.4 | Risk-assessment tools

The use of a risk-assessment tool is recommended by
national12 and international guidelines.7 Clinical judgement
should be used to recognise other risk factors that were not
screened by a risk-assessment tool.7 Risk-assessment tools
(Waterlow, Ramstadius) and clinical judgement were not
effective in decreasing PU occurrence.42 Therefore, it is
suggested that the time spent to screening patients with risk-
assessment tools should be replaced by careful and daily
skin inspection and in specific interventions tailored to
patient's individual risk factors.42 No studies, with the inclu-
sion criteria, were found with the focus on skin assessment
as part of structured risk assessment. In some cases, skin
changes were not visually detected properly,23 indeed sub-
epidermal moisture (SEM) measurement and ultrasound are
promising technologies in the early detection and prediction
of early deep tissue damage and PU presence.50

4.5 | Repositioning and early mobilisation

Repositioning of patients is recommended to relieve pressure
and improve comfort in bedfast patients.7 The frequency of
repositioning may differ according to the patient medical
condition and the type of support surface in use.33,34 Fre-
quent repositioning for every 2 hours is considered to be the
standard time interval to prevent PUs,32 and when this fre-
quency is addressed with technology feedback, such as con-
tinuous bedside pressure mapping, these may decrease PU
incidence and improve immediate pressure relief and conse-
quently patient comfort.32 A continuous bedside pressure
mapping is a sensing interface, which measures whole body
pressure and alerts staff to execute the prescription of
2-hours repositioning frequency.32 Bedside visual reminders,
or in patients care plan, might be useful to remind health
professional the need of repositioning and mobilisation.23 In
contrast, findings of other two studies suggest that more
frequent manual repositioning of patients did not decrease
the incidence of PUs,33,34 but increase the adverse events
related to medical devices and nursing workload.33,34 On
the other hand, the evaluation of the degree of turn in
patients with the use of a patient positioning system is
effective in decreasing PU incidence.44 These positioning
devices can perform sacral offloading, skin microclimate
control, anti-shear strap, and two body wedges to facilitate
turning and positioning and maintaining the recommended
30� angle.44 Also, these devices require significantly less
nurses for positioning and maintaining the patient in 30�

when compared with standard of care.44 These contrast
findings suggest a possible compliance related to support
surfaces, manual repositioning frequency, and other
addressed strategies like visual or sound reminders,51

which support the need of healthcare professionals for
repositioning in bed and chair.

TABLE 5 (Continued)

Guidelines
elements Author, year Study design Sample size (mean age) Setting; country

Study
quality Main finding(s)

incidence of PU from
0.9% to 06% (P = 0.03.

A list of on-screen
reminders at the
beginning of a health
care professional’s shift
to inform them of
patients at risk for
developing a PU was
effective at reducing
the incidence of PU.

2009 (pre-intervention) n =
9263 (60.1 y)

2010 (post-intervention) n
= 9220 (60.4 y)

Abbreviations: CBPM, continuous bedside pressure mapping; HAPUs, hospital-acquired pressure ulcers; ICU, intensive care unit; MV, mechanical ventilation; PPS,
patient positioning system; PU, pressure ulcers; RCT, randomised controlled trial; SOC, standard of care.
aEuropean Pressure Ulcer Advisory Panel, National Pressure Ulcer Advisory Panel, Pan Pacific Pressure Injury Alliance, 2009.
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TABLE 6 Main findings and characteristics of studies focused on preventive skin care and prophylactic dressings

Guidelines
elements Author, year Study design

Sample size
(mean age) Setting; country

Study
quality Main finding(s)

Preventive
skincarea

Shannon et al35 Retrospective,
quasi-experimental
study

Sample n = 110 Medical unit; USA 50 The replacement of a mixture of
ad hoc skin care products
(without silicone-based
emollients) for an
implementation of a
silicone-based dermal
nourishing emollient
associated with a skincare
regimen decreases the
incidence of HAPU from 20%
to 0% in 8 mo.

Pre-intervention n = 46
(68.65 ± 18.109 y)

Post-intervention
(SBDNE) n = 64
(63.2 ± 19.2 y)

Prophylactic
dressingsa

Santamaria et
al40

RCT Sample n = 440 ICU; Australia 73.16 Multilayered soft silicone foam
dressings are effective in
preventing HAPU on heel and
sacrum. The incidence in the
intervention group was
significantly (P = 0.001)
lower (3.1%, n = 5/161) when
compared with the control
group (13.1%, n = 20/152).

Intervention n = 219
multilayered soft
silicone foam
dressing applied on
sacrum and both
heels. (54 ± 20.8 y)

Control n = 221 (56
± 20.5 y)

Dutra et al36 Epidemiological,
exploratory,
comparative, and
cross-sectorial
analytical study

Sample n = 160 ICU; Coronary
Care Unit;
Medical Clinic,
Brazil

75.0 The incidence of HAPU was
significantly lower
(P = 0.038) in the
polyurethane film group
(8.7%) compared with the
hydrocolloid group (15.0%).

Polyurethane film
group n = 80
(65.15 y)

Hydrocolloid group
n = 80 (64.13 y)

Santamaria et
al39

Border II trial:
Prospective Cohort
study

Sample n = 412 ICU; Australia 87.5 The incidence of HAPU in the
intervention group was null
(0%, n = 0/150), and in the
control group was 9.2%
(n = 14/152).

Reduced incidence of heels
HAPU from 13% to 3%.

Intervention n = 191
(55 ± 19.7 y)

Hydrocolloid n = 221
(56 ± 20.5 y)

Kalowes et al38 Prospective RCT Sample n = 366 Cardiac, medical,
surgical, and
trauma ICU;
USA

91.3 The incidence rate of HAPUs
was significantly lower in the
intervention group (0.7%) than
in the control group (5.9%,
P = 0.01).

Intervention (5-layered
soft silicone foam
n = 184) (64.6
± 17.7 y)

Control n = 182 (67.3
± 16.2 y)

Forni et al37 Pragmatic RCT Sample n = 359 Orthopaedics; Italy 91.67 The overall incidence of HAPU
was 10% (n = 36). The
incidence was lower on the
intervention groups (4.5%,
n = 8) when compared with
the control group (15.4%,
n = 28, P = 0.001)

Intervention (sacral
polyurethane foam)
n = 177 (84.3 ± 7.7)

Control n = 182 (83.2
± 7.7)
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4.6 | Reminder system in patient care plan

As stated in many recommendations of care for the preven-
tion of PUs, identifying the patients developing PUs can
facilitate health professionals to adopt adequate preventive
measures and monitoring protocols to decrease PU inci-
dence.5,41 A list of on-screen reminders (date of admission,
the last assessment of PU risk, the status of current PUs, and
the last recorded location, and extent of PUs) effectively
decreases the cumulative incidence of PUs.41 New strategies
need to be researched to effectively decrease the occurrence
of complex worldwide problems such as PUs.

4.7 | Preventive skin care

Maintaining skin integrity is the focus of health care profes-
sionals in daily practice, particularly in bedfast patients.
Applying topical agents, like a cream or an ointment on skin,
is one of the strategies to prevent PUs (52). The replacement
of a mixture of ad hoc skin care products (without silicone-
based emollients) for the implementation of a silicone-based
dermal nourishing emollient associated with a skincare regi-
men effectively decreases the incidence of PUs.35 It is not
clearly known which mechanisms of silicone-based dermal-
nourishing emollient are truly effective, but it is believed
that the major contributory effect is keeping the skin moist
and hydrated, and also prevent skin damage based on the
antioxidant component protection.35 The impact of topical
agents on PU incidence is not a clear benefit or harm (53).
More research is need to show which of these therapies pro-
vide potential benefit to patients (52).

4.8 | Prophylactic dressings

The role of dressings in PU prevention, regarding the capac-
ity of reducing pressure, friction, and shear, as well as effec-
tively managing skin moisture, has been explored by many
investigators.36-40 Multilayered foam dressings are effective
in preventing PUs on heels39,40 and sacrum37,38,40 in patients

admitted to ICUs when they were in the emergency depart-
ment40 or in the first 24 hours of ICU admission.38 Many
PUs may have their beginning in the period of pre-hospital
wards admission.54 The hospital patients admission way
(e.g. through emergency department) and lenght of stay in
the emergency department, should be considered as an addi-
tional and individual risk factor to develop a PU.40 Multilay-
ered foam dressing applied on sacrum in spinal cord injured
patients did not develop fewer PUs when compared with
patients in gel mattress.43 Indeed, prophylactic dressings
should be used with precautions in this special population,
mainly in complete tetraplegic patients.43

Dressings may also contribute to the reduction of PUs
associated with medical devices and mainly in immobile
ICU patients.46 Polyurethane films (PF) had a better perfor-
mance and were more effective in preventing PUs when
compared with hydrocolloids.36 The advantage of PF is its
own system of gas exchange like the skin performance,
which allows the diffusion of gases. Its elastic and adhesive
characteristics permit it to be applied to different anatomical
areas and allow resistance to friction and shear forces.36

Hospital policies should consider prophylactic dressings for
high risk admitted patients in the emergency department and
ICUs in new or revised clinical guidelines for PU preven-
tion.39 However, prophylactic dressings to prevent PUs
should be performed in combination with other preventive
measures to minimise friction and shear.38,39 Immobility is
the main factor indicating that maybe a dressing could be
considered as a prevention strategy.46 Other indications
could be taken into account for the use of dressings in PU
prevention, like planned immobility, alterations in sensorial
perception, reduced or restricted mobility, atypical move-
ments, and presence of medical devices.46

These findings show that preventing PUs is still a hetero-
geneous and complex process within diverse samples and
settings, which remains a clinical challenge. In future, other
strategies need to be considered to effectively prevent PUs.
Innovations in daily clinical practice need to be considered

TABLE 6 (Continued)

Guidelines
elements Author, year Study design

Sample size
(mean age) Setting; country

Study
quality Main finding(s)

Richard-Denis43 Retrospective and
prospective cohort
study

Sample n = 315 Trauma center
(level I); Canada

83.33 Patients with complete
paraplegia developed sacral
PUs in similar proportions
(20.8% vs 27.3%) for gel
mattress and multilayered
foam dressing, respectively
(P = 0.63).

Group 1 (gel mattress)
n = 226

Group 2 (multilayered
foam on sacrum)
n = 89

Abbreviations: HAPI, hospital-acquired pressure injuries; HAPU, hospital-acquired pressure ulcers; ICU, intensive care unit; RCT, Randomised Controlled Trial;
SBDNE, silicone-based dermal nourishing emollient.
aEuropean Pressure Ulcer Advisory Panel, National Pressure Ulcer Advisory Panel, Pan Pacific Pressure Injury Alliance, 2009.
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like music cueing intervention that can improve staff adher-
ence of PU guidelines and increase patient movement, which
can result in a reduction of PUs.55 More high-quality studies
should be performed in different settings besides ICU.
Research in other hospital settings is needed to examine the
effectiveness of the same strategies in compliance with hos-
pital ward specifications. PUs are adverse events that affect
patient safety in hospitals. Although they are related to qual-
ity of care provided, a positive approach regarding health
care professionals work should be integrated into health care
institutional approaches. Health care professionals should be
motivated in a positive way, for being involved in patient
safety improvement, namely increasing the adherence to
evidence-based guidelines.

4.9 | Strengths and limitations

This review was conducted following the PRISMA rec-
ommended checklist.18 All steps implemented on search
strategy for each database were thoroughly reported, there-
fore this review can be replicated. In the studies included,
heterogeneity was present, mainly arising as a result of
issues surrounding the study populations, settings, and inter-
ventions under investigation. Therefore, it was not possible
to perform a meta-analysis.

5 | CONCLUSION

Multiple intervention programmes in compliance with
advanced practice wound nurse's regulation are more effective
in decreasing PU incidence in hospitalised patients than single
interventions by itself. Indeed, studies of different single inter-
ventions emphasise that the single intervention was effective
when it was combined with other preventive measures. Pro-
phylactic dressing applied early in sacrum or heels addressing
other preventive measures is a recent promising strategy to
effectively prevent PUs. Continuous bedside pressure-
mapping technology is a resource that improves repositioning
of patients and helps health care professionals to prevent PUs
in bedfast patients. Reminder systems in patient care plan help
health care staff to identify patients at high risk of developing
PUs and provide early tailored preventive measures.
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