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INTRODUCTION

Foreword

This Clinical Practice Guideline presents recommendations, good practice statements, implementation considerations
for pressure injury prevention and treatment. This International Clinical Practice Guideline (2019 edition) was developed
as a collaboration between the Partner Organizations—European Pressure Ulcer Advisory Panel (EPUAP), National
Pressure Injury Advisory Panel (NPIAP) and the Pan Pacific Pressure Injury Alliance (PPPIA). Additionally, 14 wound
organizations from 12 countries joined the project as Associate Organizations contributing to the development, under
the direction and oversight of the Partner Organization Guideline Governance Group (GGG) and a methodologist.
The full development team consisted of 174 academic and clinical experts in the pressure injury field, including the
12-member GGG, the methodologist and small working group members.

This edition of the guideline used the most recent methodological standards in guideline development. The
methodology has been pre-published and peer reviewed. An updated literature search identified research published
up to August 2018 that was critically appraised and analysed. New research has been combined with research from
previous editions to extend the guideline scope and produce recommendations reflecting the most recent evidence.
This third edition provides 115 evidence-based recommendations supported by an overview of the underpinning
research. Implementation considerations providing practical guidance are provided to assist health professionals to
implement the recommendations in clinical practice. A detailed analysis and discussion of available research, and a
critical evaluation of the assumptions and knowledge in the field is included to provide further context. A consensus
voting process was used to assign a strength to each recommendation. The strength of recommendation identifies
the importance of the recommendation based on potential to improve patient outcomes. It provides an indication
of the confidence one can have that the recommended practice will do more good than harm, and can be used to
assist in prioritizing pressure injury related interventions. Many topics of relevance to pressure injury prevention and
treatment have not been researched extensively. To address gaps in care, the GGG has also developed 61 good practice
statements intended to further assist health professionals to deliver quality pressure injury prevention and treatment.

Engagement of patients, informal caregivers (families and friends) and other stakeholders has been extensive
throughout the guideline development. An online survey of patient consumers and informal caregivers was conducted
to identify care goals, priorities and education needs. Responses from 1,233 patients and their families from around
the world were incorporated into the guideline development. Drafts of the recommendations and supporting
evidence were made available to 699 stakeholders (individuals and organizations) around the world who registered
and reviewed the documents.

A Quick Reference Guide presenting an abridged version of this guideline is also available. The Quick Reference Guide
is intended for busy health professionals who require a quick reference in the clinical setting. Because the full Clinical
Practice Guideline contains greater context and critical analysis, users should not rely on the Quick Reference Guide
alone in implementing pressure injury prevention and treatment.

Abstract

This guideline is a collaborative effort from Partner Organizations, the European Pressure Ulcer Advisory Panel
(EPUAP), National Pressure Injury Advisory Panel (NPIAP), and Pan Pacific Pressure Injury Alliance (PPPIA), and 14
additional wound organizations around the world. A comprehensive literature review was conducted on pressure
injury prevention and treatment and a rigorous methodology was used to appraise the research and make evidence-
based recommendations. This work builds on the work of the previous two editions of this guideline (2009 and
2014). Further, an international survey of patient consumers and their informal caregivers was undertaken to capture
the perspectives of these individuals in the prevention and treatment of pressure injuries. The research evidence
was summarized and evaluated using evidence-to-decision frameworks. Where sufficient research evidence was
available, recommendations to guide clinical practice were developed. In areas without sufficient research, good
practice statements were developed to promote comprehensive care. Both the recommendations and good practice
statements are accompanied by implementation considerations supported by the research and/or expert opinion.
The draft recommendations were made available to stakeholders for feedback. There were 699 health professionals,
industry representatives, peak body organizations, researchers, policy makers, patient consumers and informal
caregivers who reviewed and/or commented on the document. After refining the content, the final stage of the
guideline development consisted of a consensus voting process to assign strengths of recommendations. Strength of
recommendations indicate the extent to which one can be confident that adherence to a recommendation will do more
good than harm, and are intended to assist health professionals to prioritize interventions. The guideline includes
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discussion of the science, followed by 115 recommendations and 61 good practice statements to guide practice in risk
assessment, pressure injury prevention and treatment, and issues in implementing best practice. The needs of specific
population groups are discussed, including individuals with obesity, critically ill individuals, older adults, neonates and
children, and individuals in palliative care, operating room and community settings. The guideline also discusses the
patient perspective of pressure injuries, and covers topics of importance to individuals, including pain and quality of
life. Recommendations on supporting and engaging the patient consumer in their care are made. Finally, 20 quality
indicators are provided to assist in monitoring implementation of the guideline.

Limitations and Appropriate Use of This Guideline

e Guidelines assist health professionals, patient consumers and informal caregivers to make decisions about
healthcare for specific clinical conditions. The evidence-based recommendations and good practice statements
may not be appropriate for use in all circumstances.

e The decision to adopt any recommendation must be made by the multidisciplinary healthcare team, in collaboration
with patients and informal caregivers, and with consideration of available resources and circumstances. Nothing
contained in this guideline replaces medical advice for specific cases.

e Because of the rigorous methodology used to develop this guideline, the Guideline Governance Group members
believe that the research supporting the recommendations is accurate. Every effort has been made to critically
appraise the research contained within this document. However, we do not guarantee the reliability of individual
studies referenced in this document.

e This guideline is intended for education and information purposes only.

e This guideline contains information that was accurate at the time of publication. Research and technology change
rapidly, and the evidence-based recommendations and good practice statements contained in this guideline may
be inconsistent with future advances. The health professional is responsible for maintaining a working knowledge
of research and technology advances that may affect their clinical decision making.

e Generic names of products have been used, with descriptions of products taken from the research. Nothing in this
guideline is intended as endorsement of a specific product.

* Nothinginthisguidelineisintended as advice regarding credentialing standards, coding standards or reimbursement
regulations.

e The guideline does not seek to provide full safety and usage information for products and devices; however,
commonly available safety and usage tips have been included. All products should be used according to
manufacturer’s directions.

Strengths of Evidence and Strengths of Recommendations

Individual studies were assigned a level of evidence based on study design. The body of evidence supporting each
recommendation was given a strength of evidence based on evidence quantity, levels and consistency. A consensus
voting process was used to assign a strength of recommendation that indicates the confidence the health professional
can have that the recommended practice will improve outcomes (i.e., do more good than harm). The strength of
recommendation can be used by health professionals to prioritize interventions. Full details are available in Appendix
One.
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Strengths of Evidence

A

More than one high quality Level | study providing direct evidence
Consistent body of evidence

B1

Level 1 studies of moderate or low quality providing direct evidence
Level 2 studies of high or moderate quality providing direct evidence
Most studies have consistent outcomes and inconsistencies can be explained

B2

Level 2 studies of low quality providing direct evidence
Level 3 or 4 studies (regardless of quality) providing direct evidence
Most studies have consistent outcomes and inconsistencies can be explained

Level 5 studies (indirect evidence) e.g., studies in normal human subjects, humans with other types
of chronic wounds, animal models

A body of evidence with inconsistencies that cannot be explained, reflecting genuine uncertainty
surrounding the topic

GPS

Good Practice Statement

Statements that are not supported by a body of evidence as listed above but considered by the
GGG to be significant for clinical practice.

Strengths of Recommendation

™~ Strong positive recommendation: Definitely do it

N Weak positive recommendation: Probably do it

& No specific recommendation

N Weak negative recommendation: Probably don’t do it
NN Strong negative recommendation: Definitely don’t do it

Accessing the Guideline and Support Material

Access to digital and print copies of the Clinical Practice Guideline are available on the following websites:

NPIAP website

www.npiap.com

EPUAP website

www.epuap.org

PPPIA website

wWww.pppia.org

International Pressure Injury Guideline website www.internationalguideline.com

The International Pressure Injury Guideline website (www.internationalguideline.com) is accessible until the next
guideline revision. The website hosts additional supportive material including:

The Quick Reference Guide
Detailed methodology

Evidence to Decision frameworks

Future research needs

Companion resources

Sponsor acknowledgement

Announcements and news from the GGG.

Translations of the Quick Reference Guide and information about the translation process are available from the
EPUAP website. For more information contact translation@internationalguideline.com.

For enquiries regarding use of the guideline, review the Permissions of Use statement on the guideline website. For
more information contact admin@internationalguideline.com.
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GUIDELINE BACKGROUND

Significance

Pressure injuries are a frequently occurring health problem throughout the world. They are a painful, costly, and often
preventable complication for which many individuals are at risk.

Around the world, pressure injury prevalence in healthcare settings ranges from 0% to 72.5%,2* with large variations
observed between different geographic and clinical settings. A recent systematic review reported global point
prevalence of pressure injuries in acute hospitals at 14.8% and period prevalence at 11.6%, with a mean incidence of
6.3%.%In general acute care, there appears to be a gradual and ongoing decline in pressure injury prevalence over the
two decades,® driven in part by growing international health policy focus on pressure injury prevention. Prevalence
and incidence rates are generally higher in unique populations who are at elevated risk, such as those receiving
palliative care,® those with spinal cord injuries,” neonates and children,®° and individuals in critical care''? or palliative
care.” Although direct comparisons between prevalence studies are confounded by different methodologies and
clinical contexts, the evidence indicates that pressure injuries are a commonly occurring health concern globally.?

Pressure injuries represent a major burden of sickness and reduced quality of life for patient consumers and their care
givers."*22 Increased morbidity and mortality associated with pressure injury development in hospitalized individuals is
documented in multiple studies.'®?*2> Hospital lengths of stay, readmission rates, and financial costs of care are greater
in individuals who develop a pressure injury than in those remaining pressure injury free.?¢-22 Additionally, the personal
burden associated with a chronic wound, includes pain and discomfort,2>? stress, anxiety and depression,'6224 and
declines in autonomy,' security and spiritual wellbeing'and social functioning,? Further, individuals at risk or having
pressure injuries identify pain as one of their most significant concerns.303!

Pressure injuries increase hospital costs significantly. However, there is a paucity of robust data on costs of pressure
injury care. The available evidence presents health economic reports that use different methodologies and currencies,
and represent costs associated with care in different clinical settings, and geographic locations and healthcare systems.
In the US, pressure injury care is estimated to approach $11.6 billion annually (USD in the period 2000 to 2012).323¢
Cost of individual patient care ranged between $500 (USD) and $152,000 (USD).32333537 |n Australia, the mean hospital
stay for pressure injuries is 4.3 days, at a financial cost of $699 to $840 (AUD) per hospital bed day,? suggesting mean
costs of $3,600 (AUD) for inpatient care for a pressure injury. Costs per pressure injury were similar in a Canadian
cost analysis conducted in the community that reported estimated costs of treating one pressure injury at $4,745
(Canadian dollars, 2013).3 Reports from Singapore show costs of treating one pressure injury between S$4,546 and
$13,138 (Singapore dollars in 2016) depending on wound severity.***' European economic models suggest the cost
of illness associated with pressure injuries consumes up to 1.4% of healthcare expenditure in the Netherlands*“* or
between $362 million and $2.8 billion annually (USD in 2009).%* Proportional costs are higher in the United Kingdom
(UK) where pressure injuries are reported to cost up to 4% of the annual healthcare budget.**4 When community
healthcare costs are added to hospital costs, pressure injury treatment consumes up to £2.1 billion of the National
Health Service (NHS) budget.* In New Zealand, total cost of pressure injury treatment is estimated at $694 million
annually (New Zealand dollars, 2015).#’ Although direct comparison is not possible due to the different cost outcomes
reported, these studies demonstrate the high economic burden of pressure injuries around the world, that is likely to
continue increasing as populations age.*

Purpose and Scope

The goal of this guideline is to provide evidence-based recommendations for the prevention and treatment of pressure
injuries that can be used by health professionals, patient consumers and informal caregivers throughout the world.
The guideline is intended for the use of all health professionals, regardless of clinical discipline, who are involved
in the care of individuals who are at risk of developing pressure injuries, or those with an existing pressure injury.
The guideline is intended to apply to all clinical settings, including acute care, rehabilitation care, long term care,
assisted living at home, and unless specifically stated, can be considered appropriate for all individuals with or at risk
of pressure injuries. The guideline includes further guidance for population groups with additional needs, including
those in palliative care, critical care, community, or operating room settings, individuals with obesity, individuals
with spinal cord injury, and neonates and children. When applicable, the specific needs of older adults are addressed,
although it is acknowledged that much of the research on prevention and treatment of pressure injuries is conducted
with older adults. Classification of mucosal membrane pressure ulcers is beyond the scope of this guideline.
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Guideline Development

The European Pressure Ulcer Advisory Panel (EPUAP), the National Pressure Injury Advisory Panel (NPIAP), and the
Pan Pacific Pressure Injury Alliance (PPPIA) collaborated to produce this evidence-based guideline on the prevention
and treatment of pressure injuries. This International Guideline edition builds on the evidence presented in the two
previous editions of this guideline.

The guideline was produced by an interprofessional Guideline Governance Group (GGG) and numerous Small Working
Groups (SWGs), each consisting of representatives of the partner and associate organizations. The GGG determined
and monitored the guideline development process with the assistance and management of a guideline methodologist.

The first step in the guideline development process was refining the methodology. The GGG reviewed recent
approaches to clinical guideline development to ensure that recognized international standards were met in the
guideline development. The methodology from the previous editions of the guideline was reviewed, updated and
published in a peer-reviewed journal.*® Next, the GGG commissioned a comprehensive review of the literature on
pressure injury prevention and treatment in several electronic databases, using a sensitive search strategy to identify
research published since the previous guideline edition. All retrieved references were screened on pre-determined
inclusion criteria and preliminary data extraction tables were completed. In a second step, the retrieved evidence
was evaluated, and thereafter the full texts were divided according to specific topic of interest related to pressure
injuries. With the assistance of the methodologist, the SWG members conducted critical appraisal of the evidence,
assigned a level of evidence to each study using a pre-determined scale and refined the evidence tables. The evidence
was then combined in evidence-to-decision frameworks addressing the pre-determined clinical questions. Each SWG
formulated conclusions about the body of available evidence and developed recommendations that emerged from
the evidence. Recommendations from the second edition of the guideline were reviewed and revised based on
insights from new evidence and an analysis of the current cumulative body of evidence. The strength of the body
of evidence was determined based on the volume, level and consistency of the evidence. This rating identifies the
strength of cumulative evidence supporting a recommendation. Evidence to decision frameworks, recommendations
and evidence summaries were reviewed by the GGG. For important areas of practice in which evidence was lacking,
the GGG made good practice statements to guide clinical practice. The guideline was made available to registered
stakeholders on the guideline website for further input and feedback.

The GGG also conducted an international survey of patient consumers and informal caregivers to gain insight on
priority issues for patients.?®3' The project, which included development of a survey designed with attention to the
needs of the target population, received approval from the Australian National University Human Research Ethics
Committee (Protocol 2018/066). The survey was promoted internationally by pressure injury organizations and the
SWG members.

The final stage involved determining the strength of each recommendation statement. The body of evidence
underpinning each recommendation was ranked by the SWG based on volume, consistency and level of evidence,
resource implications, acceptability and priority to stakeholder and feasibility to implement. Each member of the
guideline development team was invited to review this data for every recommendation and to participate in a web-
based consensus process to assign the strength of recommendations. The recommendation strength represents the
confidence a health professional can place in each recommendation, with consideration to the strength of supporting
evidence; clinical risks versus benefits; cost effectiveness; and systems implications.

More detail on the methodological process is outlined in Appendix 1: Guideline Methodology, and available from the
guideline website and the peer-reviewed publication.*

Guideline Recommendations and Good Practice Statements

Recommendations are systematically developed statements to assist health professionals, patient consumers and
informal caregiver to make decisions about appropriate health care for specificclinical conditions. The recommendations
and good practice statements may not be appropriate for use in all contexts, settings and circumstances. The guidance
provided should not be considered medical advice for specific cases.

The recommendations and good practice statements in this guideline are a general guide to appropriate clinical
practice, to be implemented by qualified health professionals subject to their clinical judgment of each individual
case, and in consideration of the patient consumer’s preferences and available resources. The guideline should be
implemented in a culturally aware and respectful manner in accordance with the principles of protection, participation
and partnership.

This guideline, and any recommendations within, are intended for educational and informational purposes only.
Generic names of products are provided. Nothing in this guideline is intended as an endorsement of a specific product.
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The guideline consists of five main sections: background material, prevention of pressure injuries, topics relevant to
prevention and treatment of pressure injuries, treatment of pressure injuries and implementing the guideline.

The Background chapters provide an introductory section to the guideline. The etiology chapter focuses on basic
science. The needs of specific patient populations is identified in the Purpose and Scope also outlined in the
Background chapters. The specific risks faced by specific population groups are discussed, with reference to sections
of the guideline that are of particular significance to different population groups.

The Prevention chapters of the guideline comprises four topics: pressure injury risk and assessment, assessment of skin
and tissue and preventive skin care. Risk assessment is an essential component of clinical practice that aims to identify
individuals who are susceptible to pressure injury development, in order to plan and implement care that addresses
the individual’s risks. Skin assessment is crucial in pressure injury prevention because skin status is a significant risk
factor for pressure injury development. Further, the skin can serve as an indicator of early pressure damage and guides
evaluation of preventive care. The identification and differentiation of erythema and considerations when assessing
individuals with darkly pigmented skin are discussed throughout this chapter. Preventive skin care, which focuses on
promotion of skin integrity and protecting the skin from damage, is a key component of pressure injury prevention
discussed in the Prevention guideline chapters.

The guideline chapters making up the section on Interventions for Prevention and Treatment of Pressure Injuries focus
on five areas of care (nutrition, repositioning and early mobilization, heel pressure injuries, support surfaces and device
related pressure injuries) that are important in both prevention and treatment of pressure injuries. Comprehensive
recommendations on strategies to promote nutritional status, thereby reducing pressure injury risk and/or promoting
wound healing are provided. The importance of ensuring adequate caloric, protein, vitamin, mineral and water/fluid
intake is highlighted. Repositioning and its frequency should be considered for all at risk individuals and must take
into consideration the clinical condition of the individual and the support surface in use. The importance of correct
manual handling technique, pressure relief schedules and early mobilization is discussed. Heel pressure injuries are a
challenge to prevent and manage. The small surface area of the heel is covered by a small volume of subcutaneous
tissue that can be exposed to high mechanical load in individuals on bedrest. The recommendations in this section
of the guideline address the importance of assessment, positioning and heel protection, while avoiding potential
complications. The recommendations in the support surfaces chapter address mattress/overlay and bed use, seats and
cushions, and other forms of support surface. Guidance on product selection, use safety and maintenance is provided;
however, manufacturers’ information should always be followed. Devices (both medically related and general objects/
furniture) are associated with a high risk of pressure injuries. These pressure injuries often conform to the pattern or
shape of the device/object and develop due to prolonged, unrelieved pressure on the skin. The recommendations in
this section address assessment, device selection, strategies to redistribute pressure, and skin protection.

The guideline chapters on Treatment of Pressure Injuries discuss assessment and treatment once a pressure injury
has occurred. The importance of accurate diagnosis, classification and assessment of pressure injuries is highlighted.
Pressure injury assessment and monitoring of healing provides an evaluation of care that informs the development of
a comprehensive, ongoing treatment plan. Pressure injuries are painful; however, pain is often under-recognized and
under-treated. Recommendations in the guideline chapter on pain focus on assessment and treatment of pain in the
context of providing quality care that addresses the individuals care goals. The treatment chapters of the guideline
discuss the overarching principle of wound bed preparation and research evidence specific to providing wound
care for pressure injuries. Critical approaches necessary to prepare the wound bed for healing including cleansing,
debridement, selection of the most appropriate wound dressings, infection management and other treatments for
the wound bed (e.g. biophysical agents) are discussed. These topics are relevant to the management of all chronic
wounds; however, the intention of this guideline is to discuss the research specific to pressure injuries. Finally, the
treatment chapters also include discussion of the management of an individual undergoing pressure injury surgery,
which may be required for non-healing pressure injuries and/or when the individual has clinical signs of severe
worsening infection or sepsis.

The guideline chapters on Implementing the Guideline address organization and professional level strategies for
effective implementation of the clinical recommendations in this guideline. This includes implementation strategy
(including facilitators and barriers), health professional education, supporting the patient consumers and their
caregivers, measurement on monitoring pressure injuries within a facility/organization, and quality indicators for
monitoring guideline implementation. Finally, the guideline includes discussion of ongoing research needs. The
paucity of high quality research on prevention and treatment of pressure injuries was highlighted in this guideline
update. And areas for which there is a strong need of good quality evidence attained from well-designed studies are
identified.
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THE ETIOLOGY OF PRESSURE INJURIES

Introduction

A pressure injury is defined as localized damage to the skin and/or underlying tissue, as a result of pressure or
pressure in combination with shear. Pressure injuries usually occur over a bony prominence but may also be related
to a medical device or other object.

A pressure injury can occur due to the forces of a patient’s bodyweight, or as a result of externally exerted forces such
as those applied by a medical device or other object, or by a combination of these. The injury can present as intact
(or unbroken) skin or an open wound and may be painful. The tissue damage occurs as a result of intense and/or
prolonged exposure to sustained deformations in compression (perpendicular to the tissue surface), tension or shear
(parallel to the tissue surface), or a combination of these loading modes. The tolerance of soft tissue for sustained
deformations differs by tissue type and may also be affected by microclimate, perfusion, age, health status (either
chronic or acute), comorbidities, and conditions of the soft tissues.

It is important to note that pressure injuries affecting the surface of a patient’s body are not limited to the skin.
For example, pressure injuries can occur on, within or underneath a mucous membrane, which is the moist lining
of body cavities including the respiratory, gastrointestinal and genitourinary tracts.” Mucosal pressure injuries are
primarily related to medical devices, typically caused by tubes and/or their stabilization equipment exerting sustained
compressive and shear forces on these vulnerable mucosa and underlying tissues.’

A number of contributing or confounding factors are also associated with pressure injuries; the primary of which is
impaired mobility.

Different injury mechanisms impact various tissues, including cell deformation damage (in single cells), inflammation-
related damage (in cells and tissues), and ischemia and reperfusion injury (also at cell and tissue levels). Sustained
deformation of cells, vasculature and tissues are the driving force for all these damage pathways, from integrity and
function of cell organelles to destruction of tissues and organs. For example, deformations may cause direct damage
to the structures of cells, but also trigger inflammation and development of edema, distort the capillary network and
reduce supply of nutrients to tissues, or cause lymphatic obstructions which will compromise clearance of metabolic
waste products. Hence, the exposure to sustained cell and tissue deformations directly and indirectly cause formation
and progression of cell and tissue damage in these multiple, interacting and escalating pathways.

Pressure Ulcer or Pressure Injury?

Since the first description of such injuries there has been debate regarding terminology. The oldest term is decubitus,
originally described as gangraena per decubitum by Wohlleben (1777), which means ‘dead tissue due to lying down’,
thus referring to wounds developed by patients while in bed. Etiological research started with the work of Groth? and a
number of seminal studies and papers by Kosiak® and Reichel.* Groth? used the term decubitus, Reichel* used decubitus
ulcers and Kosiak® used several terms including ischemic ulcers. None of these terms are accurately descriptive and
Kosiak’s® ‘ischemic ulcer’ implies the limited etiological pathway that was assumed at that time.

The term bedsore was documented by Florence Nightingale in 1859,°> and became more commonly used following
publication of Bedsore Biomechanics,® an edited book that followed the first international conference on pressure
ulcer etiology held in 1975 in Glasgow. This term maintains the association with the bed, despite knowledge at the
time that pressure ulcers could be acquired whenever soft tissues are in contact with supporting surfaces, and of the
major role played by shear forces and shear deformation. The addition of sore implies a raw or painful place on the
body.

In the 1980s the term pressure sore became more popular, losing the apparent relation between the injury and a bed.
Since the early 1990s the term pressure ulcer, has been commonly used; however, the term ulcer describes an open
wound at the skin surface. This omits both deep tissue injury, an internal wound under intact/unbroken skin (see
Classification section of this guideline) and Category/Stage | pressure injuries in which skin remains intact.

All the above terms are still in use by clinicians and/or patients. In Europe the term pressure ulcer is widely used,
whilst in South-East Asia, Australia and New Zealand the term pressure injury has been adopted. The United States is
transitioning to the term pressure injury; this is currently recommended by the US National Pressure Injury Advisory
Panel and supported by many wound care organizations and regulatory bodies; however, discussions regarding
terminology continue.” Although none of these terms comprehensively describes the full etiology of these wounds,
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they all refer to the same phenomenon described in the introduction to this guideline section. The terminology
remains the subject of ongoing discussion and debate. In this version of the guideline the term pressure injury is used.

Factors That Influence Susceptibility to Pressure Injuries

A number of factors that may influence an individual’s risk of developing pressure injuries have been described in
relevant research and are discussed in the Risk Factors and Risk Assessment chapter of this guideline. The work of
Coleman and colleagues (2014)% has classified the relevant risk factors into two groups (Figure 2.1):

1. Mechanical boundary conditions, including magnitudes and time durations of the applied mechanical loads, and
their mode of action, such as compressive or shear.

2. Tolerance of the individual (internal anatomy including the prominence of bony structures, tissue morphology,
mechanical properties of tissues, tissue repair capacity and transport and thermal properties of tissues).

Mechanical boundary conditions
Magnitude of mechanical load > Internal strains

Duration of mechanical load Stresses
Type of mechanical load (shear, pressure, friction)

e
Risk factors Pressure injury ?

Susceptibility and tolerance of the individual
Mechanical properties of the tissue Damage
Geometry (morphology) of the tissue and bone  |—gu threshold
Transport and thermal properties
Physiology and repair

Figure 2.1: Factors influencing the susceptibility of an individual for developing pressure injuries (Adapted from Oomens (1985)° by
Coleman et. al. (2014)% and reproduced with permission)

The first group of factors dictates the internal deformations, strains and stresses within soft tissues as well as the
quality of vascular perfusion and lymphatic drainage under the applied loads. The latter set of factors determines
the tissue injury threshold of the individual. Acting together, the two factor groups determine the time taken for a
pressure injury to develop in the individual, and the extent and severity to which it will develop if that individual or
an affected body part of the individual is immobile and/or insensate.

Mechanical Boundary Conditions
Magnitude and Duration of the Mechanical Load
This section defines a number of commonly used mechanical terms.

Mechanical load comprises all types of force that are applied to the soft tissues of an individual as a result of contact
between the skin and a solid surface (including air-filled or water-filled support surfaces, medical devices and other
types of surfaces). It includes bodyweight forces transferred through bony structures which are transmitted through
the soft tissue to the supporting surface. External mechanical loads are often characterized as being a normal force (a
force perpendicular to the skin surface) or a shear force (a force parallel to the skin surface). In almost all real-world
scenarios, the interacting force is a combination of a normal and a shear force.

Pressure is defined as normal force per unit surface area (of skin or underlying tissue).

When two surfaces are in contact with each other, they can either be fixed (no sliding occurs between the surfaces) or
they can slide over each other (in technical literature, referred to as slip). The occurrence of fixation or slip depends on
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surface properties such is the micro-roughness and wetness level and mechanical loading conditions (a combination
of normal and shear forces).

In the technical literature, the term friction is used to describe all phenomena that relate to interface properties
and sliding of surfaces with respect to each other. In literature related specifically to pressure injuries, including
this guideline, friction is used to define the contact force parallel to the skin surface due to internal bodyweight
loads or forces exerted by a medical device. In either case, the applied frictional forces may be static (if there is no
relative movement between the skin and the contacting surface/material) or dynamic (when such relative movement
occurs).'o"

Continuous or repetitive movement, rubbing or sliding of a material (e.g., a textile) or another body part along
the skin (i.e. including skin-to-skin contact e.g., where the lower extremities lie on top of each other) can result in
redness, inflammation or a lesion referred to as a friction blister. These blisters are not considered to be pressure
injuries. However, when the body is in contact with a supporting surface, such as a wheelchair cushion or mattress,
both normal forces and shear forces are generated between the body and the support. As a result, the loaded soft
tissues, including skin and deeper tissues (e.g., adipose tissue, connective tissues, and muscle) will distort and deform,
resulting in a strain (a measure of the relative deformation) and stress (force transferred per unit area) within the
tissues. Excessive internal strains and stresses in tissues may impair transport phenomena in cells by causing damage
to cell structures such as the cytoskeleton or plasma membrane and may also hinder transport processes within the
tissues (e.g., by reducing blood perfusion, impairing lymphatic function and affecting transport in interstitial spaces).
Cell death, in turn, triggers an inflammatory response that causes increased permeability of the vasculature as gaps
develop between endothelial cells, resulting in inflammatory edema''3 that further increase the mechanical loads on
cells and tissues through a rise in interstitial pressures (see Figure 2.2).

The specific ways by which cells and tissues are affected by mechanical loads are a complex process that depends
on anatomical structure and morphology (the size and shape of the different tissue layers) and the biophysical and
mechanical properties of the tissues involved (e.g., density and composition, water contents, stiffness, strength and
diffusion properties), as well as the magnitudes and distributions of the mechanical forces that are applied to the
tissue at the regions of contact with the supporting surface or medical device.

Morphology, mechanical properties and tissue tolerance can all change over time as a result of aging, lifestyle, chronic
injury, or disease.'' In general, external mechanical loading, even of a uniform nature, will lead to a highly irregular
internal tissue response (i.e., different responses at different locations). This can also be referred to as a heterogeneous
or nonhomogeneous response.

Normal forces will be highly non-uniform across the supported areas in the presence of clinical conditions (e.g., a
human body supported by a mattress or cushion or an oxygen mask pushing against the face), and some shear force
will always exist. Accordingly, considerable deformations and strains may occur within the skin and deeper tissues in
weight-bearing postures such as when lying in bed or sitting on a chair.

Techniques available for assessment of internal deformation are magnetic resonance imaging (MRI), elastography,
and ultrasound. These imaging modalities can be used in combination with subject-specific theoretical computational
(finite element) models (a method of solving mechanical problems by means of a powerful computer and dedicated
software) to estimate deformations, strains and stresses throughout the tissue structures, and predict the risk of cell
and tissue damage.

Pressure injuries develop as a result of the internal response to bodyweight forces or external mechanical load.
Understanding the etiology of pressure injuries relies on a knowledge concerning the internal cell and tissue responses
to mechanical loads and not just what is apparent on the outside of the body or on the skin surface.’®

Figure 2.2 presents a schematic description of the process of cell damage due to bodyweight forces and the resulting
pressure and shear on skin that cause sustained mechanical deformations in tissues, including the contribution of
inflammatory edema to the damage cascade. Pressure and shear loads can also originate from a medical device or
other object that is in contact with the skin. Frictional forces (bodyweight-related shear) can be either static (when
the body or a body part is stationary) or dynamic (such as during spontaneous or repetitive movements/rubbing,
sliding in bed due to gravity or while repositioning the patient). Noteworthy is that this schematic description depicts
the immediate and short-term damage factors; however, ischemia is also a factor which may be involved later in
the damage cascade. Ischemic conditions may be caused by sustained vascular deformations. There is continuous
interaction between ischemia and the inflammatory process described here, as inflammation affects the function of
endothelial cells which comprise the capillary walls. The ischemic conditions may be further exacerbated by the build-
up of localized edema and the associated increased interstitial pressures, as shown.
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Type of loading and the tissue response

The primary cause of pressure injuries is sustained mechanical loads that are applied to soft biological tissues, generally
but not necessarily near a bony prominence. The said mechanical loads can originate from bodyweight forces (body
mass pulled by gravity) or from the environment, for example delivered by a medical device (e.g., a ventilation mask or
a pulse oximeter which apply sustained forces and deformations to tissues that are in contact with these devices). Such
medical devices are typically considerably stiffer than the skin, and the mismatch in mechanical properties between
device and skin as well as underlying soft tissues causes focal deformations and mechanical stress concentrations in
tissues near the contact sites with the device."'® Deformations of skin and/or deeper tissues due to bodyweight loads
or exerted from the environment (e.g. a medical device) must be sustained for the tissue damage that characterizes
a pressure injury to occur.
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Figure 2.2: Schematic depiction of the process of cell damage (Reproduced with permission from Gefen')

The magnitude of the internal mechanical load required to lead to tissue damage depends on the duration of time
for which the load is applied, as well as on the specific biomechanical tolerance of the tissue subjected to the loading
(which is a function of age, morphology, health conditions, and body system function including the tissue repair
capacity). Application of both a high load for a short period or a low load for a prolonged period can lead to tissue
damage.?3202°

Sustained loading refers to a load that is applied for a long duration (minutes to hours or even days). In technical
terms this is called a quasi-static mechanical loading. At high tissue deformations resulting from pressure and shear,
damage to the cells is visible on a microscopic level within minutes in a cell culture and tissue engineering models,
although it may take hours of sustained loading before this is clinically visible as a pressure injury.3°3

19



CLINICAL PRACTICE GUIDELINE 2 ETIOLOGY

By contrast, impact damage resulting from rapid, high magnitude loading such as would occur as a result of an
accident or trauma, does not fall under the definition of pressure injuries (although it similarly injures cells and tissues
by application of mechanical loads). The etiological difference is essentially the time of exposure to the mechanical
loads. With impact damage, a very high mechanical load is applied to the tissues and organs within a fraction of
a second. The mass of the objects plays an important role and inertia effects leading to shock/pressure waves in
the tissue may cause high external and internal damage, all within a fraction of a second.?? Impact damage is not
considered a pressure injury because the primary damage occurs within fractions of a second.

The historical threshold function for damage developed by Reswick et. al.?° depends on pressure applied to the skin
and duration of applied pressures. Its development was based on observations of superficial (skin) damage in humans.
Although Reswick et. al.?® indicated that the function becomes asymptotic (meaning that it goes to infinity) for short
durations of applied pressure, we now understand that the absolute limit on pressure magnitude is finite as shown
in Figure 2.3. The Reswick curve? is therefore incorrect in the sense that it does not reflect the risk of tissue damage
at the extremes, particularly for very short loading times.?*3* Sufficiently high loads can almost instantaneously cause
(traumatic) damage to tissues at a microscopic level, which can be made visible with MRI or histological techniques.
High loads applied for durations in the order of minutes can also cause cell death and tissue damage events, as
known from clinical experience and as also supported by MRI and histological data from living model systems (animals
and tissue engineering models). High loads are not necessarily traumatic impact loads but can be intense tissue
deformation episodes that may occur in common clinical conditions (e.g., when using transfer boards, toilet seats,
shower stools, overtightening oxygen masks, leaning against the rails of the bed etc.).":283%35 Conversely, it is known
empirically that low loads such as those experienced by healthy individuals daily (e.g., from the weight of clothing,
or from wearing glasses, watches or jewelry) will not lead to damaged tissues even if applied for extended periods of
time.3334

Due to variability in individual anatomies, tissue tolerances and confounding factors, it is not possible to determine
generic quantitative values for tissue damage thresholds as a function of the pressure and exposure time; therefore,
the axes of Figure 2.3 are not scaled.?®?3> Temperature, for example, has been shown to have a profound effect on
the tolerance of tissue to pressure damage, and this plays an important role in interactions with support surfaces and
medical devices.**3” Other intrinsic confounding factors include macrovascular and microvascular diseases.
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Figure 2.3: Tolerance behavior of soft tissues subjected to sustained mechanical loads

Model formulated by Linder-Ganz et al. (2006)*® and based on experimental data from animal and tissue engineered models, respec-
tively (marked “Gefen curve”), compared to the historic Reswick & Rogers pressure-based damage threshold proposed in the 1970s.
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Minimizing compressive (pressure) and shear loads at the interface between the body and the supporting surface or
between the body and a medical device are valid clinical interventions for reducing the risk of developing pressure
injuries.?® However, pressure measurements alone are not a reliable measure for risk of tissue breakdown, given
that similar interface pressure magnitudes will translate to different internal tissue loads in different individuals
depending on their internal anatomy (curvature of bony prominences, masses and composition of soft tissues, and
soft tissue mechanics properties).® It is therefore not appropriate to judge an individual’s risk of tissue damage based
on interface pressure alone, or even exposure to interface pressures over time.6414°

Elevated shear forces at the interface between the body and a support surface or medical device can exacerbate the
damaging deformation caused by normal stresses (pressures) alone.*#:4%5 |nternal strains and stresses adjacent to
bony prominences are substantially higher than those near the surface, and rise with the level of sharpness of the
bony prominence, due to stress concentration effects.>>* These stress concentrations have the potential to cause

damage in deep tissues before the superficial tissue is damaged, and before damage is visible to the naked eye.*?446
48,54-56

Friction injuries such as blisters and abrasions may disturb the barrier function of the epidermis. Consequently, support
surfaces characterized by high coefficients of friction, or for which the coefficient of friction increases substantially
due to wetness (perspiration, exudate and body fluids), represent an extra danger for skin tears, skin breakdown and
for infection to occur concurrently with pressure injuries.'2*5 Sustained weight-bearing, by itself or in combination
with moisture and wetness, may affect the skin micro-topography (roughness) features, which in turn affects the
coefficient of friction of skin with the contacting surface.®® These biomechanical interactions are complex and are
beyond the scope of this chapter, though it is worth noting that these interactions help explain why moisture associated
skin damage is commonly confused with pressure injury.>® Moisture associated skin damage may compromise the
epidermis barrier function and hence predispose tissue to pressure injury. Detailed review is available of the behavior
of skin subjected to frictional forces in a moist environment and the associated risk for skin breakdown.0.1.60

Susceptibility and Tolerance of the Individual

The current understanding is that there are fundamental differences in etiology of superficial pressure injuries
compared to pressure injuries in deeper tissue layers.5! Superficial pressure injuries are primarily caused by high shear
at the skin surface, while deeper pressure injuries predominantly result from high pressure in combination with shear
at the surface over bony prominences.>*%272 The characteristics of the individual will determine the magnitudes of
tissue mechanical loads, the distributions of loads in tissues, the exposure time of tissues to the sustained loads and
the tolerance of the affected tissues to the loads. Two physiologically-relevant deformation thresholds exist. One is
a lower threshold leading to occlusion of blood vessels resulting in ischemia-induced damage; the other is a higher
threshold leading to direct deformation-induced cell damage.?"7378

Ischemia as a result of sustained deformation of soft tissues will lead to hypoxia, reduced nutrient supply, and
impaired removal of metabolic waste products. Deprivation of nutrients and decrease in the pH level towards a more
acidic extracellular environment due to accumulation of waste products will eventually lead to cell death and tissue
damage.?>2>798° Bodyweight forces and sustained deformations may alter the stiffness properties of skin even if no
injury has been caused, e.g. due to changes in skin hydration.>® If an injury has been formed due to the sustained
deformations, soft tissue properties may abnormally change. For example, skeletal muscle may exhibit localized ‘rigor-
mortis’ sites of stiffening (i.e., localized pathological contractions due to destruction of muscle fiber membranes) that
adds inhomogeneity to the load patterns and promotes intramuscular stress concentrations that endanger adjacent
tissues.®58! Sustained deformations may also obstruct lymphatic vessels and reduce the lymphatic flow during and after
periods of sustained loading, which further contributes to the biochemical stress at the distorted tissues.®? Exposure to
ischemic conditions including an acidic extracellular environment (low pH) have shown to slow cell migration in cell
culture models, particularly of fibroblasts,® which may compromise the body’s attempts to repair micro damage and
hence contribute to an overall accelerated rate of tissue damage in pressure injuries.” In elderly patients and those
with a central nervous system injury, the capillary density is reduced which typically compromises tissue perfusion,
and often, in addition, chronic tissue inflammation is present.'*'® Both these factors reduce tissue tolerance as well as
repair capacity (e.g. recruitment rate of tissue-repairing cells), in addition to the biomechanical contribution of low-
strength atrophied skin and subdermal tissues to the risk of tissue breakdown.™

The time duration during which cells and tissues can endure ischemia without occurrence of irreversible damage differ
for the various tissues that are potentially involved in pressure injuries (i.e., muscle, fat, and skin), with temperature
and absorbed moisture for skin. Muscle tissues are more susceptible to damage than skin tissues.?>?784 Skin is much
stiffer than muscle and fat and therefore deforms to a lesser degree in most clinically-relevant scenarios, such as
bodyweight forces during prolonged sitting or lying in bed. In animal experiments, the first signs of ischemic damage
are found in skeletal muscle after two to four hours of sustained deformation.??253875767980 Muscle deformation at
strains greater than 50% will almost immediately (within minutes) lead to tissue damage at a microscopic scale.3® At
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this degree of strain there is a strong correlation between magnitude of the strain and the amount of damage to
muscle cells/fibers. This direct deformation-inflicted damage to cells is very likely the result of loss of integrity and
structural support provided to the cell body by the cytoskeleton. It is probably also related to stretching of the plasma
membrane, which increases when the structural support provided to the membrane by the cytoskeleton diminishes,
and internal signaling pathways related to these excessive deformations causing apoptotic cell death.20212835738588
Recent work is applying findings from the rapidly growing field of mechanobiology to pressure injury etiology.

Ongoing Research: Current and Future Perspectives

The rapidly growing field of mechanobiology provides important new insights in how direct deformation results in cell
injury and death. First, mechanobiology generates new basic understanding of the mechanisms leading to apoptotic
cell death in pressure injury formation and progression as a result of the gradual degradation of cell structures
subjected to bodyweight or external forces.® Second, mechanobiological work cited above has a strong translational
aspect, in offering a new avenues for interventions at the cell level to eventually increase the tolerance of cellular
structures and organelles to sustained mechanical loads. Third, mechanobiology work has recently indicated that
stimulating cells mechanically by applying low-level, non-damaging mechanical deformations/strains, accelerates cell
migration into damage sites (in laboratory cell cultures).®® Given that a pressure injury forms when the rate of cell and
tissue death is greater than their rate of regeneration (i.e., through cell proliferation, migration and differentiation),
mechanobiology research may reveal optimal stimuli to promote these repair processes, particularly migration of cells
at different tissue depths into a micro-damage site at the onset of a pressure injury.®

Another recent focus of work is the balance in the interstitial space, where transport of nutrients and waste products
that is critical for healthy tissue homeostasis takes place. In a forming pressure injury, that balance is influenced by
the interactions of direct deformation damage, inflammatory damage and ischemic damage. Specifically, diffusion of
nutrients, clearance of waste products, and hormones that regulate muscle metabolism may be hindered by mechanical
loading.?%% Recent laboratory (e.g. cell culture and tissue engineering) and computational (e.g. finite modelling)
modeling work suggest that the localized sustained large deformations in weight-bearing soft tissues under bony
prominences translate to large cellular deformations at the micro-scale and cause distortion of cellular organelles,
for example considerable stretching of cellular plasma membranes.®*®® The prolonged exposure to large tensional
plasma membrane strains may interfere with normal cellular homeostasis, primarily by affecting transport through
the plasma membrane that could become more permeable when it is highly stretched. This has been visualized and
quantified in cell cultures subjected to physiologically-relevant deformations for periods of two to three hours, using
biomolecular fluorescent markers.8100.101

The progression of cell death and tissue necrosis cause gradual local alterations of the mechanical properties of the
injured tissues that can in turn distort the distribution of strain and stress, and are likely to exacerbate the injury, e.g.,
through the development of inflammatory edema and localized rigor mortis in skeletal muscles.'555666.102 | ocalized
inflammatory edema, one of the earliest signs of cell death in pressure injuries, is detectable via measurement of a
biophysical marker called the biocapacitance of tissues.’?'* Reperfusion that follows a period of prolonged ischemia
may increase the degree of tissue damage because it involves release of harmful oxygen free radicals and pro-
inflammatory cytokines.03-108

An increasing body of evidence suggests that the microclimate between skin and the supporting surface plays a role
in the development of pressure injuries. Microclimate refers to the temperature, humidity and airflow next to the skin
surface. Skin microclimate influences the temperature and hydration of the skin. With an increase in temperature and
humidity, the skin becomes weaker (more vulnerable) and less stiff. Excessively dry skin is also undesirable as dry skin
becomes more brittle and liable to cracks (fissures). The skin microclimate affects the skin structure and function and
the response to mechanical loading, and is relevant for all pressure injuries, not just the superficial ones. Microclimate
conditions at the skin affect, for example, the load transfer from the skin to deep tissue and hence the risk for a deep
tissue injury.

The characteristics of an optimal microclimate are still a matter of debate and ongoing research.’ Wetness of the
interface plays an important role in the mechanical interactions between the skin and a support surface, a medical
device or clothing. Materials with a higher wettability generally show a larger increase in friction coefficient when
exposed to warm and moist conditions."® The temperature of the body influences the production of perspiration.
Given that the evaporation of perspiration from the body depends on the local and ambient humidity as well as
interactions with contacting materials (e.g., clothing, bedsheets, wheelchair cushion cover and wound dressings),'"
microclimate eventually impacts:
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¢ The frictional properties of skin
e The magnitudes of frictional forces acting on the body

e Tissue deformations resulting from any frictional sliding movement and shear force between the skin and a support
surface or a medical device.

This is discussed by Gefen and colleagues.'®''3760 OQverall, there are strong connections between microclimate and
friction, and hence surface and internal tissue loads, and the exposure of living cells to these mechanical loads.

The damage cascade in pressure injuries, illustrated in Figure 2.4, includes the sequential damage associated with
direct deformation, inflammatory response, and ischemia.” The additive nature of these damages highlights the
importance of minimization of exposure to sustained tissue deformations and early detection of cell and tissue damage
for effective pressure injury prevention. The risks associated with prolonged surgery (sustained soft tissue deformations
in the immobile individual’s body), and certain medications that affect the functions of the inflammatory system (e.g.,
steroids and chemotherapy) or vascular system (e.g., vasopressors) should also be interpreted in light of the above-
described damage cascade and its three main constituents; namely, deformation, inflammation and ischemia. Examples
of current pressure injury prevention technologies can be classified into those that minimize exposure to sustained
tissue deformations and those that target the biomarkers of early cell death to prevent progression of the damage.

The translation of basic science findings to medical technologies is based on understanding the etiology of pressure
injuries. This then facilitates the development of better devices and protocols for pressure injury prevention. The
review of such relevant medical technologies and devices is outside the scope of this chapter. The connections between
pressure injury etiology and preventive strategies is explored in other chapters of this guideline.
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Figure 2.4: Contributors to cell damage and tissue necrosis in pressure injuries’™

¥ There are three major contributors to cell damage and tissue necrosis that have been identified in pressure injuries in cell culture

models, animal models, tissue engineering work and computational modeling:

(i) Direct deformation, inflammatory response, and ischemia. Direct deformation is the initial factor that begins to inflict cell and
tissue damage at time point t, . and progresses at a rate a.

(ii) Inflammatory response-related damage occurs second at time point t, ,  and develops at a rate .

(i) Ischemic damage is the next to appear at time pointt_, _and evolves at a ratey.

The combined contributions of these three contributors to damage at sequential time points explains the non-linear nature of the

cumulative cell and tissue damage in pressure injuries. This damage will accelerate from the micro-scale to the macro-scale and

eventually exacerbate at a rate of a+p+y. Reproduced with permission.

There are also complex interactions (not shown here) which may occur between the above three damage components. For
example ischemia may be produced by vascular deformations as the direct cause, but ischemia is then further influenced by the
evolving inflammatory process as endothelial cells (which make the walls of capillaries) are developing cell-cell gaps, in response to
inflammatory signaling.
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POPULATIONS WITH SPECIFIC PRESSURE INJURY RELATED
NEEDS

Introduction

While most of the recommendations included throughout this guideline are relevant to all individuals with or at risk
of pressure injuries, it is acknowledged that some individuals have specific pressure injury-related needs, due to their
clinical condition, age or care setting. The previous edition of this guideline included chapters specific to a range of
special populations. However, in most cases specific pressure injury-related needs for special populations are in addition
to, rather than a replacement for, more general evidence-based care practices. Evidence arising from studies in one
population are frequently relevant to other groups at risk or have pressure injuries, and many care recommendations
are extrapolated from evidence in a range of special populations. In this edition of the guideline, recommendations
specific to special populations have been incorporated into the relevant guideline chapters. Where specific and unique
evidence exists for prevention and treatment of pressure injuries in a special population, recommendations specific to
that population are presented in the relevant chapter. The implementation considerations in this guideline also note
any variation to implementing the recommendation when caring for special populations. The special populations that
have been specifically considered include:

e Critically ill individuals

¢ Individuals with spinal cord injury

* Individuals receiving palliative care

e Individuals with obesity

* Neonates and children

* Individuals in community, aged care and rehabilitation settings
* Individuals in the operating room

* Individuals in transit.

This chapter will provide a background on issues of significance to the special populations that have been considered
in the development of this guideline.

Critically Il Individuals

Critically ill people, cared for in intensive care units (ICUs), are a unique subset of hospitalized individuals and represent
the sickest patients in the health care system. Critical illness can render an individual physiologically unstable requiring
treatment with invasive modalities such as mechanical ventilation, vasopressor agents, extracorporeal membrane
oxygenation, intraaortic balloon pump, left ventricular assist devices, or continuous renal replacement therapy.’
Clinical parameters such as hypotension, tachypnea, tachycardia or bradycardia, hypoxemia, hypo or hyperthermia,
prolonged capillary refill time, oliguria, and altered mental status are all indicators of physiologic and hemodynamic
instability,? and may be the result of conditions such as acute blood loss, shock states or decreased systemic vascular
resistance from sepsis. The development of a pressure injury presents an additional comorbid threat for an already
severely compromised person.

Pressure injury rates in the critical care population are reported as one of the highest among hospitalized individuals.>*
A comprehensive review of pressure injury prevalence studies up to 2013 reported a range of 13.1%°to 45.5%.” More
recently, a state-wide prevalence survey (18 facilities) conducted in Australian Level | to lll ICUs reported prevalence of
Category/State Il or greater pressure injuries at 11%, which was 3.8 times (relative risk [RR] 95% confidence interval
[CI] 2.7 to 5.4 higher than for non-intensive care units in the same facilities.® Another recent survey conducted over
8.5 years in an Australian hospital (n = 5,280) reported a 10-fold higher incidence of facility-acquired pressure injuries
in ICU settings compared to general hospital wards.®

The higher rate of pressure injuries in critical care settings is attributed to the high level of disease/illness burden;
hemodynamic instability requiring the use of vasoactive medications; poor tissue perfusion and oxygenation;
coagulopathy and repeated confrontations with multiple, concomitant risk factors for pressure injury development
experienced by this population.’®'" Additionally, implementation of some preventive measures may be limited or even
contraindicated. For critically ill individuals experiencing multi-organ system failure, impaired tissue oxygenation and
perfusion can contribute to ‘skin failure’, thus the development of a pressure related injury may be an unavoidable
outcome and skin damage may occur independent of external pressure on non-loading surfaces.
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Critically ill individuals at-risk for pressure injuries should be provided with preventive measures described throughout
this guideline. However, due to the additional (and often non-modifiable) risk factors faced by this special population,
risk-based interventions often need to be intensified, and interventions specific to the unique needs of critically ill
individuals must be provided. In particular, the Repositioning and Early Mobilization chapter outlines recommendations
that are specific to critically ill individuals.

Several preventive interventions have been studied in critical care populations, and this research underpins general
recommendations throughout the guideline. Notably, current research on the clinical efficacy and cost effectiveness
of prophylactic sacral and heel dressings in critically ill individuals is presented in the Preventive Skin Care chapter. The
chapter on Device Related Pressure Injuries includes discussion of current research on prevention of pressure injuries
under devices commonly found in critically ill populations (e.g., endotracheal tubes, tracheostomy tubes). While the
recommendations are considered relevant to all people with or at risk of pressure injuries, they are particularly
relevant to critical care settings.

Individuals with Spinal Cord Injury

Individuals with spinal cord injury (SCI) are at an increased risk of pressure injuries due to immobility, decreased
sensation and altered pathophysiology that predisposes the skin to breakdown.'? Duration of time since experiencing
the SCl also influences pressure injury risk, with pressure injuries significantly more likely to occur within twelve months
of the SCI than in individuals with long-standing SCI." Lifestyle factors including smoking, alcohol and medication
use,' level of physical activity, compliance with a pressure injury prevention plan,”™ knowledge of pressure injury
prevention strategies,’' and access to appropriate support surfaces'™ have all been associated with pressure injury
incidence and healing outcomes in individuals with SCI.

During the stage of hospitalization, prevalence rates vary. In a large US database study, prevalence of hospital-
acquired Category/Stage Il or IV pressure injuries was reported as 1.48% (95% Cl 1.14% to 1.92%)." In a seven-year
study conducted in six trauma centers in the US (n =411), pressure injuries were reported as a complication for 2.6% of
individuals with SCIL."® In a point prevalence study that also relied on database entries, prevalence of pressure injuries
in an SCl-specialized facility in the US was 12%."° These prevalence rates are all location specific, and interpretation is
complicated by the population selection and various different methods for identifying pressure injuries and calculating
prevalence rates. After discharge, prevalence of pressure injuries in the community is harder to ascertain. In a cohort
study set in Thailand, 42% of wheelchair-bound participants (n = 50) had experienced a pressure injury within six
months of their discharge from a rehabilitation center.?’ A second study conducted in individuals with SCl in Thailand
(n = 129) reported a prevalence rate of 26.4% based on a self-reported survey.?! However, the wide variety of care
models and access to resources reduces the generalizability of prevalence rates.

The risk of pressure injuries affects individuals with SCI at every stage of their care. Ploumis et al. (2011)" found that
receiving acute care in an SCl-specific facility at the time of spinal injury significantly decreased the risk of having a
pressure injury by the time the individual reached the rehabilitative stage of their care (12% versus 34% for individuals
cared for in a non-SCI acute care facility, p < 0.001). However, Richard-Denis et al. (2016)?> did not observe the type
of care facility to have an impact on pressure injury risk. In their five year study of individuals in rehabilitative care
(n = 123), the odds ratio [OR] of experiencing a pressure injury in a specialized facility compared to a non-specialized
facility was 0.059 (95% Cl 0.01 to 0.27).2

In the acute stages, management strategies for suspected SCl increase risks of many adverse outcomes, one of which is
skin breakdown associated with pressure and shear. Recommendations on back board use for reducing spinal mobility
in the acute care phase are included in the guideline chapter on Support Surfaces. Recommendations on the use of
cervical collars for stabilizing the spine are included in the guideline chapter on Device Related Pressure Injuries.

During the recovery and rehabilitation stages, having a shorter length of stay in acute care reduces the risk of
developing a pressure injury,'*92%24 if an individual does develop a pressure injury, the length of stay in acute care
becomes significantly longer, lengthening the recovery period.'®?* A large observation study of individuals at least
one year post traumatic SCI (n = 1871) demonstrated that individuals with more severe SCI have a trend towards
worse pressure injury-related outcomes than those with less severe SCL.'* More severe immobility and limitations in
performing activities of daily living (ADLs) has also been associated with higher rates of pressure injury'® and pressure
injury infection? in other studies.

Unlike many other individuals for whom pressure injuries are no longer a risk following their discharge from a health
care facility, individuals with SCI face a life-long risk that impacts on their daily living. In a longitudinal study in which
in-depth interviewing was conducted with 30 individuals with SCI in the US, Jackson et al. (2010)% identified that the
risk of pressure injuries was perceived as a perpetual danger, and individuals often faced tension between living a
full life and avoiding situations that put them at higher risk. Being motivated, initiating positive lifestyle changes,
identifying goals and understanding pressure injury risk were all associated with a more positive pressure injury risk
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status for individuals with SCI in both Jackson et al.’s study?® and others.?’”-?* However, individuals with SCI frequently
report barriers to accessing care, services, resources and support.26-2

Mathew (2013)'® found that 65% of all pressure injuries could be attributed to poor pressure relief practices in a cohort
of individuals (n = 108) with SCI receiving rehabilitation. Promoting the use of appropriate equipment, particularly
wheelchairs and pressure redistribution cushions, and use of regular and effective repositioning are basic requirements
for individuals living with SCI. The guideline chapters Support Surfaces and Repositioning and Early Mobilization
provide recommendations of particular relevance to individuals with SCI, including recommendations on equipment
selection, repositioning in seated positions and pressure relief maneuvers. Addressing education and lifestyle needs
are also an ongoing requirement in order to promote self-efficacy in pressure injury prevention. The guideline chapter
on Quality of Life, Self Care and Education includes recommendations that are pertinent to individuals with SCI. The
recommendations included in other sections of the guideline are also generally appropriate to individuals with SCI.

Up to 95% of individuals with SCI will experience a pressure injury at some stage during their life.’”? The experience of
having a pressure injury is described by individuals with SCI (n = 19) in a qualitative exploration conducted by Dunn et
al. (2009).% Participants described underestimating the danger of pressure injuries and a lack of knowledge regarding
prevention and management. They described avoiding social discomfort as a contributing factor to pressure injury
development, as well as inadequate medical assistance, and the competing demand of managing comorbidities.?® In a
Canadian study,*® the high financial cost associated with management of community-based individuals with SCl who
experience a full thickness pressure injury was reported. Monthly costs of approximately $4,700 (Canadian dollars in
2010) were reported, of which 59% were attributed to the cost of health professional care and hospital admissions.3
Making care decisions to promote healing, particularly addressing the difficulty of healing ischial and sacral pressure
injuries, is discussed in the guideline chapter on Repositioning and Early Mobilization.

Individuals Receiving Palliative Care

Both palliative care and hospice care offer a multidisciplinary approach providing comfort and support to individuals
with a serious or chronic illness. The Word Health Organization (WHO) defines palliative care as “an approach that
improves the quality of life of patients and their families facing the problem associated with life-threatening illness,
through the prevention and relief of suffering by means of early identification and impeccable assessment and
treatment of pain and other problems, physical, psychosocial and spiritual.”3' Palliative care can begin at diagnosis,
and at the same time as treatment for serious illness. Hospice care offers supportive care to individuals in the final
phase of a terminal illness and focuses on comfort and quality of life, rather than cure. The goal is to enable patients
to be comfortable and free of pain, so that they live each day as fully as possible. End-of-life/hospice care begins after
treatment of the disease is stopped and when it is clear that the person is not going to survive the illness (usually when
the person is expected to live 6 months or less).

Hospice care is a high risk setting for pressure injury development, as individuals at the end of life experience organ
system failure. Skin is the largest organ of the body, and it is subject to failure like any organ. Because of this, skin
breakdown is inevitable for many individuals at the end of life,3*%° and healing is often not a realistic goal.?84'% |n
addition, new pressure injuries may occur in this vulnerable population.®

Areas of pressure injury prevention and treatment with notable relevance to individuals in palliative care settings
include establishing the individual and/or informal caregivers’ goals of care, which are discussed in the guideline
chapter Pressure Injury Assessment and Monitoring of Healing. The chapter on Pain Assessment and Treatment is also
particularly relevant to individuals receiving palliative care.

Individuals with Obesity

Obesity has increased dramatically in the last few decades.* Currently 65% of the global population live in countries
in which being overweight or obese is associated with greater mortality than being underweight.*” The World Health
Organization (WHO) defines overweight and obesity as abnormal or excessive fat accumulation that may impair health.*
In clinical settings, obesity is defined by body mass index (BMI), body composition assessment or another validated
approach. Three classifications of overweight severity are identified by the WHO when using BMI to define obesity: 4

e Obese I: BMI 30.0 to 34.9 kg/m?
e Obese Il: BMI of 35.0 to 39.9 kg/m?
e Obese Ill: BMI = 40.0 kg/m?2.

Caring for the individual with obesity can be challenging for both patients and primary caregivers. These patients have
specific health care requirements different to those of standard sized individuals. These challenges are influenced by the
patient’s altered integumentary system, mobility status, body shape, weight and other health-related comorbidities.
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Limited or lack of availability of equipment such as type-specific bed, support surfaces, and mobility devices are
additional challenges for the primary caregivers.

A lack or limited availability of equipment for individuals with obesity lead to difficulty in management of existing
pressure injuries and in preventing further skin breakdown. In addition, occupational health risk consideration should
be provided to primary caregivers in choosing equipment for these individuals.

Being aware of the specific needs of the individual with obesity will ensure a proactive approach is embraced to
prevent harm to skin and improve the quality of care for this specific patient group.

Obesity is associated with various skin and tissue health problems and diseases;*® however, precise causal relationships
between obesity and pressure injury development are unclear. Based on finite element modeling,* epidemiological
data,*®and clinical experience, there appears to be a U-shaped relationship between BMI and pressure injury occurrence.
Both very thin individuals and those who are overweight to obese are at higher pressure injury risk compared to
individuals within a normal BMI range. However, while the association between underweight and increased pressure
injury risk is established, evidence supporting the relationship with obesity seems to be less clear.

Epidemiological studies have demonstrated strong, weak or no relationship between obesity and pressure injuries.>-3
Compher et. al.>* conducted a secondary analysis of a cohort study (n = 3214) on risk factors for pressure injuries and
found a reduced odds ratio (OR) for pressure injuries in obese individuals (adjusted OR = 0.70, 95% ClI 0.40 to 1.0),
indicating that obesity might be a protective factor. Possible explanations for these findings are that non-comparable
skin areas, non-comparable pressure injury Categories/Stages, and use of different BMI cut-offs and categories.

Shear and friction are often increased as the individual with obesity is inclined to drag their heels and sacrum when
getting out of bed. The increased pressure on the bowel and bladder from abdominal weight increases the risk
of stress incontinence and diaphoresis, which increases the risk of skin maceration. Obesity can also compromise
respiration due to impaired diaphragmatic movement and subsequent impaired tissue perfusion.

There is a small but growing body of research on pressure injury prevention and treatment in obese populations
that has informed general recommendations and implementations considerations throughout the guideline. The
chapter on Support Surfaces includes good practice statements and recommendations on selecting support surfaces
for individuals with obesity.

Neonates and Children

Pressure injuries are a signficant concern for the pediatric population. Recognition of the risk of pressure injuries in
neonates and children is important. A lack of awareness of the risk or a perception that pressure injuries are not of
concern to this special population can lead health profesisonals and informal caregivers to overlook the importance
of skin assessment and preventive care.>®

Pressure injury incidence rates of 0.29% to 27% have been reported in the literature.’” Pediatric pressure injury
prevalence rates reported in the international literature since 2000 range from 0.47%>® to as high as 75%,°° with the
highest prevalence reported in neonates and children with chronic illness.” For example, Habiballah et al. (2016)%°
reported that 90.9% of pressure injuries identified in a prevalence study across two pediatric hospitals were in children
in critical care wards. Pediatric individuals with medical devices are also at higher risk of pressure injuries.®

Skin in fullterm neonates generally has a well developed epidermis and statum corneum, although it is still
developing.®? Premature neonates have underveloped skin that has fewer stratum corneum layers and therefore
performs an immature barrier function and increased fragility.5%¢* Immature skin has impaired thermal properties and
increased permeability, leading to water and electrolyte imbalance.®? The skin’s protective and absorption properties
are of particular concern in gestational ages under 32 weeks. Skin may be more dry and scaly, which is generally
addressed through humidity management in the neonate intensive care setting. Immature skin places the neonate at
higher risk of skin damage from pressure and shear.52¢3 Neonates and children are also at risk of pressure injuries due
to their relatively larger skin surface area, and their larger head circumference, which increases the risk of occiput
pressure injuries.>®:60.64

Risk factors for pressure injuries specific to neonates and children, particularly those in the intensive care setting,
are discussed in the guideline chapter Risk Factors and Risk Assessment. That chapter of the guideline also discusses
assessing pressure injury risk, presenting general principles that apply to both adults and neonates and children,
as well pediatric-specific pressure injury risk assessment tools. The particular risk to neonates and younger children
presented by medical devices is discussed in the chapter Device Related Injuries.

Neonates and children are at higher risk of nutritional deficiencies due to having an increased nutritional requirement
per unit weight to meet normal growth needs, as well as having smaller appetites and dietary intake. Additionally,
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children with or at risk of a pressure injury for the most part have other severe acute or chronic comorbidities that
influence both nutritional needs and the ability to meet these needs.®® The guideline chapter Nutrition Assessment
and Treatment addresses the nutritional issues to consider in the care of neonates and young children in the context
of pressure injury prevention and treatment.

Immatural skin is also at increased risk of damage due to epidermal stripping from wound dressings or toxicity from
exposure to topical agents.®?% These risks should always be considered when managing skin care and applying products
to the skin of neonates and young children.® This context should be considered when applying the recommendations
in the guideline chapter on Wound Dressings, and those relating to prophylactic dressings discussed in the guideline
chapters, Preventive Skin Care, Device Related Injuries and Heel Pressure Injuries. Suitability of products for application
to vulnerable immature skin should also be considered when applying the recommendations in the guideline chapter
Infection and Biofilm.

Informal caregivers (e.g., parents and other family members) play a significant role in establishing care goals, care
planning and, particularly when the child is community-based, in delivering care to prevent and treat pressure injuries.
Engagement of the child’s family or legal guardian in all aspects of care is crucial. The guideline chapter addressing
patient and informal caregiver education, Quality of Life, Self-care and Education, is of particular significance to this
population group.

Individuals in Community, Aged Care and Rehabilitation Settings

Community settings refer to individuals who are being cared for within the community. The term ‘community setting’
covers a wide range of settings that vary between geographic regions. In different geographic contexts, the term
community setting can include home-based care, supported accommodation, residential aged or disability care,
general practice, palliative care units, rehabilitation care and visiting medical/nursing services.®® Much of the research
on individuals in the community includes older adults living in aged care providing various levels of clinical support,
and individuals in rehabilitation. In many of these community settings, pressure injuries are complex to prevent, assess
and treat due to the wide range of both contributing factors and demographics of individuals who may be at risk or
experience a pressure injury. Throughout the discussion in this section of the guideline, descriptions of the setting as
reported in the literature has been used.

Community-based populations identified as having a higher risk of pressure injuries include older adults,®” individuals
living with a spinal cord injury (SCI),">223%6872 and people with an intellectual or physical disability.”® Prevalence and
incidence surveys report highly varied statistics on individuals living in the community. Variations in prevalence and
incidence rates relate to the type of community-based population studied, the methods of identifying pressure
injuries (e.g., patient surveys versus clinical inspection) and the timing of surveys (e.g., screening community-based
individuals on admission to hospital versus an ad-hoc survey of community-based home care services), among other
with methodological variations. Accurate prevalence and incidence rates for pressure injuries in the community are
impossible to establish because not all cases will be known to health professionals; however, the following studies
report recent prevalence and/or incidence surveys and provide an indication of the extent of pressure injuries in
different community contexts.

In a community-based pressure injury prevalence study conducted in the UK (n = 1,680), Stevenson et. al.*® reported
0.77 per 1,000 individuals in residential homes, palliative care units, nursing homes and rehabilitation facilities had
a Category/Stage | or greater pressure injury. For individuals living in their own home, the pressure injury prevalence
rate was 0.40 per 1,000.%¢ Another study’® reported point prevalence of pressure injuries in one UK district (population
254,000). Participants were those known to aged care facilities, general practices, walk-in clinics and community
nursing services, with additional participants identified through a wound dressing scheme operating in the region.
Prevalence of any wound was 1.07 per 1,000 district residents, with pressure injuries accounting for 13% of these
wounds. In this study, 38% of identified pressure injuries were Category/Stage Ill or IV.”* In a study’ set in one
hospital in the US, pressure injury inspections were conducted for all admissions over a 12-month period (n = 44,202).
There were 1,435 (3.04%) pressure injuries identified, of which 71% were in individuals admitted from a community
dwelling (as compared to an institutional dwelling). While this provides an indication of the prevalence of pressure
injuries in that community,” only individuals requiring acute hospital care (for any reason) were included in the
survey. In Taiwan, a clinical audit of individuals receiving care in their home reported an incidence of new pressure
injuries of 14.3% during the 4-6-week follow-up period. 20.8% of the new pressure injuries were Category/Stage |
pressure injuries, 75% were Category/Stage Il pressure injuries, and 4.2% were Category/Stage 111.75 In this study,”®
individuals who were readmitted to hospital for any reason were excluded from the survey, resulting in potential
under-reporting.

One of the challengesin addressing pressure injury prevention and treatment in the community setting is understanding
the health care environment in which the person was receiving care when the pressure injury developed.””” While
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some individuals develop a pressure injury in the community setting, many others return to the community with a
pressure injury that developed in another health care setting.

When a pressure injury develops, a community-based individual could receive ongoing pressure injury assessment
and treatment in a wide range of clinical settings including wound care clinics, urgent care/emergency departments,
geriatric or rehabilitation units, home-based care and convalescence care.%®’® Regardless of where the pressure
injury is acquired, treatment of pressure injuries until complete resolution is rarely achieved in acute, emergency
or rehabilitation care, meaning individuals often receive ongoing management in their usual home environment.
Readmission to hospital is not uncommon, particularly for older adults. In one cross sectional survey (n = 1,038),%”
individuals with a pressure injury were almost three times more likely to require readmission to hospital from a
community dwelling (odds ratio [OR] 2.9, 95% Cl 1.5 to 5.7), and about 1.5 times more likely to be readmitted from a
nursing home (OR 1.6, 95% Cl 1.2 to 2.1). A significant pressure injury (or injuries) may take many months to heal in
the community; and for some individuals complete healing might never occur. A cohort trial conducted over four years
in Korea (n = 184) found that the probability of a Category/Stage | or Il pressure injury healing each month was 5.12%,
and only 10% of community-based pressure injuries completely healed within 12 months.”? A second community-
based cohort study, conducted in the UK, reported complete healing within 12 months of 69% of Category/Stage Il
pressure injuries, 41% of Category/Stage Il pressure injuries and 21% of Category/Stage IV pressure injuries, with a
mean time to healing of 5.4 months.® Transitioning between health care settings for treatment was identified in one
qualitative study (n = 12) as a time when individuals with a pressure injury feel more vulnerable and lacking control,
and concerns about continuity of care arise.””#'

Individuals at risk of or living with a pressure injury in the community face specific challenges. Access to health services
in the community is not always easy or possible and varies widely across geographic regions. In some regions a wide
range of different community-based care options are available, introducing variation in the type of care delivered and
increased transition between care services. In one UK survey, 60% of individuals requiring management of a pressure
injury had initial contact with a general practitioner, 14% initially consulted a practice nurse and 8% were managed
by another type of health professional.®® Another UK-based study reported pressure injuries being managed in aged
care, rehabilitation care, general practice, walk-in clinics, community nursing services and by individuals and their
informal caregivers, indicating the wide range of care models available in some locations.”® However, the individual’s
knowledge of available care options, local referral requirements, caseloads and appropriate transportation to a service
all influence accessibility, if local care or support services exist at all.

Use of appropriate equipment (including support surfaces and heel off-loading devices) is a major challenge. For many
individuals, access to equipment is limited due to financial cost or availability. In a mixed-methods study conducted
in the UK (n = 90),778" only 31% of participants had used the equipment they had been recommended. In interviews
(n = 12), participants reported that unsuitability to the home environment and discomfort were responsible for their
poor uptake of equipment.””#" For those individuals with a pressure injury, health professional services and wound
dressings represent another significant challenge. Being available for community-nurse visits or accessing a wound
service on a regular basis for wound management while maintaining a normal lifestyle routine can be a problem.
The financial cost of both health professional services and wound dressings is substantial, and this is met by the
patient in many geographic settings. A recent cost analysis reported a mean cost of £8,720 (UK, 2018) for treating
a pressure injury in the community, of which nursing services accounted for 80% of the costs.®’ In Canada, the total
average cost for an individual with SCl and a Category/Stage I, Ill or IV pressure injury was reported at $4,748 per
month (Canada, 2013), with 59% of costs attributed to health professional services and hospital admissions.?® While
community-based funding packages are available in some geographic regions, these are often limited to individuals
with specific medical diagnoses or care needs, and the vast majority of community-based individuals at risk of pressure
injury have no access to funding support.

Throughout the guideline, implementation considerations specific to individuals in community settings have been
provided when applicable. The Nutrition in Pressure Injury Prevention and Treatment chapter includes tools appropriate
for assessing nutritional status in community-based older individuals. The Repositioning and Early Mobilization chapter
includes implementation considerations for individuals in the community, particularly those spending prolonged time
in seated positions. The importance of weight shift and pressure relief maneuers is highlighted. These interventions
should be implemented in conjunction with selection of appropriate chairs/wheelchairs and pressure redistribution
cushions, as discussed in the Support Surfaces chapter. The Support Surfaces chapter also includes implementation
considerations when selecting beds, mattresses and cushions for use in community settings. The guideline chapter on
Quality of Life, Self-Care and Education is of particular significance to community-based individuals, as this chapter
outlines strategies to assess and promote self-care skills, which are essential for many individuals in the community who
have lower levels of contact with health professionals. The chapter discusses education needs of patient individuals,
and includes data collected from an international survey of patients and informal caregivers on their knowledge
needs. The recommendations throughout the guideline are generally of particular relevance to older adults living in
aged care settings. In most chapters of the guideline, research supporting recommendations has been undertaken in
aged care settings, particularly high level care.
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Individuals in the Operating Room

Pressure injuries frequently occur in individuals in surgical units or wards. Pressure injury incidence directly attributable
to the operating room ranges between 4% and 45%.57828 |t is generally assumed that pressure injuries that become
visible during the early postoperative period began during the intraoperative (surgical) period.®* The pressure injury
incidence data should be interpreted with some caution, as attribution related to causation can be nebulous. The time
between development of a pressure injury and the point when a pressure injury becomes visible at the skin varies
between several hours to three-to-five days.®* However, some lesions are so clearly related to restraints, devices or
posture during surgery, or occur so shortly after surgery, that there can be little doubt about the causation. Research
also shows that pressure injuries caused during surgery can be misdiagnosed as burns.® There is a need for heightened
vigilance in all care units where pressure injuries develop. The care unit discovering a pressure injury should not bear
sole responsibility for prevention or sole attribution of causation. Prior to visualization of the pressure injury at the
skin level, the duration and intensity of pressure that occurred in the prior 48 to 72 hours needs to be explored. At all
levels there is a need for transparency and understanding that facility acquired pressure injuries are a system problem
that is shared by all care units and disciplines.

During surgery, patients are immobile, positioned on a relatively hard surface, are not able to feel the pain or
discomfort caused by pressure and shearing forces, and are unable to change their position in order to relieve pressure.
The duration of immobility is generally not limited to the duration of the surgery; individuals are already immobile
during the preoperative period and often remain in the same position until their arrival in the recovery room. The
clinical circumstances surrounding the pre, intra and post-operative experience of the individual give rise to additional
pressure injury risk factors to consider in individuals undergoing surgery. As with other care delivery settings, risk
assessment tools and care bundles are being developed specifically for the operating room. The guideline chapter on
Risk Factors and Risk Assessment includes evidence-based recommendations specific to individuals in the operating
room.

Given the individual’s immobility during the operative period, consideration given to positioning, the opportunity
to reposition, the support surface and use of additional positioning aids (e.g., facial pillows) is crucial. The guideline
chapters on Repositioning and Early Mobilization and Support Surfaces include recommendations specific to individuals
in the operating room. Of particular significance to individuals in the operating room is prevention of heel pressure
injuries, and the guideline chapter Heel Pressure Injuries details pertinent evidence-based recommendations relevant
to the operating room setting.

Individuals in Transit

Individuals in transit to or between clinical care settings (e.g., in an ambulance or awaiting admission in emergency
department) are often at high risk of pressure injuries due to immobility or higher morbidity. During the time spent
being transported and awaiting admission individuals can spend extended periods of time immobilized, and this
duration frequently preceeds care in a clinical setting that is associated with high risk of pressure injuries, such as the
operating room or critical care. Research focused on the risks of pressure injuries during transporation is sparse. One
study® conducted in Sweden reported an audit of care provided in the ambulance, emergency department and ward
for 183 older adults (aged more than 70 years) requiring emergency transporation to hospital due to neurological
symptoms or a reduced general condition. Using a skin inspection protocol that was being explored in this study,
during their stay in the emergency department, 60% of individuals were identified to be at risk for pressure injuries.
Despite being admitted to the study with no pressure injury present, 8.2% of indivdiuals developed a heel pressure
injury during their time in the emergency department, after a median ambulance time of 25 minutes (median duration
of emergency department stay was not reported).® Although all these individuals had received a standard hospital
trolley in the ambulance and emergency department, this was not found to be statistically significantly related to
developing a heel pressure injury (only 1.6% of all participants received a bed rather than a trolley). In an Australian
study,®” a random sample of adults (n = 212) arriving to the emergency department by ambulance received a skin
inspection within one hour of triage. Prevalence of pressure injuries on presentation to the emergency department
was 5.2% (95% Cl 2.6% to 9.1%). The pressure injuries were primarily Category/Stage | (42.8%) and occurred most
often on the sacrum, buttock and ear. The time spent in the ambulance was statistically significantly longer for
individuals who developed a pressure injury, although the effect size was small (r =0.14, p = 0.046).%” These prevalence
studies highlight the importance of early risk identification and preventive care for vulnerable populations during
transit.

Some evidence on the advantages of initiating preventive pressure injury care earlier in the care journey is available;8°
however, this population has received minimal research focus. Following stabilization, initiating a pressure injury risk
assessment and a skin inspection is important. The Risk Factors and Risk Assessment chapter discusses risk screening,
which is important in promptly identifying individuals who require more a rapid comprehensive assessment and
preventive pressure injury care, concurrent with managing critical morbidity.8%8 The Support Surfaces chapter
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includes recommendations for individuals in transporation, including individuals who require immobilization due
to suspected spinal injury. The guideline chapter on Device Related Pressure Injuries includes recommendations on
use of immobilization devices. The Heel Pressure Injuries and Preventive Skin Care guideline chapters are also of
particular relevance to individuals in transit, as recent research supports the early implementation of preventive care,
particularly for the heels.8¢
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RISK FACTORS AND RISK ASSESSMENT

Introduction

Risk assessment is a central component of clinical practice and a necessary first step aimed at identifying individuals
who are susceptible to pressure injuries. Assessment of pressure injury risk should then inform the second step—
the development and implementation of an individualized management plan to mitigate modifiable risk factors
and prevent pressure injury development. Both modifiable and non-modifiable risk factors should be included in an
overall assessment of pressure injury risk; however, pressure injury prevention focuses on modifiable risk.

Risk assessment aims to identify individuals with characteristics that increase the probability of pressure injury
development (see Figure 4.1). Individuals who are at high risk are those characterized by multiple risk factors that
affect:

* Exposure to damaging mechanical boundary conditions (i.e., the type, magnitude, time and duration of the
mechanical load)

e The susceptibility and tolerance of the individual (i.e., mechanical properties, geometry, physiology and repair, and
transport and thermal properties of the skin and tissues).

Mechanical boundary conditions
Magnitude of mechanical load 3 Internal strains

Duration of mechanical load Stresses
Type of mechanical load (shear, pressure, friction)

S
Risk factors Pressure injury :

Susceptibility and tolerance of the individual
Mechanical properties of the tissue Damage
Geometry (morphology) of the tissue and bone | threshold
Transport and thermal properties
Physiology and repair

Figure 4.1: Factors influencing the susceptibility of an individual for developing pressure injuries (Adapted from Oomens1 by
Coleman et. al.2 and reproduced with permission)

Examples of populations potentially characterized by multiple risk factors include those who:
e Are acutely ill and/or in critical care

e Have sustained a fractured hip

e Have spinal-cord injuries (SCI)

e Have chronic neurological conditions

e Have diabetes mellitus

* Areolder

* Arein long-term care homes or community care

* Experience trauma and/or prolonged surgery.

The challenge in clinical practice is to identify individuals within clinical populations who have characteristics that
increase the probability of pressure injury development. The epidemiological literature contains many risk factors
related to pressure injury development. A rigorous methodology was used to identify the independent predictors
of pressure injury development at the individual level (i.e., not organizational factors). However, “independent”
is a statistical determination that does not imply causality. Independent factors were categorized into domains,
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analyzed for congruence with the conceptual framework and examined for plausible physiological linkages to
pressure injury development. This evidence and analysis have informed the guideline recommendations that follow.
The recommendations on risk factors are presented according to the strength of supporting evidence at three levels:

e Consider to be at risk: there is a high likelihood that the presence of this risk factor influences the individual’s

susceptibility to pressure injury.

e Consider the impact: there is a moderate likelihood that the presence of this risk factor influences the individual’s
susceptibility to pressure injury. Clinical judgment is required to determine the importance of this factor to

individuals.

¢ Consider the potential impact: there is a weak likelihood that the presence of this risk factor influences the
individual’s susceptibility to pressure injuries. Clinical judgment is required to determine the importance of this

factor to individuals.

Where there is a moderate statistical association in heterogeneous risk factor sub-domains or a lack of epidemiological
evidence, but the importance of a risk factor is supported by expert opinion and the conceptual framework, good

practice statements have been made.

Clinical questions

e What factors put individuals at risk for pressure injury development?

e What are the unique pressure injury risk factors to consider for special populations (if any)?

e What are accurate and effective methods for pressure injury risk assessment?

Risk Factors for Pressure Injuries

Literature for evidence on factors that put an individual at risk of pressure injuries used multivariable modelling to
identify independent pressure injury risk factors. Individual factors have been synthesized into categories that influence
the two key components of the conceptual framework—mechanical boundary conditions (MBC) or susceptibility and

tolerance of the individual (ST).

Table 4.1: Major risk factor categories and their influence on components of the conceptual framework

Risk factor categories

Mechanical boundary conditions

Susceptibility and tolerance of the

(MBC) individual (ST)

Activity and mobility limitations v

Skin status v
Perfusion, circulation and oxygenation factors v
Nutrition indicators v
Moisture v v
Body temperature v
Older age v v
Sensory perception limitations v

Blood markers v
General and mental health status v v
Additional risk factors for specific populations MBC ST
Individuals in the operating room v v
Critically ill individuals v v
Neonates and children v v
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Activity and Mobility Limitations as Risk Factors for Pressure Injuries in Adults

1.1: Consider individuals with limited mobility, limited activity and a high potential for friction and shear to be at
risk of pressure injuries.
(Strength of Evidence = A; Strength of Recommendation = 1 1")

Evidence Summary

Fifty prognostic studies included factors associated with immobility in a multivariable analysis of risk factors. A large
volume of evidence reported measures of mobility/activity limitations as significant in multivariable analyses, including
one high® and five moderate quality*® Level 1 studies, and one high quality,® four moderate quality'®'* and 27 low/
very low quality'#*° Level 3 studies. Overall, 76% (38/50) of the prognostic studies reported at least one measure of
mobility and activity limitation was a significant risk factor for pressure injuries.

Twelve studies (24%) were unable to establish any measure of mobility/activity as a significant risk factor, including
two high quality*'#? and one moderate quality*® Level 1 studies and nine low/very low quality **>? Level 3 studies.

The wide range of clinical settings and types of participants, selection of different risk factors for modeling and
range of assessment strategies explain the varied results between studies. Overall, a large body of evidence supports
a recommendation to consider the impact of mobility/activity/friction and shear when assessing pressure injury risk.

Implementation Considerations

e Consider mobility and activity limitations to be a necessary condition for pressure injury development (Expert
opinion).

e Risk assessment subscales for mobility,>'"%?> friction and shear,?”"353% and activity'? may be used as clinical
indicators of mobility and activity limitations (Levels T and 3).

e Consider bedfast/chairfast*'%26-32 individuals to be at pressure injury risk, especially when mobility is also impaired
and the potential for friction and shear with movement is increased”'"353¢ (Levels 1 and 3).

e Consider the requirement to assess population-specific criteria to fully evaluate the individual’s types and degree
of mobility and activity impairment (e.g., SCI) (Expert opinion).

e Consider the duration of mobility limitations on pressure injury risk. Mobility may be impaired on a temporary
basis (e.g., sedation,** surgery,3>+%8 limb fractures,® restraints, guarding with pain, etc.) or permanent basis (e.qg.,
SCl,38% other paralysis, etc.) (Levels T and 3).

e Refer to the guideline chapter on Repositioning and Early Mobilization for discussion on the use of pressure
mapping to evaluate interface pressure.

Evidence Discussion

The recommendations are underpinned by epidemiological evidence (see Table 4.2), bioengineering principles/research
and the etiological framework. Immobility descriptors emerge consistently in multivariable modeling, demonstrating
a strong statistical association between activity and mobility limitations and the development of new pressure injuries.
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Table 4.2: Summary of evidence for measures of mobility and activity as risk factors for pressure injuries

C tual
. . IR Percent studies significant in | Risk factor significant and non-significant in
Risk factor variables framework L. L.
multivariable model multivariable model
component

Mobility/activity MBC 70% (7 of 10 studies) 7 studies in which risk factors were significant in the

related activities of mode]®10:14-18

daily living (ADLs) 3 studies in which risk factors were not significant in
the mode]22048

Mobility subscale of a MBC 52.9% (9 of 17 studies) 9 studies in which risk factors were significant in the

risk assessment tool mode] 3111925
8 studies in which risk factors were not significant in
the model13,28,34-36,45,46,50

Descriptors of activity MBC 56.2% (9 of 16 studies) 9 studies in which risk factors were significant in the

(e.g., bed/chairfast, model|*1426-32

immobile) 7 studies in which risk factors were not significant in
the mode|6,7,’|8,20,44,48,49

Other factors affecting MBC 45.5% (5 of 11 studies) 5 studies in which risk factors were significant in the

mobility model512.2033,34
6 studies in which risk factors were not significant in
the mode|7,’|7,27,36,38,41

General ADLs MBC 42.8% % (3 of 7 studies) 3 studies in which risk factors were significant in the
model®'820
4 studies in which risk factors were not significant in
the mode]?27:2851

Friction and/or shear MBC 33.3% (5 of 15 studies) 5 studies in which risk factors were significant in the

subscale of a risk mode[37:11:35.36

assessment tool 10 studies in which risk factors were not significant in
the model19-23,28,34,41,45,47

Activity subscale of a MBC 11.8% (2 of 17 studies) 2 studies in which risk factors were significant in the

risk assessment tool mode]'"2>
15 studies in which risk factors were not significant in
the mode|3,’I3,19-24,34-36,41,42,45,50

Interface pressure MBC 66.6% (2 of 3 studies) 2 studies in which risk factors were significant in the
model®37
1 study in which risk factors were not significant in the
model*?

Factors affecting MBC 66.6% (4 of 6 studies) 4 studies in which risk factors were significant in the

mobility related to SCI

mode|13,38-40
2 studies in which risk factors were not significant in
the model*4°

Activity and mobility are specific components of functioning.>® Activity refers to the execution of a task or action by
an individual.®® An activity impairment refers to problems with body function or structure that leads to a reduction
or deviation in the individual’s type or frequency of activity.>® Mobility refers to the ability to change and control
one’s body position.®® A mobility impairment refers to a reduction or deviation in type of frequency of movement.
This includes moving in the bed and chair, and ability to maintain specific body positions (e.g. 30° side lying position).
In the absence of mobility and activity limitations, other risk factors should not result in a pressure injury. Clinical
indicators of limitations to activity and mobility reported in the literature include, but are not limited to:

General activities of daily living (ADL) function®'®2° (Levels 1 and 3)
Activity/mobility related ADLs®*'%'418 (Level 3)
Spinal cord classification3®® (Level 3)

Limb fracture® (Level 1)

Length of surgery**54%8 (see Recommendation 1.17) (Level 3).

In terms of the underlying conceptual framework, mobility and activity limitations directly impact upon MBC (see
Figure 4.7) and increase the individual’s exposure to pressure, shear and resulting frictional forces.
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Skin Status as a Risk Factor for Pressure Injuries

1.2: Consider individuals with a Category/Stage | pressure injury to be at risk of developing a Category/Stage Il or
greater pressure injury.
(Strength of Evidence = A; Strength of Recommendation = 1)

1.3: Consider the potential impact of an existing pressure injury of any Category/Stage on development of
additional pressure injuries.
(Strength of Evidence = C; Strength of Recommendation = 1")

1.4: Consider the potential impact of a previous pressure injury on additional pressure injury development
(Good Practice Statement)

1.5: Consider the potential impact of alterations to skin status over pressure points on pressure injury risk.
(Good Practice Statement)

1.6: Consider the potential impact of pain at pressure points on pressure injury risk.
(Good Practice Statement)

Evidence Summary

Twenty-four prognostic studies included factors associated with skin status in multivariable analysis of risk factors. Six
prognostic studies provided evidence that Category/Stage | pressure injuries are a prognostic factor for Category/Stage
Il or greater pressure injuries and no studies found this factor to be non-significant. Evidence from two high quality
Level 1 studies**®" and one high quality®? and three low quality?¢4":¢3 Level 3 studies supported the recommendation.
Odds ratio of experiencing a Category/Stage Il or greater pressure injury after experiencing a Category/Stage | pressure
injury ranged from 1.95 to 7.02.

Of eight studies which included existing pressure injury in multivariable modelling, only three report this variable
as significant, including one high quality and one moderate quality Level 1 studies,®*' and a very low quality Level 3
study.'® The remaining five studies, including one high quality Level 1 prognostic study*? and four low/very low quality
Level 3 studies,3%4464%5 did not find existing pressure injury to be a significant predictor of a new pressure injury. This
measure emerges less consistently than other measures of skin status. An existing pressure injury is de facto evidence
that the individual can develop a pressure injury. If the risk factors contributing to the initial pressure injury are still
present, the individual should be considered at risk for additional pressure injuries.

Twelve of fourteen (85.7%) prognostic studies that reported variations in skin condition as a significant variable in
multivariable modelling of pressure injury risk including three high quality Level 1 studies*“?6' and nine low/very low
Level 3 prognostic studies.6:26:3039.4650.66-68 Reported alterations in skin integrity were varied and often poorly defined
(e.g., ‘'unhealthy skin’, ‘skin type’, ‘having previous skin problems’). Only two low quality studies***’ did not find an
alteration in skin condition to be a significant risk factor.

Implementation Considerations

e Evaluate whether the risk factors and conditions contributing to an initial pressure injury have been adequately
addressed with preventive interventions. If these risk factors are still present, the individual is at risk of additional
pressure injuries®'®4! (Levels 1 and 3).
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e Re-evaluate risk factors and the adequacy of preventive measures when additional pressure injuries develop
(Expert opinion).

e Use clinical judgment to evaluate the potential clinical significance to the individual of alterations to intact skin,
including localized erythema over pressure points (Expert opinion).

e Consider individuals with a history of pressure injuries to be at risk for breakdown of scar tissue (pressure injury
recurrence) in anatomical locations with evidence of a healed Category/Stage Ill or IV pressure injury®®7° (Expert
opinion).

e Reassess skin at pressure points or other loading surfaces (including those under medical devices) if the individual
reports pain.5' Consider the recommendations included in the guideline chapter Pain Assessment and Treatment
when assessing and managing pain at pressure points (Expert opinion).

Evidence Discussion

The literature identifies that skin/pressure injury status emerges consistently in multivariable modeling and
demonstrates a strong statistical association with the development of new pressure injuries where there is an existing
Category/Stage | pressure injury (see Table 4.3). There is a weak statistical association between the presence of a
previous pressure injury and only one study®' has explored the association between localized skin pain and pressure
injuries. Both risk factors require additional research exploration, but are considered clinically important; therefore,
a good practice statement has been made. In terms of the underlying conceptual framework, skin status is associated
with the susceptibility and tolerance of the skin, indicating that physiology and repair and transport properties of the
skin have been disrupted. Skin status is a specific risk factor relevant to neonate populations (see Recommendation
1.19).

There is a strong statistical association between various descriptors and pressure injury development (e.g., mottled
skin, dry skin, alterations to intact skin, skin quality and previous skin problems). However, the reported outcome
measures were varied and poorly defined. Measures of skin status included alterations to intact skin, variations to
skin condition, skin type, skin quality, having previous skin problems, skin redness, sub-epidermal moisture, dry skin
and mottled skin. For many of the descriptors of variation in skin status the physiological mechanism through which
pressure injury risk is increased is unclear; therefore, a good practice statement is made regarding the impact of
variations in skin status on pressure injury risk.

Table 4.3: Summary of evidence for measures of skin status as risk factors for pressure injuries

Conceptual
. . P Percent studies significant in | Risk factor significant and non-significant in
Risk factor variables framework L. L.
multivariable model multivariable model
component

Existing Category/ ST 100% (6 of 6 studies) 6 studies in which risk factors were significant in the

Stage | pressure injury mode|26:42:47.61-63

Existing pressure injury ST 37.5% (3 of 8 studies) 3 studies in which risk factors were significant in the

of any Category/Stage mode|&1841
5 studies in which risk factors were not significant in
the mode|36,42,44,64,65

Alterations in skin ST 85.7% (12 of 14 studies) 12 studies in which risk factors were significant in the

status mode]16:26.30,39,41,42,46,50,61,66-68
2 studies in which risk factors were not significant in
the model347

Previous pressure ST 33.3% (1 of 3 studies) 1 study in which risk factors were significant in the

injury model”®
2 studies in which risk factors were not significant in
the model?63°

Skin pain ST 100% (1 of 1 study) 1 study in which risk factors were significant in the
model®
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Perfusion, Circulation and Oxygenation as Risk Factors for Pressure Injuries

1.7: Consider the impact of diabetes mellitus on the risk of pressure injuries.
(Strength of Evidence = A; Strength of Recommendation = 1 1")

1.8: Consider the impact of perfusion and circulation deficits on the risk of pressure injuries.
(Strength of Evidence = B1; Strength of Recommendation = 4")

1.9: Consider the potential impact of oxygenation deficits on the risk of pressure injuries.
(Strength of Evidence = C; Strength of Recommendation = 1*)

Evidence Summary

Overall 49 prognostic studies reported a risk factor relating to perfusion, circulation and oxygenation as a significant
risk factor for pressure injuries in multivariable modelling. Eight of nineteen (42%) prognostic studies reported a
diagnosis of diabetes mellitus was a significant risk factor for pressure injuries including two high quality Level 1
studies,**”! one high quality Level 3 study® and three moderate’®'>>” and two low/very low’?7* quality Level 3 studies.
Eleven studies reported the diabetes variable as non-significant in multivariable modelling including one high quality
Level 1 study®' and ten low/very low quality Level 3 studies.>27:3435486567.74-76

Of 34 prognostic studies which included a perfusion/circulation variable in multivariable modelling, 22 (64.7%)
reported one or more perfusion and circulation variables as significant including three moderate quality Level 1
studies.*®’” and 19 low quality?7-29.32-3437.50.51,58,63,64,67.72.73,76.7880 | aye| 3 studies. Twelve prognostic studies reported no
variables of perfusion and circulation to be significant in multivariable analyses including one high quality Level 1
study,*' three moderate quality Level 3 studies' 28" and eight low/very low quality Level 3 studies.?0:22.31:36:48:49,82.83

Of 12 prognostic studies that included an oxygenation variable in multivariable modelling, six of the studies?0.737478:80.84
reported that a measure of oxygenation was significant. All these six studies were Level 3 low/very low prognostic
studies.207374788084 The other studies, including a moderate quality Level 1 study* and five moderate and low/very low
Level 3 studies, 23384067 reported an oxygenation variable to be non-significant. The outcome measures varied, with
some representing more long term oxygenation impairment and others representing short and medium term deficits,
and studies demonstrating significance tended to have larger sample sizes.

Implementation Considerations

e Consider diabetic individuals with associated macro- or microvascular disease to be at risk. Both sensory perception
deficits (e.g., peripheral neuropathy) and perfusion deficits associated with diabetes can increase risk of pressure
injuries (Expert opinion).

e Consider the relevance of medical history of vascular disease (e.g., cerebrovascular accident, cardiac disease, vascular
disease and/or peripheral vascular disease)*?’:2834737678 or respiratory disease®® when assessing an individual's
pressure injury risk (Level 1T and 3).

e Use clinical judgment to determine the relevance measures of circulatory status (e.g. skin circulation, pulse pressure
and ankle or toe brachial pressure index and blood pressure)??32345051.58,636467.77-80 {5 assessing the individual's
pressure injury risk (Level 3)

e Consider the impact of peripheral vascular disease when assessing skin on the heels (see the guideline chapter Heel
Pressure Injuries).

e Use clinical judgment to assess the impact of cigarette smoking®3”72 with vasoconstrictive effects of nicotine on the
individual's pressure injury risk (Level 1 and 3)

e Use clinical judgment to assess the impact on the individual’s pressure injury risk of edema® with changes in
interstitial transmural pressure that affect tissue perfusion (Level 3)

e Use clinical judgment to assess the impact of mechanical ventilation’>747884 and oxygen use?® on pressure injury
risk (Level 3).
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Evidence Discussion

The literature identifies that perfusion and circulation status, and most particularly a diagnosis of diabetes mellitus,
emerge as risk factors in epidemiological studies on pressure injury risk. High quality studies demonstrate a strong
statistical association between diabetes and the development of new pressure injuries (Levels T and 3). It is likely that
diabetes is a surrogate indicator of the presence of circulatory disease affecting perfusion (i.e., impacts susceptibility
and tolerance of the skin). Presence of neuropathy affects exposure to adverse mechanical boundary conditions. Both
aspects require consideration in risk assessment.

Moderate and low quality studies demonstrate a moderate statistical association between perfusion and circulation
status and the development of new pressure injuries (see Table 4.4). However, translation into practice, (i.e., how tissue
perfusion and oxygenation can be assessed) is complicated by the wide range of direct and indirect outcome measures
examined by researchers. Given the large number of potential measures of perfusion and circulation status, clinical
judgment is required when assessing risk associated with factors affecting central (e.g., cerebrovascular accident,
cardiac disease, blood pressure, etc.) and peripheral circulation (e.g., peripheral vascular/arterial disease).

Moderate and low quality studies demonstrate a weak statistical association between surrogate measures of
oxygenation and pressure injury development. The surrogate measures did not include precise measurement of
oxygenation status and may be confounded with other key risk factors, including activity/mobility limitations and
illness severity.

In terms of the underlying conceptual framework (see Figure 4.1), perfusion, circulation and oxygenation factors
are associated with the susceptibility and tolerance of the skin, with consideration given to the potential impact
upon individual physiology and repair; and transport and thermal properties. In the context of poor perfusion (e.g.
peripheral vascular disease), some tissue may already be injured as a result of hypoperfusion, rendering the tissue
more susceptible to the injurious effects of pressure.

Perfusion and oxygenation specific risk factors are also particularly relevant to critically ill individuals (see
Recommendation 1.18) and neonates and children (see Recommendation 1.19).

Table 4.4: Summary of evidence for measures of perfusion, circulation and oxygenation as risk factors for pressure injuries

Conceptual
. . P Percent studies significant in | Risk factor significant and non-significant in
Risk factor variables framework . L.
multivariable model multivariable model
component
Diabetes ST 42.0% (8 of 19 studies) 8 studies in which risk factors were significant in the

mode]|?10.12,42,57,71-73

11 studies in which risk factors were not significant
in the modeI15,27,34,35,48,61,65,67,74—76

Vascular disease ST 46.6% (7 of 15 studies) 7 studies in which risk factors were significant in the
mode|4,27,28,34,73,76,78

8 studies in which risk factors were not significant in
the mode|1‘I,12,31,36,48,49,64,81

Alterations to blood ST 57.9% (11 of 19 studies) 11 studies in which risk factors were significant in
pressure the modeI33,34,50,51,58,63,64,77—80

8 studies in which risk factors were not significant in
the mode|22,32,37,48,49,51,73,83

Circulation (e.g. skin ST 37.5% (3 of 8 studies) 3 studies in which risk factors were significant in the

circulation, pulse pressure, mode|?%3267

ankle-brachial pulse index, 5 studies in which risk factors were not significant

etc.) in the model36:41.64.76,78

Smoking ST 50% (3 of 6 studies) 3 studies in which risk factors were significant in the
mode|837.72

3 studies in which risk factors were not significant
in the model4&76:82
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Conceptual
Risk factor variables framework
component

Percent studies significant in | Risk factor significant and non-significant in
multivariable model multivariable model

Edema ST 25% (1 of 4 studies) 1 study in which risk factors were significant in the
model®’

3 studies in which risk factors were not significant
in the mode|*2048

Mechanical ventilation ST 50% (4 of 8 studies) 4 studies in which risk factors were significant in the
mode|73,74,78,84

4 studies in which risk factors were not significant
in the mode|*31:40.67

Oxygen use ST 100% (1 of 1 study) 1 study in which risk factors were significant in the
model?®

Respiratory disease ST 25% (1 of 4 studies) 1 study in which risk factors were significant in the
model?°

3 studies in which risk factors were not significant
in the model|'320:38

Nutrition Indicators as Risk Factors for Pressure Injuries

1.10: Consider the impact of impaired nutritional status on the risk of pressure injuries.
(Strength of Evidence = C; Strength of Recommendation = 1")

Evidence Summary

A total of 50 prognostic studies explored the relationship between one or more nutrition related variable and pressure
injury development. In only 20 (40%) studies including three of high quality (Level 1 and 3),%627" three of moderate
quality (Level 1 and 3),5°777 and 14 of low/very low quality (all Level 3)?22527.46:49.50,53,63,79.83,8587 \y 35 g nutritional variable
reported as a significant predictor in multivariable modelling. In 30 studies no measure of nutrition was found to be a
significant risk factor. This included three high*4'%2 and one moderate’ Level 1 studies and one moderate' and 25 low/
very low9-21:23.24.28,32-36,39,44,45,47,48,51,54,58,67,76.82.84.88.89 | eye| 3 studies. There are several limitations associated with measures
used to estimate nutritional status and study quality.

Implementation Considerations

* The guideline chapter Nutrition in Pressure Injury Prevention and Treatment includes comprehensive discussion on
strategies for assessing nutritional status.

Evidence Discussion

Indicators of nutritional deficits considered in multivariable models included a range of descriptors, scales and
tools (see Table 4.5). The literature demonstrates a moderate statistical association between nutritional status and
the development of new pressure injuries. However, translation into practice is complicated by the large range of
descriptors used, some of which have stronger physiological links to pressure injury development than others. The
insufficient numbers of participants with extremes of weight or body mass index (BMI) in the study populations, and
variations in the quality of the evidence also contribute to inconsistencies in the evidence.

In terms of the underlying conceptual framework (see Figure 4.1), nutritional deficits are associated with, and may
impact upon all four components of the susceptibility and tolerance of the skin, including mechanical properties of
the tissue; the geometry (morphology) of the tissues; physiology and repair; and transport and thermal properties.
In patients characterized by extremes of weight/BMI this may also affect exposure to adverse mechanical boundary
conditions.
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Table 4.5: Summary of evidence for measures of nutritional status as a risk factor for pressure injury development

C tual
. . el Percent studies significant in | Risk factor significant and non-significant in
Risk factor variables | framework L. L.
multivariable model multivariable model
component
Food intake ST 46.6% (7 of 15 studies) 7 studies in which risk factors were significant in the
mode|5,9,25,27,77,83,85
8 studies in which risk factors were not significant in
the model7,20,23,28,41,53,67,86
Malnutrition ST 33.3% (1 of 3 studies) 1 study in which risk factors were significant in the
model®?
2 studies in which risk factors were not significant in
the model®>
Arm measurements ST 33.3% (1 of 3 studies) 1 study in which risk factors were significant in the
(skin fold model*°
thickness and arm 2 studies in which risk factors were not significant in
circumference) the mode]|?58¢
Weight ST 20.7% (4 of 13 studies) 4 studies in which risk factors were significant in the

mode|22,26,63,79

9 studies in which risk factors were not significant in
the mode|21,23,32,33,67,77,84,88,89

BMI ST 23.5% (4 of 17 studies) 4 studies in which risk factors were significant in the
mode|49,53,57,71

13 studies in which risk factors were not significant in
the mode|9,‘l1,22,34,35,41,44,58,67,76,82,83,86

Nutrition assessment | ST 6.3% (1 of 16 studies) 1 study in which risk factors were significant in the
scales model®

15 studies in which risk factors were not significant in
the mode|3,‘|1,19,21-24,34-36,41,42,45,47,50

Other measures of ST 22.2% (2 of 9 studies) 2 studies in which risk factors were significant in the
nutrition status model*6:87

7 studies in which risk factors were not significant in
the mode|23,39,44,51,67,88,89

Moisture as a Risk Factor for Pressure Injuries

1.11: Consider the potential impact of moist skin on the risk of pressure injuries.
(Strength of Evidence = C; Strength of Recommendation = 4*)

Evidence Summary

Of a total of 33 prognostic studies that included one or more measure of moisture in a multivariable analysis of
pressure injury risk factors, 18 studies (54.5%) reported a measure of moisture as significant in multivariable analysis
including two high,*® four moderate, '35> and 12 low/very low quality '418-203437.5066,67.72 | eye| 3 studies. The reported
factors included various measures related to incontinence or catheterization, moisture and assessment on a moisture
subscale of a risk assessment tool. In 15 studies no measure of moisture was found to be significant. This included
two high quality>*' and two moderate quality®’ Level 1 studies and 11 low/very low quality studies?!23:24:26.27.32,33,45,47-49
Level 3 studies.

The conflicting findings on the prognostic value of measures of moisture could relate to the diverse range of study
participants, differences in methodology and the range of variables included in the modelling (i.e. urinary incontinence,
fecal incontinence, dual incontinence, other incontinence, urinary catheter, skin moisture and moisture subscales).

Implementation Considerations

e Assess individuals who have urinary, fecal, dual or unspecified incontinence for pressure injury risk in the presence
of mobility and activity impairments'1820.3450.6672 (] eye[ 3).
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e Risk assessment subscales for skin moisture could be used as clinical indicators of skin moisture'353¢ (Level 3).

Evidence Discussion

The literature demonstrates a moderate statistical association between excess skin moisture and the development of
new pressure injuries (see Table 4.6). It is suggested that incontinence is a likely confounding factor in populations
characterized by immobility and poor skin status. It is also likely that as well as moisture, there is a skin irritant
component to many of the factors where moisture is present. In terms of the underlying conceptual framework, (see
Figure 4.1) the presence of moisture may impact both the mechanical boundary condition (type of load) and the
susceptibility and tolerance of the skin (mechanical properties of the tissues). The coefficient of friction is shown to
be greater over moist skin.%0-

Table 4.6: Summary of evidence for measures of skin moisture as a risk factor for pressure injury development

C tual
. . ONCePRUAL | bercent studies significant in | Risk factor significant and non-significant in
Risk factor variables framework L. L.
multivariable model multivariable model
component
Dual incontinence MBC 60.0% (3 of 5 studies) 3 studies in which risk factors were significant in the
ST mode|10,20,34
2 studies in which risk factors were not significant in
the model®3¢
Skin moisture MBC 66.7% (4 of 6 studies) 4 studies in which risk factors were significant in the
ST mode|20,37,55,67
2 studies in which risk factors were not significant in
the model’3*
Moisture subscale of a MBC 38.5% (5 of 13 studies) 5 studies in which risk factors were significant in the
risk assessment tool ST mode]'"13.19.35.36
8 studies in which risk factors were not significant in
the mode|3,20,21,23,24,34,4‘|,45
Fecal incontinence MBC 30.7% (4 of 13 studies) 4 studies in which risk factors were significant in the
ST mode|9,18,66,72
9 studies in which risk factors were not significant in
the modeI6,26,32,33,35,37,48,49,62
Urinary catheter in situ MBC 40.0% (2 of 5 studies) 2 studies in which risk factors were significant in the
ST mode]'462
3 studies in which risk factors were not significant in
the model?7:47.67
Urinary incontinence MBC 14.3% (1 of 7 studies) 1 study in which risk factors were significant in the
ST model[3*
6 studies in which risk factors were not significant in
the mode|6,9,13,20,35,48
Incontinence (type MBC 100% (2 of 2 study) 2 studies in which risk factors were significant in the
unspecified) ST mode]|'#450
Body Temperature as a Risk Factor for Pressure Injuries
1.12: Consider the impact of increased body temperature on the risk of pressure injuries.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Seven of 12 studies (58.3%) reported that raised body temperature is a prognostic factor for pressure injuries in
multivariable modelling. Two moderate quality level 1 studies,®’” a moderate quality Level 3 study* and four low/
very low Level 3 studies'®374752 found body temperature to be a risk factor in multivariable modelling. The odds ratios
for higher body temperature ranged from 1.44%2 to 8.45.>> Conversely, a moderate quality Level 1 study* reported
a significant negative association between high body temperature (=38.5°C) and pressure injuries in multivariable
modelling. The remaining four studies, all low quality Level 324347685 reported body temperature as a nonsignificant
prognostic factor.
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Implementation Considerations

e Assess pressure injury risk in individuals with increased body temperature in the presence of mobility and activity
impairments®'637:47.5277 (| evels 1 and 3).

e Consider the impact of an increased body temperature on other pressure injury risk factors, for example, increased
perspiration leading to skin moisture (Expert opinion).

Evidence Discussion

The literature demonstrates a moderate statistical association between body temperature and the development of
new pressure injuries (see Table 4.7). In terms of the underlying conceptual framework, body temperature may impact
upon the susceptibility and tolerance of the skin by affecting physiology and repair; and transport and thermal
properties.

Table 4.7: Summary of evidence for increased body temperature as a risk factor for pressure injury development

Conceptual
. . . Percent studies significant in | Risk factor significant and non-significant in
Risk factor variables framework L. L.
multivariable model multivariable model
component
Increased body ST 58.3% (7 of 12 studies) 7 studies in which higher body temperature was
temperature significant in the mode|®16.18:37.44.47.77

1 study in which higher body temperature significantly
reduced risk*

4 studies in which risk factors were not significant in
the mode|24,34,76,85

Older Age as a Risk Factor for Pressure Injuries

1.13: Consider the potential impact of older age on the risk of pressure injuries.
(Strength of Evidence = C; Strength of Recommendation = 1")

Evidence Summary

In total, 51 prognostic studies included age as a factor in multivariable analyses. Of these, 19 studies (37.3%) reported
that increasing age was a significant prognostic factor for pressure injuries. Studies that reported a significant
relationship included four high quality Level 1 studies,?>*?7"*3 and one moderate quality Level 1 study.”” Two moderate'®®*
and 12 low/very low studies'42231:3572.73,83,8486,87,959 sy pported the findings.

Conversely, one low quality Level 3 study3* reported a significant negative association between increased age and
pressure injuries in multivariable models. The remaining 31 studies reported age as a non-significant factor including
one was a high quality Level 1 study* and two were moderate quality Level 1 studies.®*” and one high quality,® two
moderate quality,’"%” and 25 low/very low quality.51520:21:23.26,27.32,36,40,49,58,63,64,67.74,76,79,82.85,88,89.97-99 | ave| 3 studies. The studies
used either categorical or continuous measures of age and were conducted in a range of different populations.

Evidence Discussion

The literature demonstrates a weak statistical association between advanced age and the development of new pressure
injuries (see Table 4.8). It is suggested that age is a confounding factor and a general indicator of likely deficits in
the main areas of risk including mobility/activity; skin status; perfusion, circulation and oxygenation; nutrition; and
skin moisture. Therefore, in terms of the underlying conceptual framework (see Figure 4.1), at an individual level age
may impact upon both the mechanical boundary conditions and all four components of susceptibility and tolerance
of the skin: mechanical properties of the tissue; the geometry (morphology) of the tissue; physiology and repair; and
transport and thermal properties.

49



CLINICAL PRACTICE GUIDELINE 4 RISK FACTORS AND RISK ASSESSMENT

Table 4.8: Summary of evidence for measures of older age as a risk factor for pressure injury development

. Conceptual Percent studies
Risk factor L . . T A n s
variables framework significant in Risk factor significant and non-significant in multivariable model
component multivariable model
Older age MBC 39.2% (20 of 51 studies) | 20 studies in which risk factors were significant in the
ST mode|3,10,14,22,31,34,35,42,71-73,77,83,84,86,87,93-96
31 studies in which risk factors were not significant in the
mode|6,7,9,11,15,20,21,23,26,27,32,36,40,41,44,49,57,58,63,64,67,74,76,79,82,85,88,89,97-99

Sensory Perception as a Risk Factor for Pressure Injuries

1.14: Consider the potential impact of impaired sensory perception on the risk of pressure injuries.
(Strength of Evidence = C; Strength of Recommendation = 1")

Evidence Summary

Of the 12 prognostic studies that included sensory perception as a factor in multivariable analyses, only four (25%)
reported that this measure was a significant factor in the model including one high quality Level 1 study,*' and one
moderate quality’ and two low/very low quality®>#¢ Level 3 studies. The remaining eight studies consisted of a
high quality? Level 1 study and low/very low:21.23.28343645 | eye| 3 studies. All studies used the Braden Scale sensory
perception subscale to measure this variable.

Implementation Considerations

e Consider sensory perception in individuals with diagnoses associated with local sensory impairment''35414¢ or the
ability to perceive pressure-related discomfort (e.g., diabetes, SCl and peripheral arterial disease) (Levels 1 and 3).

* Consider assessing sensory perception in individuals with diagnoses associated with central sensory impairment or
the ability to respond to pressure-related discomfort (e.g., coma, sedation, anesthesia, paralysis). (Level 1 and 3).

e Consider the use of sensory perception risk assessment tool subscales for assessing sensory perception
impairment.''3541.46 (Levels 1 and 3).

Evidence Discussion

The literature demonstrates a weak statistical association between sensory perception deficits and the development
of new pressure injuries (see Table 4.9). It is likely that sensory perception deficits are confounded with other key risk
factors, including activity/mobility limitations, diabetes and illness severity, and these factors dominate in statistical
modeling. In terms of the underlying conceptual framework, sensory perception deficits affect exposure to adverse
mechanical boundary conditions.

Table 4.9: Summary of evidence for measures of sensory perception as a risk factor for pressure injury development

Risk factor variables Conceptual frame- | Percent studies significant in Risk factor significant and non-significant in multi-
work multivariable model variable model
component
Sensory perception MBC 33.3% (4 of 12 studies) 4 studies in which risk factors were significant in
subscale of the Braden the model['3541.46
Scale 8 studies in which risk factors were not significant
in the mode|3,19,21,23,28,34,36,45
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Blood Markers as a Risk Factor for Pressure Injuries

1.15: Consider the potential impact of laboratory blood test results on the risk of pressure injuries.
(Strength of Evidence = C; Strength of Recommendation = <)

Evidence Summary

Twenty-eight prognostic studies included one or more blood test variables in their multivariable model. Of these
studies, 17 (60.7%) reported a variable as significant in the model, including one high quality* and one moderate
quality® Level 1 prognostic studies and one high quality,®> one moderate quality'® and thirteen low/very low Level
3 20.25,26:32,50,51,63,65,66,72.85,86.95 nrognostic studies. The largest body of evidence relates to alobumin and hemoglobin. The
remaining 11 studies, including one moderate quality level 1 prognostic study’” and one moderate® and nine low/
very low quality 7:21:2227.29,44757683 | eyel| 3 prognostic studies did not find any variable to be important in multivariable
modelling.

Evidence Discussion

The literature demonstrates a moderate statistical association between serum albumin and hemoglobin levels and the
development of new pressure injuries (see Table 4.10). Direct interpretation and application to practice is complicated
by the availability of test results and the diversity of causes for abnormality in measures ranging from severe
malnutrition to blood loss during surgery. The impact upon the tolerance of the tissues may be multi-factorial. In
terms of the underlying conceptual framework (see Figure 4.1), blood test results may impact upon the susceptibility
and tolerance of the skin by affecting physiology and repair; and transport and thermal properties as follows:

¢ Low hemoglobin?032425051.6572859 (reduces oxygen carrying capacity of the blood and the health of tissues) (Levels
1 and 3).
* Elevated C-reactive protein® (an indicator of inflammation that may affect the health of tissues) (Level 3).

e Low serum albumin5256263668695 (creates interstitial edema that decreases transmural pressure and perfusion to
tissues) (Levels 1 and 3).

Table 4.10: Summary of evidence for hematological measures as risk factors for pressure injuries

Risk factor Conceptual Percent studies Risk factor significant and non-significant in
variables framework significant in multivariable model
component multivariable model
Lymphopenia ST 100% (2 of 2 studies) 2 studies in which risk factors were significant in the
mode]|25:5°
Albumin ST 50% (7 of 14 studies) 7 studies in which risk factors were significant in the

mode|5,25,62,63,66,86,95

7 studies in which risk factors were not significant in the
mode]1321.22,44,75,77,85

Hemoglobin (Hb) ST 56.3% (9 of 16 studies) 9 studies in which risk factors were significant in the

mode|20,32,42,50,51,65,72,85,95

7 studies in which risk factors were not significant in the
mode|29,63,75,76,83,86,94

Urea and ST 50% (2 of 4 studies) 2 studies in which risk factors were significant in the
Electrolytes (U&Es) mode|'38¢
2 studies in which risk factors were not significant in the
mode]?72°
Inflammatory ST 33.3% (1 of 3 studies) 1 study in which risk factors were significant in the
marker (C-reactive model®®
protein) 2 studies in which risk factors were not significant in the
mode]7:6¢
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General and Mental Health Status as Risk Factors for Pressure Injuries

1.16: Consider the potential impact of general and mental health status on pressure injury risk.
(Good Practice Statement)

Implementation Considerations

e Where available in clinical records consider the use of population-specific on general health assessment tools and
scores when considering the impact of the individual’s general and mental health status (e.g. American Society of
Anesthesiologists (ASA) Physical Status Classification, Risk of Mortality score, Simplified Acute Physiology Score,
Glasgow Coma Scale, Injury Severity Scale, the Acute Physiology and Chronic Health Evaluation (APACHE I1) score,
etc_)12,15.57,83,84,89,98,100 (Level 3)

* In individuals with mobility and activity limitations, consider the impact of mental health status upon sensory
perception and ability to independently reposition (Expert opinion).

Discussion

The literature demonstrates moderate statistical association between some measures of general health status and
a very weak statistical association between mental health status and pressure injury risk (see Table 4.11). Variables
considered as measures of general health status were wide-ranging and included health status scales, presence of
urinary tract or respiratory infection, having a chronic wound, number of nursing interventions, duration of hospital
stay, specific medical diagnoses (e.g., cardiac arrest, pulmonary disease, and malignancy) and taking medications
(e.g., steroids, vasopressors and sedatives). The wide range of variables used as an indicator of general health status
likely contributes to the overall conflicting findings on significance of general health status as a predictor of pressure
injuries. A good practice statement has been made because it is likely that general health and mental health status
are confounding factors and general indicators of likely deficits in the main areas of risk including mobility/activity,
skin status and perfusion, nutrition, skin moisture and sensory perception. Therefore, in terms of the underlying
conceptual framework, at an individual level, general health and mental health status may impact upon both the
mechanical boundary conditions and all four components of the susceptibility and tolerance of the skin.

Table 4.11: Summary of evidence for mental and general health status measures as risk factors for pressure injuries

Risk factor variables Conceptual Percent studies Risk factor significant and non-significant in
framework significant in multivariable model
component multivariable model
Chronic wounds ST 50% (1 of 2 studies) 1 study in which risk factors were significant in the
model*
1 study in which risk factors were not significant in the
model®?
Medication MBC 35% (7 of 20 studies) 7 studies in which risk factors were significant in the
ST mode|4,20,53,57,65,78,80

13 studies in which risk factors were not significant in
the mode|9,32,34,40,47,48,54,67,73,74,81,89

Norton Scale MBC 0% (0 of 3 studies) 3 studies in which risk factors were not significant in the
measures (general ST mode|32441

physical condition,
social activity)

Infection ST 44.4% (4 of 9 studies) 4 studies in which risk factors were significant in the
mode|12,38,40,89

5 studies in which risk factors were not significant in the
mode|28,67,73,74,84

Length of hospital MBC 28.5% (4 of 14 studies) | 4 studies in which risk factors were significant in the
stay ST mode|?244.50.64

10 studies in which risk factors were not significant in
the mode|7,36,65,78,83,84,86,87,97,98
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Risk factor variables Conceptual Percent studies Risk factor significant and non-significant in
framework significant in multivariable model
component multivariable model
Other general MBC 40% (16 of 40 studies) 16 studies in which risk factors were significant in the
health measures ST mode|?7.14.15,42,47,62,64,66,71-73,78,80,96,98

24 studies in which risk factors were not significant in
the modeI9,12,13,20,23,28,29,31,35,38,39,41,48,49,51,54,67,68,74,76,83—85,97

Other health scales | MBC 50% (5 of 10 studies) 5 studies in which risk factors were significant in the

ST mode|15,57,83,84,98

5 studies in which risk factors were not significant in the
mode|4,23,44,67,73

Mental status study | MBC 18.2% (2 of 12 studies) | 2 studies in which risk factors were significant in the
specific measures mode]'8562

10 2tudies in which risk factors were not significant in
the modeI6,9,17,20,28,35,44,48,50,51

Mental status MBC 20% (1 of 5 studies) 1 study in which risk factors were significant in the
subscale of a risk model?
assessment tool 4 studies in which risk factors were not significant in the

mode|?441.4850

Demographic Characteristics as Risk Factors for Pressure Injuries

Prognostic studies have investigated demographic factors as risk factors for pressure injuries (see Table 4.12).
The findings do not demonstrate a relationship between race and gender and pressure injury risk; therefore, no
recommendations have been made. Although prevalence data indicates the rate of pressure injuries is higher in
people with darkly pigmented skin,'"% only one of seven epidemiological studies demonstrated an increased risk
in people with darker skin tones. It is suggested that the observed increased prevalence rate may be due to delayed
detection rather than to a true increase in risk (see the guideline chapter Skin and Tissue Assessment for further
discussion). In relation to gender, there is no evidence that it is a pressure injury risk factor.

Table 4.12: Summary of evidence for demographic characteristics as risk factors for pressure injuries

Risk factor variables Percent studies significant in | Risk factor significant and non-significant in multivariable
multivariable model model

1 study identified increased 28.6% (2 of 7 studies) 2 studies in which risk factors were significant in the model®?:

risk for Caucasian skin, 1 study 5 studies in which risk factors were not significant in the

identified increased risk for dark mode|9.688283,97

skin tones

5 studies identified increased risk | 26.9% (7 of 26 studies) 7 studies in which risk factors were significant in the

for males, 2 studies identified mode|?20:29:67.70.73.95.98

increased risk for females 19 studies in which risk factors were not significant in the

mode|6,9,15,ZZ,33,40,44,48,49,64,82,83,85,86,88,93,96,97,99

Additional Risk Factors for Individuals in the Operating Room

The pressure injury risk factor domains already presented in this chapter of the guideline are relevant to all adults,
including those undergoing surgery. In addition to the previously presented domains, additional risk factors have
been identified in individuals in the operating room setting, particularly timing of surgery, duration of surgery, and
the individual’s clinical severity as determined by ASA classification.

1.17: Consider the impact of time spent immobilized before surgery, the duration of surgery and the American
Society of Anesthesiologists (ASA) Physical Status Classification on surgery-related pressure injury risk.
(Strength of Evidence = B2; Strength of Recommendation = 1*)
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Evidence Summary

Duration of time from admission to surgery

One moderate quality Level 1 study** and two moderate quality Level 3 prognostic studies'"'2 reported the duration
of time prior to surgery was a significant risk factor for development of a pressure injury following surgery. Individuals
who were immobile before surgery and had their surgical procedure delayed beyond 12 hours were 1.6 to 1.7 times
more likely to develop a pressure injury.'2 Two additional low quality cohort studies'’'% indicated that individuals
who had delayed surgery were more likely to develop a pressure injury. However, a much smaller moderate quality
Level 3 study®® found the time between an emergency department admission and having hip surgery was not a
significant risk factor.

Duration of surgery

Six low quality Level 3 prognostics studies3®>+%8 reported multivariable analyses that found the duration of surgery to
be a significant prognostic factor for development of a Category/Stage | or greater pressure injury in adults. The studies
reported that risk of developing a pressure injury was up to eight times greater for surgeries of longer duration.>®
Studies with higher odds ratio used categorical outcome of surgery over 5 or 6 hours in duration,3*>* and studies with
lower odds ratio used surgery/anesthesia length as a continuous outcome measure.>*>¢58 One additional low quality
Level 3 prognostic study>® conducted with both adults and children also found surgery duration was a significant risk
factor. Although one low quality Level 2 study’® and five moderate® and low/very quality Level 3 studies*>257> found
duration of surgery was not significant, these studies were generally smaller than those with significant findings.

American Society of Anesthesiologists (ASA) Physical Status Classification

One moderate quality Level 3 prognostic study' reported that the individual’s classification on the ASA (American
Society of Anesthesiologists) Physical Status Classification System was a significant risk factor for development of a
pressure injury following surgery. Individuals with a Classification of Il (severe systemic disease) or IV (severe systemic
disease that is a constant threat to life) on the ASA were more than four times more likely to develop a pressure injury.
A smaller, low quality Level 2 study*® found ASA Classifications of Il, Il or IV were not associated with significantly
higher pressure injury risk.

Implementation Considerations

e Surgery-specific risk factors should be considered in light of all other risk factors discussed in this guideline chapter
(Expert opinion).

e Identify individuals with planned lengthy operative times in advance to enable the use of support surfaces,
positioning devices, positioning strategies and prophylactic dressings to reduce pressure injury risk. Refer to the
relevant chapters of the guideline.

e Where possible, minimize the time of immobilization before and after surgery (Expert opinion).

Evidence Discussion

The pressure injury risk factor domains already presented in this chapter of the guideline are relevant to all adults,
including those undergoing surgery. In addition to the previously presented domains, additional risk factors have
been identified in individuals in the operating room setting (see Table 4.13), particularly timing of surgery, duration of
surgery, and the individual’s clinical severity as determined by ASA classification. In terms of the underlying conceptual
framework (see Figure 4.1), factors associated with undergoing surgery may impact upon both the mechanical
boundary conditions and all the susceptibility and tolerance of the skin.

A long duration of time spent immobilized prior to undergoing surgery is an identified additional risk factor for
individuals in the operating room. Studies on the association between delay in surgery and pressure injury risk have
been conducted in older adults with hip fractures,’? and also in mixed surgical populations admitted to intensive care
following surgery.'# (Level 3). Essentially, the duration between admission and surgery reflects the length of time
an individual has a mobility/activity limitation, which is discussed as a distinct risk factor earlier in this chapter. Using
duration of time to surgery as a measure of mobility/activity limitation is relevant for individuals in the operating
room.
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Table 4.13: Summary of evidence for factors specific to adults in the operating room

Risk factor variables Conceptual framework | Percent studies Risk factor significant and non-significant in
component significant in multivariable model
multivariable model

Time to surgery MBC 75% (3 of 4 studies) 3 studies in which risk factors were significant in the
model 11244

1 study in which risk factors were not significant in

the model**
Duration of surgery/ MBC 60% (6 of 10 studies) 6 studies in which risk factors were significant in the
anesthetic mode|39:54:55.57.58,66

4 studies in which risk factors were not significant in
the model#527576

American Society of ST 50% (1 of 2 studies) 1 study in which risk factors were significant in the

Anesthesiologists (ASA) model™

score 1 study in which risk factors were not significant in
the model“®

Other surgical factors MBC 25% (4 of 16 studies) 4 studies in which risk factors were significant in the

(e.g., anesthesia type, ST mode|?2:44:57.96

positioning, number of 12 studies in which risk factors were not significant

surgeries) in the model7.38:52,54,63,73,75,76,78,85,86,94

The longer the surgical procedure, the greater the risk of developing a pressure injury. Two prognostic studies measured
surgical duration as a continuous measure and found a statistically significant association between developing a
pressure injury and more hours on the operating table. For adults undergoing spinal surgery (n = 209) the risk of
developing a Category/Stage | or greater pressure injury was over eight times greater for operations over five hours
in duration (OR = 8.12, p = 0.005) (Level 3).3 Yoshimura et al. (2015)°° reported similar results in a prognostic study
exploring risk factors in adults (n = 277) undergoing neurosurgery. For individuals spending six hours or greater in the
operating room, the OR of developing a Category/Stage | or greater pressure injury was 8.45 (95% Cl 3.04 to 27.46 p
< 0.001) (Level 3).

Six prognostic studies (all Level 3) reported that a surgery duration over five or six hours was a risk factor for pressure
injury. The largest odds ratio (OR = 8.45, 95% Cl 3.04 to 27.46 p<0.001) was reported for surgery duration over 360
minutes/core temperature >38.1°C as a composite factor in individuals undergoing neurosurgery (n = 277).% Lin et al.
(2017)*° reported a similar result (OR 8.12, p = 0.005) for surgery duration over 300 minutes in adults undergoing spinal
surgery (n=209). Schoonhoven et al. (2002)> followed 208 individuals undergoing surgery of four hours or longer and
reported an OR of 1.0006 (95% Cl 1.0037 to 1.0087) for developing a Category/Stage Il or greater pressure injury. Chen
et al. (2013)% reported similar results (OR = 1.005, 95% Cl 1.000 to 2.022, p = 0.036) with an analysis that included
both adults and children (n = 286), as did Connor et al. (2010) >® (OR = 1.005, 95% Cl 1.000 to 1.010, p = 0.038) in an
analysis of a larger population of adults (n = 538) undergoing urology surgery. The largest study, conducted in 3,225
adults in intensive care who had undergone surgery, also reported a similar OR (1.07, 95% CI 1.03 to 1.11, p < 0.001).%”

The ASA Physical Status Classification is a measure of clinical severity. Therefore the significance of this classification
score as a predictive risk factor for pressure injuries, as reported by Rademakers et al. (2007)'? in an analysis of adults
undergoing hip fracture surgery (n = 722), is consistent with the data from other studies indicating that overall clinical
status is significant to pressure injury risk (Level 3).

Additional Risk Factors for Individuals in Critical Care

1.18: Consider the following factors to be population specific pressure injury risk factors for critically ill
individuals:
e Duration of critical care unit stay
e Mechanical ventilation
¢ Use of vasopressors
¢ Acute Physiology and Chronic Health Evaluation (APACHE Il) score.
(Good Practice Statement)
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Evidence Summary
Duration of intensive care unit admission

Length of ICU stay was included in 13 multivariable analyses. Seven prognostic (53.8% of studies) Level 3 studies of
low'7318% and very low’288981%0 quality found that a longer length of time in the ICU was a significant risk factor for
development of pressure injuries. The studies reported OR between 1.1 and 1.831. However, five low?*%54656781 and one
very low?* quality Level 3 studies found ICU duration to be non-significant.

Mechanical ventilation

Eight prognostic studies included mechanical ventilation in a multivariable analysis. Of these, four level 3 prognostic
studies’>747884 of low or very low quality reported mechanical ventilation was a significant risk factor, with odds ratio
ranging from 1.042 to 23.604. However, one moderate quality Level 1 study* and four low and very low quality Level
3 studies?467.84 found mechanical ventilation was not a significant risk factor.

Acute Physiology and Chronic Health Evaluation (APACHE II) score

Five prognostic studies*®7:8889.100 jncluded APACHE Il score as a potential risk factor for pressure injuries in a multivariable
analysis. Two of these studies, low® and very low'® Level 3 studies, found the APACHE Il score was a significant
prognostic factor, with OR ranging from 1.06 to 16.19. However, a moderate quality level 1 study* and low®” and very
low® Level 3 studies found the APACHE Il score was not a significant prognostic factor for pressure injuries in critically
ill individuals.

Vasopressor Use

Eight studies included use of vasopressors in a multivariable analysis. Of these, four Level 4 prognostic studies of
moderate®” or low/very low quality>78® reported use of vasopressors was a significant risk factor, with odds ratio
ranging from 1.33 to 4.816. However, one moderate quality Level 3 study® and three low/very low quality Level 3
studies®”73# found vasopressor use was not a significant risk factor.

Implementation Considerations

e Consider risk factors specific to individuals in critical care in light of all other risk factors discussed in this guideline
chapter (Expert opinion).

Evidence Discussion

The pressure injury risk factor domains already presented in this chapter of the guideline are relevant to all adults,
including those who are critically ill. In addition to the previously presented domains, additional risk factors have been
identified in individuals in critical care (see Table 4.14), particularly duration of intensive care (ICU) admission, being
mechanically ventilated, using vasopressors, and the individual’s clinical severity as determined by Acute Physiology
and Chronic Health Evaluation (APACHE 1) score. In terms of the underlying conceptual framework (see Figure 4.1),
risk factors specific to critically ill individuals impact both the mechanical boundary conditions and the susceptibility
and tolerance of the skin.

Table 4:14: Summary of evidence for factors specific to individuals in critical care

Risk factor Conceptual framework | Percent studies significant | Risk factor significant and non-significant in

variables component in multivariable model multivariable model

Length of ICU stay MBC 53.8% (7 of 13 studies) 7 studies in which risk factors were significant in
ST the mode|17,31,72,88,89,98,100

6 studies in which risk factors were not significant
in the mode|49,54,65,67,81,84

Mechanical ST 50% (4 of 8 studies) 4 studies in which risk factors were significant in
ventilation the model73747884

4 studies in which risk factors were not significant
in the model431.40.67

Acute Physiology MBC 40% (2 of 5 studies) 2 studies in which risk factors were significant in
and Chronic ST the mode|[810°

Health Evaluation 3 studies in which risk factors were not significant
(APACHE I1) score in the model%67.88

Vasopressors ST 50% (4 of 8 studies) 4 studies in which risk factors were significant in

the model%357.7880

4 studies in which risk factors were not significant
in the mode]67.73.81.89
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Additional Risk Factors Specific for Neonates and Children

Many of the risk factors reported throughout this chapter are likely to be relevant to neonates and children as well
as adult populations. However, there is a lack of research from high quality prognostic studies available on pressure
injury risk in neonates and children. The conceptual model presented in Figure 4.1 is relevant to all populations at risk
of pressure injury and can be assumed to reflect the etiology in neonates and children. Some prognostic studies are
available that report multivariable analyses conducted in younger populations and support recommendations specific
to neonates and children that can be considered in addition to risk factors discussed throughout this chapter.

1.19: Consider the impact of skin maturity, perfusion and oxygenation, and presence of a medical device on
pressure injury risk in neonates and children.
(Strength of Evidence = B1; Strength of Recommendation = 1)

1.20: Consider the impact of illness severity and the duration of critical care unit stay on pressure injury risk in
neonates and children.
(Strength of Evidence = B2; Strength of Recommendation = 1)

Evidence Summary

Evidence from a high quality Level 1 prognostic study'® indicated that skin texture/maturity is a risk factor for pressure
injuries in neonates. Two moderate quality studies providing Level 1'% and Level 3'"° evidence indicated that birth
weight was not a significant risk factor for either neonates'® or children."® Evidence from a moderate quality Level
1 prognostic study'® and a moderate quality Level 3 prognostic study''® demonstrated in multivariable analyses the
significance of measures of perfusion and oxygenation as a risk factor for pressure injuries in children. The outcome
measures for oxygenation and perfusion included the presence of a wide range of oxygen delivery systems, which also
increase pressure injury risk due to presence of medical devices."? Evidence from a moderate quality Level 3 prognostic
study''® demonstrated in multivariable analyses the significance of severity of iliness and duration of hospital stay as
risk factors for pressure injuries in children and neonates.

Implementation Considerations

e Risk factors specific to neonates and children should be considered in light of all other risk factors discussed in this
guideline chapter (Expert opinion).

e Consider the impact of respiratory support devices (e.g., endotracheal tube, continuous positive airway pressure
etc.) in relation to pressure injury risk factors of perfusion and oxygenation status and presence of a medical
device'® (Level 1).

¢ The Dubowitz Neonatal Maturity Assessment Scale provides a measure of skin texture/maturity in neonates.'®
(Level 1).

Evidence Discussion

In neonates, skin texture/maturity was identified as a significant pressure injury risk factor'® (Level 7). Skin maturity
is directly related to a neonate’s age. At 23 to 24 weeks gestation, the stratum cornuem is not developed, and by
30 weeks gestation it has only two to three cell layers. The skin appears as transparent, and is particularly fragile.'
Thus, the skin of younger infants provides an inadequate barrier and, as indicated in risk studies, is highly susceptible
to breakdown (Level 3). In terms of the underlying conceptual framework (see Figure 4.1), both skin texture and
measures of oxygen and perfusion are indicators of susceptibility and tolerance of the skin and reflects mechanical
properties of the tissue; the geometry (morphology) of the tissues; physiology and repair; and transport and thermal
properties.

The included studies''? used of a range of respiratory support interventions that can be considered measures of
perfusion and oxygenation in neonates and children. Presence of a medical device is arisk factor of specific consequence
to neonates and children, who may have an increased risk due to their size, weight, and skin immaturity. Further
discussion of the risks associated with medical devices is in the guideline chapter Device Related Pressure Injuries.
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Table 4.15: Summary of evidence for factors specific to neonates and children

Risk factor Conceptual framework | Percent studies significant | Risk factor significant and non-significant in
variables component in multivariable model multivariable model

Skin texture/ ST 50% (1 of 2 studies) 1 study in which risk factors were significant in the
maturity model'®

1 study in which risk factors were not significant in
the model"?

Perfusion and ST 100% (2 of 2 studies) 2 studies in which risk factors were significant in

oxygenation the mode]'09110

measures

Presence of a MBC 100% (2 of 2 studies) 2 studies in which risk factors were significant in

medical device the mode]'0911°

Severity of illness MBC 100% (1 of 1 study) 1 study in which risk factors were significant in the
ST mode]'°

Length if ICU stay MBC 100% (1 of 1 study) 1 study in which risk factors were significant in the
ST model'?

Pressure Injury Risk Screening and Assessment

1.21: Conduct a pressure injury risk screening as soon as possible after admission to the care service and
periodically thereafter to identify individuals at risk of developing pressure injuries.
(Good Practice Statement)

1.22: Conduct a full pressure injury risk assessment as guided by the screening outcome after admission and after
any change in status.
(Good Practice Statement)

1.23: Develop and implement a risk-based prevention plan for individuals identified as being at risk of developing
pressure injuries.
(Good Practice Statement)

Implementation Considerations

e A screening should be undertaken at first contact with a health professional after admission to the care service,
noting that this also includes individuals admitted to community care. (Expert opinion).

*  When conducting pressure injury risk screening, follow a structured approach that considers major risk factors
for pressure injury development in the target population and can be rapidly conducted in all individuals of this
population''? (Expert opinion).

e Forindividualsscreened as being (very likely) at pressure injury risk, undertake a full pressure injury risk assessment.'"?

A full pressure injury risk assessment should include an in-depth evaluation of major risk factors and additional
condition-specific risk factors for pressure injury development (Expert opinion).

e If the full pressure injury risk assessment confirms the ‘at risk’ status, develop an individualized prevention care
plan taking into account the risk factors identified (Expert opinion).

e Discuss risk status with the individual and recommended prevention strategies. Modify the pressure injury
prevention plan according to individual goals and preferences (Expert opinion).

* Repeat the risk assessment as often as required by the individual’s acuity. Undertake a reassessment if there is any
significant change in the individual’s condition (Expert opinion).

e Depending on the patient population and clinical setting, develop local standards and policies to address how and
by whom the risk assessment is to be conducted. Expert opinion).

e Document all risk assessments (Expert opinion).
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Discussion

Due to the burden and impact of pressure injury development on both the individual and the health service, it is
accepted practice that risk assessment should be undertaken on individuals, with the aim of identifying those who
are at potential risk, in order that individualized preventive interventions can be planned and initiated. For practical
reasons, it is recommended that a risk assessment is organized into two stages:

(i) Screening to identify individuals who are (very likely) at risk of getting a pressure injury, followed by
(ii) A full pressure injury risk assessment in those individuals screened as being (very likely) at risk.
Screening for pressure injury risk

The first step, pressure injury risk screening, aims to identify very rapidly and with a minimum of diagnostic effort, those
individuals admitted to hospital or any other care service (e.g., aged care facility, home care agency, rehabilitation
facility, etc.) who are very likely at risk of developing a pressure injury.'” Thus, the main purpose of screening is to
identify those individuals for whom a certain level of pressure injury risk cannot be ruled out instantly and for whom
a full risk assessment is required. Undertaking risk screening should help target resources to those individuals actually
in need of a full risk assessment and preventive interventions but should also safeguard that all of individuals who are
at risk are identified early and accurately detected.

The pressure injury risk screening should follow a structured and replicable approach, which considers relevant
pressure injury risk factors in the target population, local health care infrastructure and procedures, and the training
and scope of practice of health professionals in the facility. Conducting a risk assessment should be included in health
professional pressure injury education (see the guideline chapter Health Professional Education).

To satisfy the screening purposes, screening has to rely on only a few but highly predictive risk factors for pressure
injuries. The major risk factors recommended for risk assessment in this guideline chapter provide a theoretically and
empirically justified reference framework for pressure injury risk screening (see Table 4.1 and Recommendations 1.1
to 1.20). However, not all of the identified risk factors are equally predictive in all target populations. Risk factors
that are highly prevalent in a particular population of interest (e.g., older adult nursing home residents) do not
help distinguish between older individuals likely to be at risk of developing a pressure injury and those likely not at
risk. The screening should only consider those factors which have the potential to accurately identify those at risk in
the population of interest. However, it should always include risk factors such as mobility or activity limitations and
measures of impaired skin status (especially the presence of a Category/ Stage | pressure injury) that directly indicate
a currently increased and/or insufficiently tolerated exposure towards mechanical loads,''%'* and are supported by a
high level of evidence.

There are also target populations who may not require any formal screening stage because the presence of major
pressure injury risk factors is associated with their reason for admission. For example, in geriatric populations, critically
ill individuals, premature/critically ill neonates, or individuals with SCI, several major risk factors are so obviously
present and highly prevalent, that any formal screening is superfluous or can be regarded as being automatically
completed, indicating ‘at risk’ status, at admission.

As the pressure injury risk screening must be conducted rapidly, the process should rely on easily accessible information
related to the individuals’ health history and current health status, either from the individual themselves, their
relatives or informal caregivers, other health professionals or health records. For example, existing mobility and activity
limitations may be observable directly at the first contact or inferred from existing information on the individual's
needs for assistance. Information on the individual’s skin status and other major risk categories may be taken from
health records or admission papers. Furthermore, the outcome of screening is usually dichotomous (i.e., it indicates
that a risk factor of interest is (very likely) present or that risk factor is not present). Individuals should be assumed
as being (very likely) at pressure injury risk if the screening results indicate that any of the risk factors included in the
screening are (very likely) present.”* Existing mobility or activity limitations or existing pressure injuries should always
be regarded as an indication to “at risk” status.!%"4

A pressure injury risk screening should be conducted as soon as possible (i.e., at first contact with the health
professional) or at first visit in community settings. In individuals screened as having a low risk of developing a
pressure injury, the screening should be repeated as soon as the risk exposure has increased or is likely to increase due
to changes in the health condition or treatment (e.g., surgery). In individuals screened as being (very likely) at risk, a
full pressure injury risk assessment should be undertaken immediately.
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Full risk assessment, care planning, and re-assessment

A full risk assessment aims to thoroughly examine an individual’s risk exposure as indicated by the screening outcome,
resulting in either confirmation and nearer qualification of the assumed ‘at risk’ status and underlying risk factors,
or non-confirmation of this assumption. For this in-depth evaluation, all of the major risk factors recommended in
this guideline chapter (Table 4.1, Recommendations 1.1 to 1.19), as well as consideration to additional condition-
specific risk factors, e.g. risk factors for heels (see the guide chapter Heel Pressure Injuries) or risk factors associated
with devices (see the guide chapter Device Related Pressure Injuries) should be taken into account. A risk assessment
identifies both modifiable and non-modifiable pressure injury risk factors to provide an overall indication of the
individual’'s risk status. The presence and impact of each factor on the individual’s risk exposure should be evaluated
by means of deliberate, comprehensive risk assessment methods as recommended below (see Recommendation 1.23).

Once individuals are confirmed as being at risk of pressure injury development, a prevention program that aims to
minimize the impact of modifiable risk factors identified as increasing the individual’s pressure injury risk should
be developed. The rationale and measures of care should be explained to and agreed with the individual, and the
agreed plan of care should be documented. Although a risk assessment identifies both modifiable and non-modifiable
risk factors, prevention interventions only address modifiable risks. An individual’s level of pressure injury risk may
change with alterations in health status. These changes may occur over time and should be monitored regularly.
Sudden changes in the individual’s condition may result in increased risk and vulnerability to pressure damage. Health
professionals must be alert and identify changes in the level of risk, as prevention strategies may need to be modified
accordingly. If the full assessment does not confirm the ‘at risk’ assumption indicated by the screening, respective
individuals should be screened again if the risk exposure has likely increased or is going to increase due to changes in
the health conditions or treatment (e.g. surgery).

Documentation

Accurate documentation of risk assessments and prevention plans is essential. Documentation of risk assessments
ensures communication within the multidisciplinary team, provides evidence that care planning is appropriate, and
serves as a benchmark for monitoring the individual’s progress.!'>'?

1.24: When conducting a pressure injury risk assessment:
¢ Use a structured approach
¢ Include a comprehensive skin assessment
¢ Supplement use of a risk assessment tool with assessment of additional risk factors
e Interpret the assessment outcomes using clinical judgment.
(Good Practice Statement)

Implementation Considerations

* When using a risk assessment tool, select a tool that is appropriate to the population, is valid and is reliable.
(Expert opinion)

e Do not rely on a total risk assessment tool score alone as a basis for risk based prevention. Risk assessment tool
subscale scores and other risk factors should also be examined to guide risk-based planning (Expert opinion).

Discussion

As noted in the guideline chapter Skin and Tissue Assessment, a comprehensive skin assessment should be part of
every risk assessment. Skin and risk assessment are inextricably linked. As noted earlier in this chapter, there is some
epidemiological evidence that alterations in skin status, specifically the presence of an existing pressure injury, are
associated with development of new pressure injuries, making skin assessment an essential component of any risk
assessment. Additionally, pressure injury risk factors such as skin moisture and pain at pressure points can be identified
in a skin assessment. Results of a comprehensive skin assessment are also essential in developing an individualized
plan for prevention.

Structured approach

There is no universally agreed best approach for conducting a risk assessment; however, expert consensus''® suggests
that the approach be ‘structured’ in order to facilitate consideration of all relevant risk factors. This guideline
provides a summary of key considerations in a structured risk assessment. The first approach involves consideration
of characteristics of the individual that increase the probability of pressure injury development that have been
identified through a comprehensive review of current epidemiological evidence. The second involves consideration
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of risk assessment tools that incorporate many, but not all, relevant risk factors. However, regardless of how the risk
assessment is structured, clinical judgment is essential.

Clinical judgment

Regardless of the structured approach used, clinical judgment is a necessary component of any risk assessment. Clinical
judgment has been defined as an overarching concept integrating all reasoning tasks and actions performed by health
professionals to describe and assess a health condition of interest.'"® Related to pressure injury risk assessment, clinical
judgment is therefore be viewed in this guideline as the sum of cognitive actions carried out by health professionals
to interpret and synthesize information on the health status of individuals in order to derive a diagnosis about their
pressure injury risk and needs for prevention.

This reasoning may be undertaken explicitly or implicitly in clinical practice, and it usually comprises various types of
health information, irrespective of the source and the methods of data collection. Thus, it can consider information
self-reported by the individual or reported by relatives as well as the health professional’s own assessment findings
and/or that by other professionals. Likewise, it may draw on:

e Natural health metrics (e.g. body mass index, body temperature or laboratory parameters)

e Scales or scores used to quantify and qualify pressure injury risk or single risk factors (e.g., mobility, pain, nutritional
status, etc.)

e The professionals’ own observation and examination of the individual without use of any tool.

Clinical judgment is a key ability of health professionals. Clinical judgment should be rooted in up-to-date knowledge
on the subject of interest (i.e., pressure injury development), careful and repeated diagnostic inquiries using
several information sources and methods, team collaboration and constant evaluation and critical reflection of the
professionals’ performance.

Thus, clinical judgment, as understood in this guideline, is not limited to the pressure injury risk assessment. Instead,
it refers to the entirety of the health professional’s diagnostic reasoning actions carried out to interpret and integrate
available information on an individual’s pressure injury risk and is indivisibly inherent to any risk assessment task.

Risk assessment tools

As noted above, a risk assessment tool offers a structured approach to assessment but does not replace a comprehensive
assessment conducted by an appropriately qualified health professional, using a structured approach to inform the
clinical judgment. A risk assessment tool is one form of assessment on which a health professional draws when using
their clinical judgment.

The majority of the currently available risk assessment tools were developed based on literature review, expert opinion,
and/or adaptation of an existing scale. A small number of tools are underpinned by conceptual frameworks.860112.120
The three most commonly used scales — the Norton Scale© (1962),'° Waterlow Score© (1985),?' and the Braden Scale
for Predicting Pressure Sore Risk© (1987)'?2 — were developed more than 30 years ago without the insight from more
recent epidemiological studies. Additionally, numerous lesser known risk tools some of which are designed for use
in specific clinical settings and/or patient populations are available, including but not limited to, the Ramstadius Risk
Screening Tool, Suriadi and Sanada Scale,® Risk Assessment Pressure Sore Scale,’? The Modified Norton Scale,®* the
PURPOSE T,'"2 EVARUCI Scale,'?>'26 COMHON, %527 Perioperative Risk Assessment Measure for Skin (PRAMS),'? Spinal
Cord Injury Pressure Ulcer Scale (SCIPUS),'?*'3% Braden Q™' and the Cubbin-Jackson Scale.'32133

Risk assessment tools do not necessarily include assessment of all key factors that can increase the risk of pressure
injury development. Specifically, most risk assessment tools do not include an assessment of tissue perfusion or skin
status. As presented under Risk Factors for Pressure injuries (see above), epidemiological studies identify these factors
as strong indicators of pressure injury risk. It is important to consider tissue perfusion and skin status in conjunction
with an assessment conducted with a formalized risk assessment tool.

Additionally, most risk assessment tools use a simple ordinal system to score risk. They are limited in their ability to
assess any potential differences in the contribution or importance of one risk factor versus another, or to assess the
cumulative effect of two or more risk factors. In an attempt to create a simple screening tool for clinical use, the
complex interplay of individual and environmental factors has been reduced to a simple score. Therefore, clinical
judgment must be exercised to interpret these scores with consideration of the impact of other risk factors and within
the context of often-complex individual and clinical factors.

Total scores on standardized risk assessment tools (e.g., Braden Scale, Norton Scale and Waterlow Score) provide
general information on risk status and level of risk.>11:46:49.656871.77.93.134 Tota| scores on standardized risk assessment tools
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do not provide sufficient information for developing individualized risk-based prevention plans and do not assess all
relevant risk factors. Subscale scores and other risk factors should also be examined to guide risk-based planning and
more effective utilization of resources (see Selecting and Using a Risk Assessment Tool below).

Risk assessment tools versus clinical judgment

A large number of risk assessment tools have been developed to provide a structured approach for risk assessment in
practice, yet the results of studies comparing risk assessment tools to clinical judgment are mixed.

Risk assessment tools provide some advantages over clinical judgment alone. For example, they provide:
e A practical framework

e Operational definitions of risk factors that have clinical utility and can be reliably measured

* Focus on modifiable risk factors

* Subscale scores that can be used as a basis for risk-based intervention planning

e Clinical reminders (especially for novice nurses)

* A minimum auditable standard.

A meta-analysis conducted by Garcia-Fernandez et al. (2014)'* reported relatively poor pooled predictive capacity
indicators for clinical judgment alone as measured by relative risk. For clinical judgment, relative risk was 1.95 (95%
confidence interval [CI] 0.94 to 4.04). In comparison the relative risk for risk assessment tools ranged between relative
risk of 2.66 to 8.63 (see Table 4.18). When 1.0 (null value, i.e. equal odds) is included in the confidence interval (see
clinical judgment results), results are considered less than conclusive. In this review, the definition and description of
clinical judgment is lacking, and the process used for risk assessment that did not include a risk assessment tool is not
precisely clear.

Moore and Patton (2019)'3¢ conducted a systematic review to determine if using structured systematic pressure injury
risk assessment tools reduced the incidence of pressure injuries. Finding only two studies meeting their inclusion
criteria,®” '3 they concluded that the low, or very low certainty of evidence available from the included studies is
not sufficiently reliable to suggest that the use of structured and systematic pressure injury risk assessment tools
reduces the incidence, or severity of pressure injuries. As previously discussed, an assessment tool alone cannot reduce
the incidence of pressure injuries; use of the risk assessment tool to develop and implement risk-based preventive
interventions is an essential step in achieving a positive outcome. In this review, clinical judgment was considered to
be a health professional’s judgment made with no aid of a risk assessment tool, which differs from the definition of
clinical judgment used throughout this clinical guideline.

One of the trials included in the above review was a large, blinded randomized controlled trial (RCT) conducted
by Webster et al. (2011)%” that compared use of a Waterlow Score (n = 410), the Ramstadius tool (n = 411) and risk
assessment based on the nurse’s clinical judgment (n = 410) for reducing pressure injury occurrence in participants
located in medical and oncology wards. Based on the data from the study by Webster et al. (2011),%” Moore and Patton
(2019)3¢ determined that risk assessment using the Waterlow Score may make little or no difference to pressure injury
incidence, or to pressure injury severity, when compared to risk assessment using clinical judgment alone (pressure
injuries of all stages: RR 1.10, 95% Cl 0.68 to 1.81; 821 participants), or risk assessment using the Ramstadius tool
(pressure injuries of all stages: RR 1.41, 95% Cl 0.83 to 2.39; 821 participants). Similarly, risk assessment using the
Ramstadius tool may make little or no difference to pressure injury incidence, or to pressure injury severity, when
compared to risk assessment using clinical judgment (pressure injuries of all stages: RR 0.79, 95% Cl 0.46 to 1.35;
820 participants). Moore and Patton (2019)'3¢ assessed the certainty of this evidence as low due to methodological
limitations and lack of precision (Level 7).

In the second of the trials reported in the systematic review3¢, Saleh et al. (2009)'*” conducted a cluster RCT in a military
hospital. Participants were at risk of pressure injuries (Braden Scale score < 18). The trial, which had three groups,
compared the use of the Braden Scale (group A; n = 74); risk assessment based on clinical judgment of a nurse who
had received education on the Braden Scale (group B; n = 76) and clinical judgment without accompanying education
(group C; n = 74). Based on the result of this study, Moore and Patton (2019)'*® concluded that it was uncertain
whether use of the Braden Scale makes any difference to pressure injury incidence, compared to risk assessment using
clinical judgment and training (risk ratio (RR) 0.97, 95% confidence interval (Cl) 0.53 to 1.77; 150 participants), or
compared to risk assessment using clinical judgment alone (RR 1.43, 95% Cl 0.77 to 2.68; 180 participants). However,
this study was also considered to provide very low certainty of the evidence due to methodological limitations and
lack of precision'® (Level 7).

An additional clinical trial designed primarily to assess the effectiveness of different repositioning regimens reported
on different strategies to assess pressure injury risk. Participants (n = 1,772) were assessed using the Norton Scale,
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the Braden Scale and by nurses using their own clinical judgment.*’ Sensitivity of clinical judgment was 25% to 28%
lower than assessment using the risk assessment tools. However, specificity was 20% to 30% higher with clinical
judgment. Fewer individuals who developed a pressure injury were identified as being at risk when clinical judgment
was used, but of those individuals identified at risk, more actually developed a pressure injury. The two risk assessment
tools were essentially equivalent in predicting development of pressure injuries. Education background and clinical
experience of the nurses participating in the study were not reported (Level 7).

There are limitations to the current research that prevent a clear comparison between risk assessment tools and
clinical judgment alone.'* In the majority of studies investigating risk assessment strategies, preventive interventions
are initiated on the basis of the risk assessment. These interventions will impact upon pressure injury incidence,
confounding the evaluation of the risk assessment strategy. Defloor et al. (2005)'*® highlight that development of a
pressure injury in an individual assessed as being at risk is primarily an indication that preventive management was
insufficient, rather than an indication that the risk assessment strategy was reliable. In the studies conducted by
Saleh et al. (2009)'*” and Defloor et al. (2005)'38, there was non-equivalent use of pressure injury prevention strategies
between individuals identified at risk and not at risk (in particular, the types of support surfaces used) and this
confounded the findings. In the study conducted by Webster et al. (2011)%7, non-significant differences in pressure
injury prevention interventions initiated following the risk assessment is reported.

Selecting and Using a Risk Assessment Tool

Most risk assessment tools incorporate many of the risk factors discussed above (e.g., activity, mobility, nutrition,
moisture, sensory perception, friction and shear, and general health condition). However, the volume of epidemiological
research has increased considerably in recent years, providing for a better understanding of the risk factors important
in the development of pressure injuries. Many risk assessment tools do not incorporate these advances in knowledge.

Total Braden Scale scores*6:49.6568.71.73,7577.8293 (| eyels 1 and 3) Norton Scale scores>'® (Levels 1 and 3), Waterlow Score>’
(Level 3) and scores on the Cubbin-Jackson Scale’ (Level 3) have emerged as statistically significant factors in some
multivariable models (see Table 4.76). Pressure injury incidence progressively increased with increasing level of risk
based on Braden Scale total scores in a number of studies.'"'3* However, in other Level 1 and 3 studies commonly
used risk assessment tools were not significant in predicting the development of a pressure injury. Total scores may
not always emerge as significant factors in multivariable models; however, the subscale scores identifying specific risk
factors (e.g., mobility, activity, moisture etc.) have provided support for analysis of individual risk factors, as previously
discussed in this chapter.

As discussed, appropriate application of arisk tool requires the findings to inform the development and implementation
of a risk prevention plan, and this likely influences the results of multivariable modelling. Other factors, including the
knowledge and experience of the health professional using the tool, may also contribute to the mixed findings on
significance of risk assessment tools in predicting pressure injuries.

Table 4.16: Summary of evidence for risk assessment tools

Risk factor variables Percent studies significant in Risk factor significant and non-significant in multivariable
multivariable model model
Braden Scale score 39% (11 of 28 studies) 11 studies in which risk factors were significant in the

mode|49,57,65,68,71,73,75,77,82,93,97

17 studies in which risk factors were not significant in the
mode|11,19—21,23,31,36,39,47,48,58,78,81,86,89,98,99

Norton Scale score 66.6% (2 of 3 studies) 2 studies in which risk factors were significant in the
mode]>1%
1 study in which risk factors were not significant in the
model%®

Waterlow Score 33.3% (1 of 3 studies) 1 study in which risk factors were significant in the
model*

2 studies in which risk factors were not significant in the

mode]7:¢7

Cubbin-Jackson Scale score  100% (1 of 1 study) 1 study in which risk factors were significant in the
model”

Other risk scale scores 83.3% % (5 of 6 studies) 4 studies in which risk factors were significant in the

mode|5,50,53,88
1 study in which risk factors were not significant in the
model??
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When using a risk assessment tool, also consider the risk factors not measured by the tool. For example, the Braden
Scale subscale scores address risk factors related to mobility, activity, friction and shear, nutrition, moisture and
sensory perception. Many facilities use the subscale scores to identify modifiable risk factors as a basis for risk-based
prevention planning. However, a comprehensive risk assessment should also include risk factors (both modifiable
and non-modifiable) that are not represented in risk assessment tool. In the case of the Braden Scale, this would also
include consideration of skin status, diabetes, perfusion and oxygenation, increased body temperature, advanced age,
relevant laboratory blood tests and general health status.”® Table 4.17 compares risk factors supported by current
epidemiological studies (as presented above under Risk Factors for Pressure Injuries) with the risk factors that are
included on commonly used risk assessment tools and those for specific populations. The Table identifies gaps in the
risk assessment that health professionals should be aware of when using these risk tools, indicating factors that should
be considered in a risk assessment in addition to those included on the tool.

Psychometric Properties of Risk Assessment Tools
Reliability

Reliability refers to the consistency and reproducibility of scores when performed by different reviewers. Reliability is
widely regarded as a necessary condition for validity. There are a large number of studies that specifically address the
interrater reliability of risk assessment tools and reports of early tool development usually contain some measure of
reliability. Reported measures typically are a kappa value or intraclass correlation coefficient. There are generally high
levels of reliability in terms of total scores for the Modified Norton Scale (intraclass correlation coefficient [ICC] = 0.821,
95% Cl 0.715 to 0.926)'** and Braden Scale (ICC range = 0.72 to 0.95).'40"% Interrater reliability for the Waterlow Score
was reported as 0.36 (95% Cl 0.09 to 0.63) in one study.’ Interrater reliability for subscale scores varied depending
on the subscale and the clarity of the operational definition.’24'4-14 Ongoing education and competency testing for
health professionals administering risk assessment tools are important to support reliability.

Validity

Validity refers to the degree to which a tool measures what it claims to measure. Of the many types of validity (e.g.,
content, construct and criterion), ‘predictive validity’ has received the most attention in relation to risk assessment
tools. Rather than focus on the degree to which these tools accurately measure risk factors such as mobility, activity and
skin moisture, we have focused on the degree to which they predict a future event (i.e., pressure injury development).

A major problem identified in the literature*' in establishing predictive validity of risk assessment tools is that preventive
interventions are initiated in the majority of studies, and these will impact upon the performance of the tool. Studies
of predictive validity are prognostic (estimating the likelihood of a future problem) rather than diagnostic (identifying
an existing problem). Despite these constraints, most studies of predictive validity report some statistical estimates of
likelihood associated with each prognostic method. These include:

* Sensitivity

e Specificity

e Positive likelihood ratio (PLR)

¢ Negative likelihood ratio (NLR)

e Area under receiver operating characteristic (AUROC) curves (as an indication of discrimination or the best balance
between sensitivity and specificity)

e Relative risk.
Although these measures are imperfect, they provide some insight into the predictive validity of risk assessment tools,
especially when considered in light of the intervening preventive strategies. Table 4.18 summarizes the estimates from

meta-analyses''®'3 or when unavailable, the largest most recent studies, ' for commonly used risk assessment tools
and tools for specific population. Most risk assessment tools have received minimal psychometric testing.
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Table 4.18: Psychometric qualities of major risk assessment tools

4 RISK FACTORS AND RISK ASSESSMENT

Scales Sensitivity Specificity Positive Negative AUROC Relative Risk
(cut-off) Median Median likelihood ratio likelihood ratio Median (95% CI)
(range) (range) (range)

Braden 0.742 0.68° 2312 0.38° 0.77° 4.26f
(< 18)"18135 (0.33to 1) (0.34 t0 0.86) (0.55 to0 0.88) (3.27 to 5.55)
Norton 0.75¢ 0.68¢ 2.34¢ 0.37¢ 0.74¢ 3.699
(< 14)"8135 (0 to 0.89) (0.59 to 0.95) (0.56 to 0.75) (2.64 t0 5.16)
Waterlow 1.00, 0.88¢ 0.13, 0.29¢ 1.15, 0.0, 0.41¢ 0.61¢ 2.66"
(= 10)"8135 1.244 (0.54 to 0.66) (1.76 to 4.01)
Cubbin-Jackson 0.72 0.68 — — 0.763 8.63k
(< 24)135.1%5 (3.02 to 24.66)
SCIPUS 0.85m 0.38m 1.4m — 0.64™ —
(= 8)"° (0.59 to 0.70)
Braden Q 0.86° 0.597 2.09» — 0.72° —
(= 13)"%2 (0.76 to 0.96) (0.55 to 0.63) (0.95 to4.58) (0.76 to 0.78)

216 studies, n=5,462
42 studies, n=419
915 studies, n=4,935
k2 studies, n=151

b7 studies, n=4,811
¢4 studies, n=2,559

h12 studies, n=2,408
™ 1 study (n=759)

<5 studies, n=2,809
31 studies, n=7,137
j 1 study, n=829
P 1 study, n=625

Comparison of Risk Tools

The systematic comparative effectiveness review completed by Chou et al. (2013)'"® compared the ability of different
risk assessment tools in predicting pressure injury incidence. Fourteen studies that directly compared two or more risk
assessment tools in the same population were identified. Six studies®3341.15315 reported that the AUROCs within each
study were comparable. AUROCs ranged between 0.66 and 0.90 with the exception of one study'? in which AUROCs
ranged between 0.55 and 0.61 which is slightly better than chance (0.50). A high AUROC indicates that the risk
assessment tool is better able to discriminate among individuals who will and those who will not develop a pressure
injury.

Seven studies3341.153.154156-158 axamining sensitivity and specificity reported very similar findings for comparisons of tools
within the same population(s). Sensitivity and specificity vary by the cut-off score used for the tool. Most cutoff
scores are selected to optimize sensitivity and specificity; however, clinical judgment is important when considering
trade-offs between sensitivity and specificity. A higher sensitivity (but lower specificity) will facilitate identification
of more true-positive at-risk individuals but will also require greater resource utilization as both true-positive and
false-positive individuals receive preventive interventions. A higher specificity (but lower sensitivity) will facilitate
more efficient utilization of resources as those not developing pressure injuries are more clearly identified during risk
assessment; however, some individuals who may have benefited from prevention will not be identified.

The systematic review conducted by Chou et. al.® also examined whether the predictive validity of risk assessment
tools differ across clinical settings or according to individual patient characteristics. Few studies addressed these issues
and results were inconclusive.

Risk Assessment Based on Decision Support Systems

Data from electronic health records (EHRs) have been used over the past decade to identify risk factors for pressure
injury development. More recently, advances in data mining, machine learning and Bayesian networking strategies
have facilitated the analysis of multiple risk factors in thousands of patients to develop more sophisticated models for
predicting pressure injuries.'s®%> After testing and validation, these predictive models can be integrated into EHRs to
provide real-time analysis of patient-level data to screen for pressure injury risk status. Advantages of these decision
support systems include:

* Ability to analyze a greater number of risk factors
e Ability to use data already available in the EHR
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¢ Real-time analysis of risk status on admission and when the individual’s clinical condition changes

e Potentially improved discrimination of risk status in high risk populations than possible with general risk assessment
scales.1®

As with all risk assessment methods, clinical judgment is critical. Risk factors that are statistically significant in a
computer-generated model may not be clinically significant. The algorithms used in the design of such systems should
be explicit or periodically validated in the case of machine learning. There should be a plausible physiological link
between risk factors identified in the model and what is known about the etiology of pressure injuries. Consideration
should be given to how the analysis is presented to the clinician and how it integrates with clinical workflow. A
global risk score is of limited benefit. Modifiable risk factors should be identified as a basis for planning preventive
interventions.

Conclusions

Amid these discussions, one must remember that ‘prediction is not destiny’. The outcome for an at-risk individual can
often be altered by carefully selecting and consistently implementing risk-based prevention strategies. Although the
best method for identifying risk has not been determined, the available evidence presented above provides a guide
to clinical decision making.

Risk assessment tools provide a structure to guide a pressure injury risk assessment. Currently there is no single risk
assessment tool that reflects all relevant risk factors, and the true predictive validity of tools is unclear. Thus, total and
subscale scores provide limited information about risk factors. The degree of risk exposure for a specific individual
must be interpreted in light of the clinical judgment of the individual’s medical condition and history.

Having a strong understanding of relevant pressure injury risk factors is crucial to identifying individuals who are at
risk. The risk assessment must draw on various information sources and assessment methods, including standardised
measurements (when available), to capture all individually relevant risk factors. The health professional must evaluate
all the available data to make the best possible clinical judgment on those risk factors that are of significance to
the individual, and then develop an individualized pressure injury prevention plan to address those factors that are
modifiable. Addressing these factors using the evidence-based interventions outlined throughout this guideline is key
to effective pressure injury prevention.
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SKIN AND TISSUE ASSESSMENT

Introduction

Skin and soft tissue assessment is a key component of pressure injury prevention, classification, diagnosis, and
treatment. The condition of the skin and underlying tissue can serve as an indicator of early signs of pressure damage.’
Routine skin and tissue assessment provides an opportunity for early identification and treatment of skin alterations,
especially pressure injuries.

As discussed in the guideline chapter on Risk Factors and Risk Assessment, various skin alterations (e.g., dryness,
moisture, thinning or inflammation) appear to be associated with pressure injury development. Variation in skin status
weakens the skin barrier and increases susceptibility to a wide range of skin problems, including pressure injuries.
Advanced age, medications (e.g., steroids) or chronic disease (e.g., diabetes mellitus) all impact on both mechanical
boundary conditions and the susceptibility and tolerance of the individual’s skin to conditions that increase the risk of
damage. Excess moisture on the skin surface (e.g., due to increased perspiration or incontinence) also increases skin
vulnerability to damage related to skin maceration, pressure and shear forces.?

Clinical Questions

The clinical questions that guided the development of this chapter were:

e Are scale/ tools effective methods to assess the skin and soft tissue?

¢ What are effective methods of assessing erythema?

e Is ultrasound an effective method for assessing the skin and soft tissue?

e Is evaluation of skin and tissue moisture an effective method of assessing the skin and soft tissue?

¢ Is evaluation of skin and tissue temperature an effective method of assessing the skin and soft tissue?

¢ What additional technologies are accurate and effective methods of assessing skin and soft tissue?

¢ What methods are effective for assessing skin and soft tissue in individuals with darkly pigmented skin?

Conducting Skin and Tissue Assessment

2.1: Conduct a comprehensive skin and tissue assessment for all individuals at risk of pressure injuries:
e As soon as possible after admission/transfer to the healthcare service
e As a part of every risk assessment
¢ Periodically as indicated by the individual’s degree of pressure injury risk
e Prior to discharge from the care service.
(Good Practice Statement)

Implementation Considerations

e Skin inspection should be a high priority and performed as soon as possible following admission to a healthcare
service (Expert opinion).

e At the organizational level, ensure that a complete skin assessment is part of the risk assessment screening policy
in the care service (Expert opinion).

e Conduct a head-to-toe assessment with particular focus on skin overlying bony prominences, including the sacrum,
heels, hip, pubis, thighs and torso.>* Include the occiput in a head-to-toe skin assessment for neonates and young
children (Expert opinion).

e Assess the skin for signs of maceration, paying attention to skin folds, especially in individuals who have obesity
(Expert opinion).

e Inspect the skin for erythema before repositioning. Avoid positioning the individual on an area of erythema
wherever possible (Expert opinion).

e Assess the skin and soft tissues underneath medical devices as a part of routine skin assessment (Expert opinion).
See the guideline chapter on Device Related Pressure Injuries for more information about assessing skin under and
around devices
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e Assess the skin underneath prophylactic dressings (Expert opinion). See the guideline chapter on Preventive Skin
Care for more discussion.

¢ Increase the frequency of skin assessments in response to deterioration in the individual’s overall condition (Expert
opinion).

e Assess localized pain at every skin assessment. Localized pain at pressure points is a risk factor for pressure injuries.®
See the guideline chapter on Risk Factors and Risk Assessment for more discussion (Level 7).

e Document the findings of all skin assessments (Expert opinion).

Discussion

Skin and soft tissue assessment is the basis of pressure injury prevention and treatment. Skin and tissue assessment
is an essential component of any pressure injury risk assessment and should be conducted as soon as possible after
admission, as a component of a full risk assessment (see the guideline chapter on Risk Factors and Risk Assessment).
Each time the individual’s clinical condition changes, a comprehensive skin and tissue assessment should be conducted
to identify any alterations to skin characteristics or integrity, and to identify any new pressure injury risk factors. Finally,
a comprehensive skin and soft tissue assessment should be conducted on discharge, to ensure that an appropriate
pressure injury prevention and treatment plan is in place.

A comprehensive skin and soft tissue assessment consists of a head-to-toe assessment with particular focus on skin
overlying bony prominences including the sacrum, ischial tuberosities, greater trochanters and heels.5” Include the
occiput in a skin assessment for neonates and young children because their comparatively larger head circumference
places them at higher risk for occipital pressure injuries than older children and adults.®® Strategies to use when
performing the head-to-toe skin assessment are discussed throughout this chapter. Additionally, several studies also
offer some indication that pain over the site was a precursor to tissue breakdown.>'*'? Strategies for evaluating
pain are discussed in the guideline chapter Pain Assessment and Treatment. There was no evidence available on the
effectiveness of formal tools or scales to assess the skin and soft tissues.

Performing skin and tissue assessment in the individual with obesity is similar to that for standard sized individuals;
however, there are additional considerations and challenges.” Increased body weight and skin folds of the obese
individual makes it difficult to view bony prominences and the skin. The weight of the pannus (the abdominal fat and
the skin fold apron) can cause pressure injuries to develop in areas such as the sacrum, heels, hip, pubis, thighs and
torso." In obese individuals, pressure injuries may also result from tissue pressure across the buttocks and other areas
of high adipose tissue concentration, in addition to the bony prominences. Pressure injuries may develop in unique
locations, such as underneath folds of skin and in locations where tubes and other devices have been compressed
between skin folds. A particular feature of severe obesity is maceration, inflammation, and tissue/skin necrosis,
especially in large and deep skin folds. An increased tissue weight exerts additional load on dependent tissues and
causes vascular occlusion and tissue deformation. This, in conjunction with a fragile vascular and lymphatic framework
and increased diaphoresis, is responsible for additional skin and tissue complications in individuals who are obese.'*'
The combination of moisture trapped under skin folds, pressure of skin folds on the underlying skin, and friction and
shear between the skin surfaces are all factors that contribute to pressure injury formation underneath folds of skin.
Therefore, care should be made to perform inspection of the full skin surface when undertaking a comprehensive skin
and soft tissue assessment.

In addition to comprehensive skin assessment, a brief skin assessment of the pressure points should be undertaken
during repositioning. Check the pressure points on which the individual has been positioned to identify any alterations
in condition and to evaluate the effectiveness of the repositioning regimen. Presence of persistent erythema can
indicate a need to increase frequency of repositioning. Check pressure points onto which the individual will be
repositioned to ensure that the skin and tissue has fully recovered from previous loading.

A policy outlining a structured skin and tissue assessment approach relevant to the clinical setting should be
implemented at the organizational level to promote the performance of regular assessment, including as a component
of risk assessments. The policy should include the timing of assessment and reassessments and include anatomical
locations to target. Accurate documentation is essential for monitoring the progress of the individual and aiding
communication between health professionals,? and organizational policy and health professional education should
address documentation requirements.

2.2: Inspect the skin of individuals at risk of pressure injuries to identify presence of erythema.
(Strength of Evidence = A; Strength of Recommendation = 1 1")
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2.3: Differentiate blanchable from non-blanchable erythema using either finger pressure or the transparent disk
method and evaluate the extent of erythema.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Ongoing skin assessment is necessary to detect early signs of pressure injury. Evidence from three Level 1 studies, one
Level 2 study and a Level 3 study indicates that the presence of non-blanching erythema, a Category/Stage | pressure
injury is predictive of development of a Category/Stage Il or greater pressure injury.>'¢"® Evidence from three Level
3 studies?*?? indicates that the presence of reddened skin other than blanchable erythema is associated with Stage/
Category Il pressure injury development. Identifying presence of erythema alerts health professionals to the need for
further assessment and potential development of a pressure injury prevention and/or treatment plan. Identification
of erythema is a component of a skin inspection.

Evidence from a high quality Level 1 study indicates that presence of non-blanching erythema is predictive of
development of a Category/Stage Il pressure injury.>'®'® Evidence from high quality Level 2 and 3 studies indicated
that the finger pressure method has strong psychometric properties for differentiating blanching and non-blanching
erythema.?24 2> A low quality Level 4 study indicated that using the finger pressure method may be more reliable than
the transparent disk method.?

Implementation Considerations

¢ Inspection of the skin should include a visual inspection in conjuction with other skin assessment techniques such
as touch and palpation for differences in temperature and tissue consistency? (Level 2).

* Ensure adequate tangential lighting during visual inspection of the skin? (Level 2).

¢ To perform the finger pressure method, a finger is pressed on the erythema for three seconds and blanching is
assessed following removal of the finger on intact skin?2* (Levels 2 and 4).

e To perform the transparent disk method, a transparent disk is used to apply pressure equally over an area of
erythema and blanching can be observed underneath the disk during its application®?> (Levels 2 and 4).

e If there is difficulty in differentiating between a Category/Stage | pressure injury and reactive hyperemia, relieve
the pressure area for 30 minutes, then repeat the skin inspection (Expert opinion).

e Large skin areas require several measurement points (Expert opinion).
¢ Document the findings of all skin assessments (Expert opinion).

e It is not always possible to identify erythema on darkly pigmented skin (Expert opinion). Further guidance on
assessing darkly pigmented skin in which detection of erythema is more difficult is provided throughout this
chapter.

Evidence Discussion

Skin redness is known as erythema. The redness is classified as either blanchable or non-blanchable. Blanchable
erythema is visible skin redness that becomes white when light pressure is applied and reddens when pressure is
relieved. Blanchable erythema may result from normal reactive hyperemia that should disappear within several
hours, or it may result from inflammatory erythema with an intact capillary bed.?*?” Non-blanchable erythema is
visible skin redness that persists with the application of pressure. It indicates structural damage to the capillary bed/
microcirculation.

Initial and ongoing assessment of the skin is necessary to detect early signs of pressure damage. A visual assessment
for erythema is the first component of every skin inspection. Skin redness, in conjunction with tissue edema resulting
from capillary occlusion, is a response to pressure, especially over bony prominences.

Presence of non-blanchable erythema is an indication for a Category/Stage | pressure injury.?’ As discussed in the
guideline chapter Risk Factors and Risk Assessment, when a Category/Stage | pressure injury forms the individual
is at risk of developing a Category/Stage Il or greater pressure injury. Across five prognostic studies,>'*" the risk of
developing a more severe pressure injury was between three and five times’ higher once a Category/Stage | pressure
injury had been identified (odds ratio [OR] ranged from 3.1 to 7.98) (Level 1, 2 and 3 evidence).

Presence of blanchable erythema has also been identified as a predictor for development of a pressure injury. In a
large (n = 698) prognostic study in acute care, critical care and non-surgical care, presence of erythema was associated
with a more than two-fold increase in the risk of pressure injuries of Category/Stage Il or greater. However, in the same
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study, presence of hyperemic skin showed no significant associations? (Level 3). In an aged care setting, severity of
blanchable erythema was associated with an increased incidence of Category/Stage Il or greater pressure injuries,?? and
the same findings were noted for identification of erythema on individuals in acute, critical and surgical care settings?'
(both Level 3). The prognostic studies>'®?2 that reported blanchable and non-blanchable erythema as predictors were
conducted in acute care, chronic care and aged care settings, suggesting skin status influences the susceptibility and
tolerance to strains and stresses that may cause pressure injury of individuals in a wide range of clinical settings.

Therefore, identifying erythema is an imperative, so that an appropriate prevention and treatment plan can be
developed and initiated.

Assessing Erythema

Inspection of the skin should include a visual inspection in conjuction with other skin assessment techniques, performed
under good lighting conditions. A visual inspection for erythema at bony prominences should be performed when
repositioning the individual, so positioning on an area of erythema can be avoided. There are two commonly used
methods to assess erythema: 2%

e Finger pressure method — a finger is pressed on the erythema for three seconds and blanching is assessed following
removal of the finger

e Transparent disk method — a transparent disk is used to apply pressure equally over an area of erythema and
blanching can be observed underneath the disk during its application.

Vanderwee et al. (2006)% investigated the reliability of both the finger press and the transparent disk methods of
assessing erythema in a cohort of participants from an acute care geriatric ward (n = 265). Assessments were conducted
by a researcher and nurses, all of whom were provided with training at the commencement of the study. Participants
were assessed independently by a researcher and a nurse within 30 minutes of each other and using both assessment
methods. Both assessment techniques had high interrater reliability between nurses and researchers. Sensitivity and
specificity ranged based on the anatomical location being assessed, as noted in Table 5.7. The researchers noted that
the transparent disk method has some advantages over the finger press method because the level of pressure applied
to the skin is less variable between assessors, and blanching is observable immediately on application of pressure,
which increases ease of assessment in individuals with rapid vascular refill (Level 2).

Kottner et al. (2009)?° compared prevalence of Category/Stage | pressure injuries in hospitals and nursing homes using
two different identification methods. Facilities involved in the prevalence survey were randomly assigned to use either
the finger press method (n = 5,095 assessments) or to using the transparent disk method (n = 4,657 assessments). The
finger method was more likely to identify a Category/Stage | pressure injury (OR = 1.80, 95% confidence interval [CI]
1.49 to0 2.18, p < 0.001) (Level 4).

Table 5.1: Psychometric properties of techniques to assess erythema

Positive Negative
Sensitivity Specificity Predictive Predictive Interrater Reliability
Value Value
Finger 65.3% t0 73.1% 93.9% to 95.5% 75%% 95.1%2 * k¥ = 0.20 performed by independent assessors
Pressure depending on depending on with unreported qualifications?’
Method anatomical anatomical *k = 0.62 to x = 0.72 performed by nurses and
location?** location?** related to their level of experience®
Transparent  74.5%% 95.6%2 79.5%% 94.2%?2 * k =0.88 to 0. 89 performed by researchers and
Disk Method nurses and related to their qualifications?

* k= 0.68 to k = 0.76 performed by nurses and
related to their level of experience®

Using both visual identification of erythema and a physical assessment of the type of erythema is the most reliable
method by which to discriminate between blanching and non-blanching erythema. Sterner et al. (2011)?’ noted the
importance of performing a physical assessment of erythema in their study conducted with older individuals with hip
fractures (n = 78). Both a visual inspection and a finger press test of sacral skin were conducted daily for up to five
days. Interrater reliability was lower on day one for the finger press test (x = 0.44, 95% Cl 0.21 to 0.67) than for visual
inspection alone (x = 0.67, 95% Cl 0.5 to 0.82) By day five, interrater reliability for the finger press test decreased to
0.20 (95% Cl -0.06 to 0.46), while interrater reliability increased slightly for the visual inspections (x = 0.76, 95% ClI
0.61 to 0.91) (Level 3). However, type of erythema cannot be established by a visual assessment alone.
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2.4: Assess the temperature of skin and soft tissue.
(Strength of Evidence = B1; Strength of Recommendation = 1*)

Evidence Summary

Evidence from a high quality Level 1 study?® indicated that cooler temperature in the center of an area of skin
discoloration was predictive of pressure injury development. A moderate quality Level 3 study? supported this
finding. The research was primarily conducted in Caucasian women.?® The evidence on feasibility and acceptability of
implementing routine skin and soft tissue temperature assessment was mixed and evidence on resource requirements
for various methods of skin temperature measurement in different clinical settings is also lacking.

Implementation Considerations

e Consider the findings of skin and tissue assessment in the context of the individual’'s overall presentation and
pressure injury risk profile. Relative skin temperature changes over areas of inflammation can present as warmer
than surrounding skin and tissue. Relative skin temperature changes over areas of ischemia can present as colder
than surrounding skin and tissue (Expert opinion).

* Provide health professionals with education and experience in assessing skin temperature with the hand to increase
their skills in identifying small temperature differences?® (Level 2).

e Consider using an infrared thermographic imaging device?®*?® (Levels 1 and 3) or an infrared thermometer as an
adjunct to clinical examination of the skin* (Level 3).

e Health professionals should undertake appropriate education and training before using infrared thermal imaging
to monitor the temperature of skin and soft tissues (Expert opinion).

Evidence Discussion

Localized heat, edema and change in tissue consistency in relation to surrounding tissue (e.g., induration/hardness)
have all been identified as warning signs for pressure injury development.?*3! Early identification of changes in skin
and tissue color, temperature and consistency enables implementation of an appropriate prevention and treatment
plan.

Inspection, touch and palpation are the most commonly used techniques to assess temperature and turgor/consistency
of the skin and soft tissue. Palpation of the skin and soft tissues to detect changes in temperature requires skilled
examination. One study demonstrated that use of palpation and touch can detect between 1°C and 3°C differences
in temperature, with higher accuracy in trained health professionals.?? This suggests that providing education and
skills reinforcement for health professionals is important to developing and maintaining their practical skills. Rosen
et al. (2006)?® demonstrated that conducting a comprehensive assessment of skin color, texture and warmth can lead
to significant improvements in pressure injury rates in an aged care setting. In this study, health professionals were
provided education on conducting a skin assessment and identifying subtle differences in skin characteristics. The skin
assessment protocol that was initiated emphasized the use of touch to perceive skin warmth at pressure points, and
the use of adequate lighting (using a penlight) to detect changes in skin texture and color. Within 12 weeks, there was
a significant reduction in pressure injuries compared to baseline (p < 0.05) (Level 2).

More recently, objective measures of skin temperature using infrared imaging have become more accessible to
health professionals in some geographic and clinical settings. These techniques can be used as an adjunct to clinical
examination skills to assess skin temperature.

Cox et al. (2016)? investigated the prognostic value of infrared thermography in a prospective study set in skilled
nursing facilities (n = 67 participants). Discolored skin was observed for between 7 and 14 days. At 14-day follow up,
45% of discolored skin completely resolved and 32% had become an area of necrosis. Discolored skin that was cooler
in the center at the initial observation was significantly more likely to be classified as necrosis within seven days (OR
= 18.8, 95% Cl 1.04 to 342.44). This suggests that the initial infrared thermography was successful in identifying areas
of deep tissue injury? (Level 1). However, there were wide confidence intervals in this study, and the participants were
primarily Caucasian. This reduces the certainty and generalizability of the findings.

Farid et al. (2012)® reviewed records for individuals (n = 85) with intact pressure-related skin discoloration for
whom skin temperature was measured during skin assessment. All temperature assessments were conducted using a
handheld infrared thermographic device. Skin temperature was measured at both pressure-related discolored areas
and adjacent normal skin. At the time of the initial skin assessment, approximately 65% of participants had a lower
skin temperature in the pressure-related discolored skin region compared to the adjacent skin. The pressure-related
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discolored region was significantly more likely to progress to skin necrosis within seven days than in participants with
higher skin temperature in the discolored skin region (OR = 31.8, 95% CI 3.8 to 263.1, p = 0.001)?° (Level 3). The wide
confidence interval suggests that there is some uncertainty in these findings; however, the findings are consistent with
the more recent study by Cox et al. (2016) establishing that changes in skin temperature are associated with areas of
deep tissue injury.?

Judy et al. (2011)*° used an infrared thermal imaging device to evaluate skin temperature as an objective measure of
pressure injury risk. In a repeated-measures study, infrared scans of the sacrum and heels were conducted daily (n =
100 participants). Infrared imaging results were able to predict the development of 100% (n = 5) of pressure injuries
that developed during the study period using a variance of 1.5°C in skin temperature as the predictor. In comparison,
the Braden Scale score predicted 60% of pressure injuries.?® The less than ideal interrater reliability achieved in this
study (k = 0.40 to x = 0.42)3° supports the suggestion that education and ongoing experience in using infrared devices
is important to achieving accurate results (Level 3).

2.5: Assess edema and assess for change in tissue consistency in relation to surrounding tissues.
(Good Practice Statement)

2.6: Consider using a sub-epidermal moisture/edema measurement device as an adjunct to routine clinical skin
assessment.
(Strength of Evidence = B2; Strength of Recommendation = &)

Evidence Summary

Evidence from a high quality Level 2 study,®® moderate and low quality Level 3 studies***® and a moderate quality
Level 4 study® indicated that a sub-epidermal moisture (SEM) measurement can be used as a measure for tissue
edema. In a high quality Level 2 study,3 SEM measurements strongly correlated to a visual skin assessment at the
sacrum, but measures taken at the heel had a moderate to low correlations with the visual assessment. Some evidence
from moderate quality Level 3 studies®** suggested that SEM measurements are predictive of Category/Stage |
or greater pressure injuries occurring within one week. Studies showed high sensitivity and specificity, and high
interrater reliability for SEM measurements,3*4° but low quality and indirect evidence on repeat-measure reliability
was conflicting.%4° There was no evidence on the correlation between SEM measurements and palpation.

Implementation Considerations

* Provide health professionals with education and experience in assessing edema and changes in skin consistency
with the hand to increase their skills in identifying clinically significant changes®® (Level 2).

e Health professionals require training in using a device that measures SEM/edema to facilitate consistency in
measurement method over time and between users (Expert opinion).

Evidence Discussion

As previously noted, inspection and palpation of the skin are used most often to detect edema and changes to skin
texture and consistency. Ongoing education has been shown to increase clinical skills in skin assessment, leading to
reduction in pressure injury incidence?® (Level 2).

Bates-Jensen et al.?*% introduced the concept of SEM as a tissue parameter. Sub-epidermal moisture is a measure
of soft tissue edema below the skin surface. Hydration of sub-epidermal tissues is normal. However, inflammatory
processes associated with tissue damage lead to increases in SEM in soft tissues.*’ Change in SEM is therefore a marker
for inflammation and tissue damage.*'

Numerous small studies have explored the use of SEM measurement in predicting the incidence of blanchable erythema
and Category/Stage | pressure injuries, primarily in older adults. In the earliest study conducted by Bates-Jensen et
al. (2008), higher SEM measurements were established in older adults (n = 31) with skin that was visually assessed
as being damaged. Odds ratio of developing a Category/Stage | pressure injury within one week after a predictive
SEM measurement was 1.003 (95% Cl 1.000 to 1.006). Likewise, the risk of developing a Category/Stage Il pressure
injury was also statistically significantly increased (OR = 1.32) after a high SEM reading (Level 3). In a follow-up study,
SEM measurements predicted the incidence within one week of both Category/Stage | pressure injuries (OR ranged
from 2.11 to 5.31 depending on skin tone) and Category/Stage Il pressure injuries (OR ranged from 4.30 to 8.51
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depending on skin tone)** (Level 3). More recent studies conducted in older adults®*” and individuals with jaundice3®
have demonstrated that SEM readings increase by statistically significant amounts as the extent of skin damage
increases®”:38 (Level 3).

A number of studies®*4?** have reported psychometric properties of different devices for SEM measurements performed
by nurses or other trained operators at a range of anatomical locations, including the sacrum, trochanters and heels
(see Table 5.2).

There is limited information on the resource impact of using SEM to assess soft tissues. The National Institute for
Health and Care Excellence (2019)* reported the cost of one device as £5,835 (UK pound, 2019). In one study, putting
in place appropriate pressure injury prevention plans based on SEM data was estimated to save 1,420 nursing hours,
with an estimated revenue increase of £53,000 based on admissions saved.*® However, costs vary widely based on
clinical and geographic location and there is insufficient data on resource implications of using SEM measurements.

Table 5.2: Psychometric properties of different devices for SEM/edema measurements

Sensitivity Specificity Interrater Reliability
SEM/edema 100% (95% Cl 83.89% 83% (95% ClI 75.44% to ¢ |CC = 0.80 (trained operators)*
Measurements  to 100%)* 89.51%)* *r=0.86 to r=0.92 (observers with unspecified

qualifications)*

Assessing Darkly Pigmented Skin and Soft Tissue

There is evidence that Category/Stage | pressure injuries are under-detected in individuals with darkly pigmented
skin.*’ It appears that this is related to areas of redness being more difficult to see on darker skin tones.

In a large study“® conducted in 59 nursing homes (n = 1,938 participants) the rate of Category/Stage Il to IV pressure
injuries was statistically significantly higher in individuals with darker skin tones when compared to individuals with
lighter skin (0.56 versus 0.35 per person per year, p<0.001). This translated to a higher pressure injury risk for individuals
with darker skin (hazard ratio [HR] = 1.31, 95% ClI 1.02 to 1.66, p = 0.032) when controlling for other characteristics.
Other studies have also suggested this racial disparity in pressure injury incidence. Rosen et al. (2006)% reported a
baseline prevalence of pressure injuries in an aged care facility prior to introducing a preventive intervention focused
on skin assessment. The baseline prevalence of Category/Stage | to IV pressure injuries was 0.47 per 100 bed days in
individuals with dark skin tones compared to 0.28 per 100 bed days for those with light skin (p = 0.098). However,
VanGilder et al. (2008)* noted more subtleties when examining the relationship between pressure injuries and skin
tone in an international pressure injury prevalence study. As noted in other studies, individuals with darker skin tones
experienced higher rates of Category/Stage Ill and Category/Stage IV pressure injuries. However, Category/Stage |
pressure injuries were proportionately lower in individuals with dark skin tones (13%) compared with individuals who
had medium skin tones (32%) and light skin tones (38%).4

It is likely that Category/Stage | pressure injuries are under-reported in individuals of darker skin tone due to failure
to identify early differences in skin color. Delayed identification of early skin damage prolongs implementation of
preventive care, which may explain the higher incidence of more severe pressure injuries in dark skin individuals
reported in the above studies.”’”*® Astute assessment of intact skin in dark-skinned individuals is critical in reversing
this trend.

2.7: When assessing darkly pigmented skin, consider assessment of skin temperature and sub-epidermal moisture
as important adjunct assessment strategies.
(Strength of Evidence = B2; Strength of Recommendation = 1)

2.8: Evaluate the relevance of performing an objective assessment of skin tone using a color chart when
conducting a skin assessment.
(Strength of Evidence = B2; Strength of Recommendation = &)
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Evidence Summary

One small, moderate quality Level 3 study?® identified that cooler pressure injury related intact skin was more likely
to develop into skin necrosis within seven days; and darker skinned individuals had 3.8 times higher likelihood of
developing skin necrosis.? One moderate quality Level 2 study?® identified that an intervention focused on educating
health professionals in conducting a comprehensive skin assessment that included using touch to identify changes in
skin temperature was associated with a significant reduction in pressure injuries in dark skinned individuals.

There is evidence from one, small, moderate quality Level 3 study® indicating that SEM measurements are able to
identify tissue edema one week prior to pressure injury development in individuals with dark skin tone. No evidence
was available on the resource requirements for implementing SEM scanning for all dark-skinned individuals.

Evidence from a logistic regression reported in a moderate quality Level 3 study showed that skin tone classification
on a Munsell color chart was a significant predictor of Category/Stage | pressure injuries (but not more severe pressure
injuries). Ethnicity/race was not a significant predictor of pressure injuries. Interrater and intrarater reliability was
high for Munsell-based skin tone classifications, especially in individuals with dark skin tones.*

Implementation Considerations

e Carefully inspect any discoloration over pressure areas in individual with darkly pigmented skin. Areas of
discoloration in relation to surrounding skin should be assessed more closely for temperature changes, edema,
changes in tissue consistency and pain (Expert opinion).

e Tangential light and slightly moistening the skin may aid in the detection of early pressure injury in darker skinned
individuals (Expert opinion).
e To achieve a reliable visual assessment of skin tone, the skin should be clean and free of skin products* (Level 3).

Evidence Discussion

Althoughtheimportance of comprehensive skin and soft tissue assessmentin dark skinned individualsisacknowledged,¥
it is also recognized that assessment in dark skinned individuals can be more complex due to difficulty observing
subtle changes in skin color. As it is not always possible to identify erythema on darkly pigmented skin, localized heat,
edema, and change in tissue consistency in relation to surrounding tissue (e.g., induration/hardness) are important
indicators of early pressure damage in skin of darker tones. As reported above, there is evidence to support inclusion
of these criteria in all comprehensive skin assessments.

In the skin assessment intervention initiated by Rosen et al. (2006) in an aged care setting (see above), providing
education to health professionals to improve their clinical examination skills in identifying changes in skin temperature
by hand was effective in reducing pressure injury incidence after 12 weeks. The results of this study specifically
indicated that increasing assessment of skin temperature was associated with a significant reduction in Category/
Stage | to IV pressure injuries for individuals with dark skin tones (p < 0.004) (Level 2).

Also noted above, the record review by Farid et al. (2012)?° identified that temperature assessments conducted using a
handheld infrared thermographic device were able to detect skin temperature variations that were outside the norm.
These areas were more likely to progress to skin necrosis within seven days, indicating that infrared thermography can
identify deep tissue injury. Individuals with dark toned skin were 3.8 times more likely than light skinned individuals to
develop skin necrosis after identification of cool skin areas with the handheld infrared thermography device (Level 3).

The study by Bates-Jensen et al. (2009)*° reported above noted that SEM measurement was predictive of pressure injury
incidence, indicating that SEM measurement is effective in identifying areas of inflammation and tissue damage. The
findings were particularly relevant to dark skinned individuals (n = 11) who had an odds ratio of 1.88 (p < 0.005) for
a Category/Stage | pressure injury and 1.02 (95% Cl 1.001 to 1.02, at 1 dermal phase unit) for Category/Stage Il or
greater pressure injuries (Level 3).

One study reported on the use of skin tone charts to aid the assessment of skin in older adults from a range of ethnic
backgrounds (n = 417). The 5YR Munsell Color Chart was used by assessors to evaluate skin tone at baseline and at
16 weeks. Skin tone categorization using the Munsell Color Chart was more accurate at predicting Category/Stage
| pressure injuries than using ethnicity as a prognostic factor. However, the Munsell Color Chart categorization was
not predictive of Category/Stage Il or greater pressure injuries. For all ethnic groups, interrater reliability for Munsell
Color Chart ratings at the buttocks was high (ICC = 0.97, k = 0.84, p < 0.001), with highest reliability noted in African
American individuals (r = 0.93, p < 0.001)* (Level 3). Use of color charts appears to augment a visual assessment of the
skin, particularly when assessing darker skin tones.
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Other Skin Assessment Techniques

A smaller body of evidence is available on other adjunct skin assessment techniques including ultrasound,
photoplethysmogram (PPG), laser Doppler flowmetry (LDF) and measures of transcutaneous oxygen and other
biophysical variables. There was insufficient evidence on any of these skin assessment methods to make specific
recommendations; however, their use in clinical practice is increasingly popular as devices become more accessible.

Ultrasound is an acoustic therapy in which mechanical vibration is transmitted in a wave formation at frequencies
beyond the upper limit of human hearing. Ultrasonic devices are used to detect objects and measure distances.
Ultrasound imaging or sonography is often used for diagnostic purposes. In some studies, ultrasound has been used
as a non-invasive method of detecting deep tissue injury prior to visible appearance of the injury on the skin.>**5' When
the ultrasound waves reaches tissues in the body energy is reflected back or absorbed depending on the different
characteristics of the tissue. It has been proposed that early detection of deep tissue injury could help identify whether
tissue injury was present on admission.>® Because ultrasound is portable and more accessible than magnetic resonance
imaging (MRI, the gold standard method of tissue deformation measurement), exploration of the validity, reliability
and feasibility of its use in early tissue assessment is important.>

There is only a small body of evidence on use of ultrasound for skin and soft tissue assessment that was insufficient
to make a recommendation. Low frequency and high frequency ultrasound examine tissues at different depths,
with low frequency ultrasound detecting deeper tissues. Use of low frequency ultrasound in one diagnostic study>°
showed good sensitivity, specificity and accuracy in diagnosing deep tissue injury. The ultrasound assessment was
confirmed with visual assessment and pressure injury classification by a clinician conducted up to seven days after the
ultrasound investigation® (Level 7). In another study, there was low to moderate correlation between an abnormal
high frequency ultrasound result and being classified as having a pressure injury risk based on visual assessment and
application of the Braden Scale friction/shear subscales. However, this study had insufficient pressure injury events
to evaluate the ability of ultrasound to predict a pressure injury developing® (Level 3). Indirect evidence suggests
that tissue deformation associated with pressure injury is identifiable, with interrater reliability reported as high
for identifying deformation in muscle, tendon/muscle and skin/fat layers but low for measures in the fat and skin
layers®' (Level 5). Other studies®** also showed that ultrasound can detect abnormal tissues, including identification
of edematous tissue under intact skin® (all Level 5). However, validation against gold standard assessment technique
(i.e., MRI) is lacking. Further work is required to determine how ultrasound findings correlate with various stages of
skin breakdown®3>* (e.g., with validation against the gold standard of MRI assessment) and how to interpret results.>?

Measurement of the flow of blood can provide an indication of tissue health. Laser Doppler flowmetry and
photoplethysmography both provide non-invasive methods to assess circulation at different tissue depths. In studies
conducted in healthy volunteers both laser Doppler flowmetry and photoplethysmography were able to measure
changes in blood flow in situations with and without pressure®®>? (Level 5). However, evidence on its use in individuals
with or at risk of pressure injuries is currently lacking.

Transcutaneous oxygen monitoring provides an evaluation of tissue oxygen saturation using a subcutaneous light
beam that penetrates the tissue. This provides an indication of the perfusion of tissues, particularly in response to
loading However, in studies conducted in healthy volunteer assessment of skin and tissue using tissue oxygenation
showed mixed results. Transcutaneous tissue oxygenation failed to identify any significant difference during four
hours in supine position on a pressure redistribution support surface in one study.>® A second study*® showed significant
increases in tissue oxygenation at the sacrum (p > 0.05) and the ischial tuberosity (p < 0.01) after 15 minutes. However,
in the second study transcutaneous tissue oxygenation measures failed to identify significant differences in perfusion
after 15 minutes in a sitting position® (Level 5). The mixed results indicate that more research is required on the use
of transcutaneous oxygenation monitoring in the assessment of the skin and soft tissues.

One study reported on biophysical measures for assessing epidermal lipids and melanin. Melanin contributes to skin
color and epidermal lipids contribute to the barrier function of the stratum corneum, therefore are a marker of skin
hydration. In the study population of older adults (n = 38) there was a strong positive correlation between visual
assessment of the skin and measure of skin wetness at sacrum, ischia and trochanters (p < 0.01) using the diagnostic
tool. There was also a strong positive correlation between visual assessment and measures of skin pigmentation
(melanin) (p = 0.01) and erythema (p = 0.01) taken using the diagnostic tool® (Level 5). However, this was a small
study and the relationship between the skin assessment criteria and development of pressure injuries requires further
investigation to ascertain the diagnostic tool’s reliability, validity and role in predicting pressure injuries.
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PREVENTIVE SKIN CARE

Introduction

Maintaining skin integrity is essential in the prevention of pressure injures. Maintaining healthy skin requires
comprehensive assessment and care planning. Nutrition and hydration, addressed in the Nutrition chapter of this
guideline, play an important role in skin health. Appropriate management of other skin conditions (e.g., eczema,
incontinence-associated dermatitis) is also an imperative in maintaining skin integrity and ability to protect underlying
tissues.

This chapter addresses direct care of the skin to reduce the risk of pressure injuries. Preventive skin care not only
protects the skin and promotes comfort, but also provides an opportunity to conduct a skin assessment and identify
areas at risk that may require further preventive care and/or changes to the individual's overall pressure injury
prevention plan.

Clinical Question

The clinical questions that guided the development of this chapter were:

* Is massage effective in preventing pressure injuries?

e Are topical products effective in preventing pressure injuries?

e Are prophylactic dressings effective for preventing pressure injuries?

* Are continence management strategies effective in preventing and treating pressure injuries?
e Are low friction or microclimate control fabrics effective for preventing pressure injuries?

Skin Hygiene

3.1: Implement a skin care regimen that includes:
¢ Keeping the skin clean and appropriately hydrated
¢ Cleansing the skin promptly after episodes of incontinence
¢ Avoiding use of alkaline soaps and cleansers
¢ Protecting the skin from moisture with a barrier product.
(Strength of Evidence = B2; Strength of Recommendation = 1)

Evidence Summary

Two studies™? provided evidence to support a recommendation to implement structured skin care regimen that includes
regular cleansing (particularly after episodes of incontinence). A low quality Level 2 study' found that a structured
hygiene program was associated with a lower incidence of pressure injuries than standard care. A low quality level
4 observational study? noted that skin was assessed as being healed or healing when a structured skin care regimen
was implemented. A moderate quality Level 1 study? reported significant reductions in erythema and broken skin
when a pH-balanced (pH 5.5) foam cleanser was used, as compared to standard hospital soap. The structured skin care
regimen reported in the low quality level 2 study' also included replacing soap with a pH balanced (pH not reported)
foam cleanser.

Implementation Considerations

* Frequency of cleansing should be individualized (Expert opinion).

*  When washing, drying and applying a barrier product, avoid vigorous massage or rubbing of the skin that can
damage the skin due to friction*> (Level 1 and Level 5).

e Consider using a non-rinse skin cleanser (Expert opinion).

Evidence Discussion

Cleansing the skin removes dirt, sebum and other unwanted substances from the skin’s surface. Frequency of cleansing
should be individualized; over-cleansing can cause the skin to become dry due to impairment of the skin’s natural
moisturizing factor and barrier function.®
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Ensure the skin is dry after cleansing, paying particular attention to skin folds and select soft fabrics for washers
and towels to prevent damage from friction during drying. It is important to note that skin damage from moisture
is not a pressure injury, but that presence of skin damage from moisture may increase the risk of pressure injuries.
The mechanical properties of the stratum corneum are changed by the presence of moisture and as a function of
temperature. The stiffness of the stratum corneum strongly depends on the stratum corneum hydration. The strain
at which the stratum corneum breaks is approximately four times higher at 100% humidity, compared to dry skin.
Humidity also increases the friction coefficient between the skin and supporting surface, thus enhancing the risk of
shear damage.”

Structured skin hygiene programs

Two studies'? explored the effectiveness of structured skin hygiene programs in preventing pressure injuries. In the
first study,’ individuals in critical care who had fecal incontinence (n = 76) received either a structured skin care
regimen that included use of mild washing with minimal friction, use of wet tissue cloth, regular perineal cleansing
with a foaming cleanser followed by a barrier cream and moisturizing or standard care (details not reported). Over
seven days, there was a a significantly lower incidence of pressure injuries in the group receiving the structured skin
hygiene protocol (13.2% versus 50%, p = 0.001). There was no blinded assessment and the nurses delivering the
intervention were responsible for assessing outcomes’ (Level 2).

Additional evidence comes from a case series study conducted in individuals with a moderate or high pressure injury
risk on the Braden Scale (n = 20). The participants received one of two different structured skin hygiene regimens
based on the assessment of their skin condition (erythema versus moisture lesion versus combination). All regimens
included washing, use of a foam cleansing spray, a barrier product and fecal incontinence management based on type
on the Bristol Stool Chart. Individuals with an existing moisture lesion received a prophylactic dressing. After between
3 to 28 days, all individuals had skin classified as healed (80%) or healing (20%)? (Level 4).

Skin cleansers

The pH of the skin at the surface measured when refraining from washing or using cleansers ranges from 4.0 to 7.0
(slightly acidic to neutral).”™ Avoiding use of an alkaline soap or cleanser reduces potential dryness, erythema and
irritation that can arise due to interaction between high pH soap products and the proteins and lipids on the skin’s
surface.®

As noted above, the study by Park et al. (2014)' demonstrated a statistically significant reduction in pressure injuries
associated with a skin hygiene regimen that included a pH balanced (pH 5.5) foam cleanser (Level 2). Cooper et al.
(2001)3 investigated standard hospital soap (1% aqueous solution with a pH of 9.5 to 10.5; n = 49) compared to a foam
no-rinse cleanser (combination of an emollient, water-repellant deodorant and water-repellant barrier with a pH of 5.5;
n = 44). The study was conducted over 14 days and participants all had some form of incontinence or catheterization.
Skin was assessed using the Stirling Pressure Severity Scale and classified as broken skin (Category/Stage Il or greater
pressure injury), erythematous (Category/Stage | pressure injury) or healthy (no alterations to skin integrity). Overall,
skin condition was maintained or improved for more participants receiving the skin cleanser compared with soap
(66% versus 37%, p = 0.05). Participants who were classified as having healthy skin at commencement of the trial
experienced more erythema (30.3% versus 15.1%, p = not reported) and more broken skin (12.1% versus 0%, p = not
reported) when their skin was cleansed with soap and water. Although the median lengths of stay in care facilities
were significantly different between the groups, the condition of skin was not significantly different between the
groups on entry to the study? (Level 1).

Skin moisturizing

The small body of evidence on products to moisturize and protect the skin primarily compares different products. One
randomized controlled trial (RCT) found that a hyperoxygenated fatty acid moisturizer was not more effective than
a placebo product for reducing pressure injuries'® (Level 7). Three RCTs'7-"? indicated that there is also no statistically
significant difference between different moisturizer or emollient products in preventing pressure injuries in individuals
at moderate to high risk (Level 7).

However, the evidence comparing moisturizing the skin to not moisturizing the skin as a strategy to prevent pressure
injuries is conflicting. One study conducted with individuals in a medical ward found that application of a silicone-
based dermal nourishing moisturizer was more effective in reducing the pressure injury incidence than no emollient or
moisturizer (7% versus 31%, p = 0.008)%° (Level 3). A second study conducted in a community hospital with individuals
at high risk of pressure injuries (Braden Scale score < 15) compared a hyperoxygenated fatty acid moisturizer to placebo
cream for preventing pressure injuries. There was no statistically significant difference between the hyperoxygenated
fatty acid moisturizer and placebo cream (6.1% versus 7.4%, p = 0.94)'¢ (Level 7). However, the research is difficult to
interpret due to the range of different products used, as well as methodological limitations of the studies.
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Although research directly linking skin moisturizing to reduction in pressure injury incidence is lacking, one
epidemiological study in hospitalized individuals with limited mobility (n = 286) noted that dry skin was a significant
and independent risk factor for pressure injuries in a multivariate analysis?' (Level 3 prognostic). Regular application
of a moisturizer in a skin hygiene regimen is suggested for promoting skin hydration and preventing other adverse
skin conditions, including dry skin and skin tears.

3.2: Avoid vigorously rubbing skin that is at risk of pressure injuries.
(Good Practice Statement)

Discussion

In the past, massage has been used as a method of pressure injury prevention.*?22® Vigorous massage has the potential
to damage tissue. Various types of massage use combinations of different stroke types including:®

e Effleurage - slow, gentle gliding strokes that use firm pressure

e Pertissage — forceful kneading and skin rolling used on fleshy body regions
e Tapotement — striking and percussive movements

* Friction — compressive, penetrating pressure

* Vibration - shaking or vibrating motions.

Friction massage involves the use of penetrating pressure and is a vigorous type of rubbing described in older nursing
texts.?> As well as being painful, it can cause mild tissue destruction or provoke inflammatory reactions, particularly
in frail older adults. Early work by Dyson et al. (1978)° examining skin biopsies taken at post-mortem found cellular
damage in areas where the skin had been rubbed more vigorously compared to biopsies taken from individuals who
had not had their skin rubbed (Level 5). However, even less vigorous massage techniques are contraindicated in the
presence of acute inflammation and where there is the possibility of damaged blood vessels or fragile skin.?42

In a randomized crossover trial,*?” older adults (n = 79) were assigned to three study groups. One group received
massage with a placebo cream, another group received massage with 5% dimethyl sulfoxide cream (DMSO), and the
control group received no massage or cream application. The massage was conducted using soft, circular motions
with a gloved hand (effleurage) to the coccyx, heels and ankles. No significant difference in overall pressure injury
incidence was found between the three regimens. The researchers found no benefit from the use of massage; and
there may have been some advantage to not massaging the individual.?” There was a statistically significantly higher
incidence of heel and ankle (but not coccyx) pressure injuries in the group that received massage with 5% DMSO
cream (odds ratio [OR] 8.80, 95% confidence interval [Cl] 2.61 to 29.6)* (Level 1).

Continence Management

3.3: Use high absorbency incontinence products to protect the skin in individuals with or at risk of pressure
injuries who have urinary incontinence.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

A low quality Level 1 study?® provided evidence that highly absorbent disposable continence devices that lock moisture
away from the skin are associated with a lower incidence of pressure injuries than reusable quilted incontinence pads.
A low quality Level 3 study?® reported a 67% reduction in risk of a pressure injury associated with using a highly
absorbent incontinence diaper for ten weeks.

Implementation Considerations

e Together with the individual and their informal caregivers, develop a continence management plan that facilitates
individualized toileting and/or regular skin care and change of continence pads to protect the skin from the impact
of excess moisture and chemical irritants (Expert opinion).

e When barrier products (e.g., zinc and petrolatum) are applied excessively moisture wicking and absorbency
properties of incontinence products may be inhibited. Review and follow the manufacturer information on
incontinence products (Expert opinion).
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Evidence Discussion

Incontinence can lead to prolonged skin exposure to excess moisture and chemical irritants in urine and feces. In
addition, occlusion resulting from the use of an incontinence aid can alter the microclimate of the skin. The overall
result can be inflammation, erythema, erosion, and denudation with decreased tolerance to other forms of skin
damage, such as that associated with prolonged exposure to pressure or shear.3° The relationship between skin moisture
(and potentially skin pH from exposure to urine and feces) from incontinence is discussed in the guideline chapter
on Risk Factors and Risk Assessment. An incontinence management plan aims to reduce the incidence of incontinent
episodes. Together with prompt cleansing (see Recommendation 3.1), use of high absorbency incontinence products
reduces the duration of skin exposure to irritants. Two studies?®?° provide evidence to suggest this also translates to
a reduction in pressure injury incidence.

In a large trial, individuals in medical and surgical wards (n = 462) who had fecal and/or urinary incontinence were
randomized to receive either disposable waterproof super-absorbent incontinence products or a reusable quilted
underpad made from moderately absorptive fabric and a waterproof back.?® The participants were older adults
(mean age around 79 years) and all had incontinence associated dermatitis at the commencement of the study. The
pressure injury incidence was statistically significantly lower in the group receiving the highly absorbent disposable
incontinence product (4.8% versus 11.5%, p = 0.02). However, the findings were confounded by the large between-
group differences in the use of other continence management interventions (e.g., toileting program, indwelling
catheters and fecal incontinence devices), the significantly shorter mean hospital stay in the disposable product group
(6 days versus 8 days, p = 0.02) and the lower incidence of pressure injuries in the disposable product group at baseline
(33% versus 44%, p = 0.03)% (Level 7).

Teerawattananon et al. (2015)?° conducted a small cohort study in incontinent adults in a rehabilitation setting (n =
71). High absorption disposable incontinence products were used over a period of ten weeks. Over time, the risk that
a pressure injury would be present significantly decreased compared to baseline by week six (58% reduction in risk,
95% Cl 8% to 75%) and week ten (67% reduction in risk, 95% Cl 16% to 78%). By ten weeks, the mean difference
compared to baseline in Braden Scale score was 0.19 (95% Cl —-0.42 to 0.79). The confidence intervals were wide, and
one spanned the null value,? and the researchers noted that the high cost of the intervention (approximately $650
million US in Thailand in 2015) was not sustainable (Level 3).

In individuals with significant incontinence, catheterization is sometimes implemented to promote skin hygiene.
However, indwelling catheters (IDCs) are associated with increased risk of medical device related pressure injuries®
and urinary tract infections, so the benefits versus the risk of harm should be considered carefully according to
the individual’s clinical condition. If an IDC is used, the recommendations in the chapter on Device Related Pressure
Injuries provide guidance on minimizing the risk of medical device related pressure injuries.

Fecal Incontinence

Two studies provided evidence on management of fecal incontinence; however, neither provided sufficient evidence
that any specific intervention is more effective in preventing pressure injuries than standard care consisting of regular
hygiene. In one RCT conducted in acutely ill individuals with neurogenic fecal incontinence (n = 100),% a significant
reduction in Category/Stage | pressure injuries was associated with use of a suspension positioning device that elevates
the perianal region, thereby reducing exposure to urinary and fecal material. There was no statistically significant
reduction in Category/Stage Ill or IV pressure injuries. Although this strategy was somewhat effective, the feasibility
and acceptability of the intervention was not explored (Level 7).

In a second RCT, Pittman et al. (2012)3* explored the use of two fecal management devices, a bowel management
system catheter (BMS group, n = 21) and a rectal trumpet utilized as a fecal incontinence device (RT group, n = 20)
compared with usual care (n = 18). The study was conducted until the end-point of device failure (three or more
incontinent stools in a 24 hour period), device complications (including rectal bleeding) or discharge from the critical
care unit. There was no significant difference in the number of pressure injuries present in any of the groups (BMS
42.9% versus RT 35% versus usual care 27.8%, p = 0.63). The relatively high rate of pressure injuries was contributed
to by the high level of pressure injuries present on entry to the study (32% of participants). There was also a wide
variation in time spent in the study (from 2 days to 60 days), which may have influenced the findings (Level 7)
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Bed Linen

3.4: Consider using textiles with low friction coefficients for individuals with or at risk of pressure injuries.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Implementation Considerations

e Introduction of low co-efficient linen may require facility-level inventory change that should be accompanied by
education for health professionals, patient consumers and informal caregivers®® (Level 7).

Evidence Summary

The evidence for the recommendation to consider using a low friction coefficient textile is primarily based on studies
exploring the effectiveness of silk-like fabrics that reduce shear stress, minimizes skin irritation and dries quickly
when compared to a cotton or cotton-blend fabric. One moderate quality Level 1 study reported a hazard ratio of
0.23 (with wide confidence intervals) for Category/Stage Il or greater pressure injuries associated with silk-like fabric
compared to cotton blend fabric.3> A moderate quality Level 2 study?® also found that silk-like fabric is associated
with lower pressure injury incidence than standard cotton sheets. One moderate quality Level 3 study reported that
a synthetic fiber was associated with a lower pressure injury risk due to its management of moisture compared to
cotton sheets.’” Three additional Level 3 studies (two moderate quality® and two of low quality3*%°) reported lower
incidence of pressure injuries (both Category/Stage | and Category/Stage Il and greater) in cohorts that were cared for
on silk-like fabric sheets compared to standard linen. The range of effect varied between the studies but favored the
low coefficient silk-like product. One cohort study reported that silk-like sheets cost more than double that of cotton-
blend sheets, but lasted more than three times as long* A low quality cost analysis indicated there was a small cost
saving associated with using silk-like fabrics.3®

Evidence Discussion

Six studies®“° reported on the relationship between low friction coefficient textiles and pressure injuries in acute
care, %38 critical care®“° and aged care settings.? Low friction coefficient textiles are synthetic silk-like fiber fabrics
manufactured to create a smooth, quick-drying fabric interface. Used for either bed linen or clothing (or both), the
individual using low friction fabrics experiences a reduction in friction force and shear stress as they move or slide
on the bed linen surface.?® The synthetic clothing, fiber sheets and underpads and clothing can have more than one
layer that absorbs moisture from perspiration away from the skin, reducing heat insulation and influencing that
microclimate.?” This is important because the coefficient of friction has been shown to be greater over moist skin.*'
4 Although concern has been expressed regarding a risk of slips or falls from a low friction coefficient fabric, the
available evidence has shown no increase in adverse events related to falling or sliding.3>38

In a multivariable analysis from a prognostic study (n = 71),%” the type of sheeting the individual received was one
of two significant factors for experiencing a pressure injury (the other being Braden Scale score). Individuals who
received 100% cotton sheeting were more likely to develop a pressure injury than those who had a synthetic fiber
sheet (OR 0.11, 95% Cl 0.012 to 1.032, p = 0.00).3” However, the confidence interval spans the null value, suggesting
caution in considering the results (Level 3).

Five comparative studies®>3%3%4° provided evidence for the effectiveness of low friction coefficient bed linen and
clothing. In arandomized trial (n = 46) conducted in older adults in a nursing home setting,** individuals were assigned
to either low coefficient, silk-like linen (i.e., bed sheets, under pads and pillowcases) or to usual care that consisted
of plain weave linen. Incontinent individuals also received incontinence undergarments that differed in construction
between the two groups, with a higher absorbency product used in the intervention group. At the 20-week follow-
up the intervention group had experienced significantly fewer pressure injuries of any Category/Stage (hazard ratio
[HR] = 0.31, 95% Cl 0.12 to 0.78, p = 0.0125). The low coefficient fabric group also experienced fewer Category/Stage
Il or greater pressure injuries (HR = 0.23, 95% Cl 0.078 to 0.69, p = 0.0084).** The confidence intervals for both these
results were wide. Use of higher absorbency incontinence products may have contributed to the effect of the fabric,
as this product would contributed to the microclimate changes at the skin-surface interface. Consideration to the
type of continence product used might be important in maximizing the impact of specialist fabrics.3> Additionally,
the intervention included an extensive education program for health professionals and patient consumers, and
required changes to inventory and customized sheets for individuals in the intervention group who required specialty
beds.? These factors are considerations in generalizing the effectiveness of the intervention and feasibility in its
implementation in other settings.
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In a second study,* an eight-week, controlled trial, silk-like linen was associated with a lower incidence of pressure
injuries among individuals in medical/surgical wards, as compared to cotton-blend linen. In the medical unit, the
incidence of new pressure injuries was statistically significantly lower (4.6% versus 12.3%, p = 0.01) and there was a
non-significant reduction in the average length of stay (5.31 versus 5.97 days, p = 0.07) in the group receiving silk-like
sheets. The surgical ICU unit showed similar results with a statistically significant decrease in pressure injury incidence
(0% versus 7.5%, p = 0.01), and a non-significant reduction in the average length of stay (p = 0.33) (Level 2).

A cohort study?® specifically explored the use of low friction coefficient fabric undergarments or bootees (n = 165)
compared to regular hospital garments (n = 204). The incidence of hospital acquired pressure injuries was significantly
lower in the second cohort (25% versus 41%, p = 0.02). There was also a lower rate of wound deterioration in the low
friction fabric cohort for individuals with a pre-existing pressure injury (6% versus 25%, p = 0.001)*° (Level 3).

Two cohort studies compared silk-like fabrics to a cotton blend fabric. In the first of these cohort studies (n = 1,427)3
individuals in an historical cohort receiving usual cotton blend linen experienced a higher incidence of hospital-
acquired Category/Stage | pressure injuries than individuals on the silk-like bed linen (5.6% versus 2.3%, p < 0.001).
The silk-like bed linen was also associated with a statistically significantly lower rate of Category/Stage Il pressure
injuries (0.8% versus 5.95%, p < 0.001)(Level 3). In the second of these cohort studies (n = 1,647),% individuals in
intensive care receiving low coefficient fabric sheets and underpads experienced fewer pressure injuries over 20 weeks
compared to individuals who received cotton blend linen (5.26% versus 7.71%, p = 0.002). The incidence of Category/
Stage Il or greater pressure injuries was also lower for the cohort receiving low coefficient fabric (2.82% versus 5.25%,
p < 0.001) (Level 3). This cohort study reported that the intervention was associated with a $3.9 million (USD in 2015)
cost saving due to the shorter hospitalization duration achieved by preventing pressure injuries.** However, this cost
analysis included no details of the costs considered in the analysis. A more detailed cost analysis®® that considered
community hospital costs, support surfaces and wound dressings estimated a cost savings £63,000 per 100 at risk
patients (UK pounds in 2010) from using a low friction coefficient linen. Therefore, potential cost savings could vary
across clinical and geographic settings.

Prophylactic Dressings

3.5: Use a soft silicone multi-layered foam dressing to protect the skin for individuals at risk of pressure injuries.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Evidence supporting the effectiveness of a multi-layer silicone foam dressing in protecting the skin and preventing
pressure injuries comes from one high quality,** and four moderate quality'44’ Level 1 studies, a high quality Level
2 study,*® high*® and low quality*®>' Level 3 studies, all of which reported statistically significantly lower pressure
injury incidence compared to using no prophylactic dressing in individuals who were at moderate to very high risk
of pressure injury. In one of the moderate quality Level 1 studies,”™ the results were only significant in individuals
with a Braden Scale score below 12 (i.e., high risk of pressure injuries). Another low quality Level 3 study®' reported
a reduction in sacral pressure injuries (particularly Category/Stage Il and IV pressure injuries) when a multi-layer
silicone foam dressing was used, although the difference compared to no prophylactic dressing was not statistically
significant. The highest quality study reported an 88% reduction in pressure injury incidence associated with including
a multi-layer silicone foam dressing in a skin care bundle.* Two studies (Level 252 and Level 3%) reported reductions
in pressure injury incidence using a multi-layer silicone foam dressing that were not statistically significant compared
to no prophylactic dressing, and both were low quality. Only one study>* offered a comparison between a multi-
layer silicone foam dressing and other prophylactic dressings; this high quality Level 2 study> found a multi-layer
silicone foam dressing was associated with a statistically significantly lower pressure injury incidence compared to a
polyurethane film dressing. Two economic analyses conducted in the US*° and Australia®>*¢ suggested that introduction
of a multi-layer silicone foam dressing to preventive care could be associated with substantial cost savings.

Implementation Considerations

¢ Continue to implement other measures (e.g., regular repositioning and support surfaces) to prevent pressure
injuries when using a prophylactic dressing (Expert opinion).

e Continue to assess the skin under a prophylactic dressing at least daily to evaluate the effectiveness of the
preventive care regimen. Many dressings have features that facilitate regular skin assessment (e.g. transparency,®’
silicone borders,*4° non-adhesive edges,*>° etc.) (Levels 1 and 3).
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*  When selecting a prophylactic dressing consider:

Potential benefit of using a dressing

Appropriateness of the size and design of the dressing

Ability to manage the microclimate

Ease of application and removal

Ability to maintain the dressing in situ

Ability to regularly assess the skin under the dressing

The individual’s preferences, comfort and any allergies
Coefficient of friction at the skin-dressing interface
Cost-effectiveness and accessibility of dressings (Expert opinion).

O 0O 0O O O O 0O 0o o©

e Replace the prophylactic dressing if it becomes dislodged, loosened or excessively moist,** if the dressing or skin
underneath become soiled, and according to the manufacturer’s instructions (Levels T and 3).

e Forindividuals at high risk of pressure injuries, application of a prophylactic dressing should be initiated as early as
possible in the care pathway when feasible (e.g., applied in the ambulance or emergency room) % (Level 7).Use of
a prophylactic dressing on the heels is discussed in more detail in the chapter Heel Pressure Injuries and the chapter
Device Related Injuries discusses use of a prophylactic dressing to prevent pressure injuries associated with devices.

Evidence Discussion

Ohura et al. (2005)% used an in vitro porcine model to measure pressure and shear forces on skin and subcutaneous
tissue. Shear forces on both layers of tissue were lower when various prophylactic dressings were applied to the skin.
The results of this study® were supported in a study with healthy volunteers.®' The study®' showed that ten different
prophylactic dressings made from a variety of products including multi-layer foam and hydrocolloid, all contributed
to a lower interface pressure compared to no prophylactic dressing. Characteristics of prophylactic dressings were
further explored in laboratory studies that explored specific qualities that contributed to their ability to absorb shear
and friction force.5¢3 In their laboratory based study of prophylactic dressings, Call et al. (2013, 2015)52¢3 reported
that features such as an elastic-type adhesive (e.g., silicone), multiple layer construction and the size of the dressing
all contribute to its ability to protect the skin®%%3 (all Level 5). Research also indicates that application of a prophylactic
dressing can influence the microclimate. Call et al. (2013)% noted that the construction of prophylactic dressings
significantly influences moisture trapping and humidity close to the skin. Accumulation of moisture at the skin surface
decreased the ability of some dressings to transpire. Although skin surface temperature was shown to increase with
the application of prophylactic dressings, the heat rise was considered insufficient to place the skin at additional risk
of injury®® (Level 5). Prophylactic dressings differ in their qualities; therefore, it is important to select a dressing that is
appropriate to the individual and the clinical use. Foam dressings have superior absorptive capacity than other types
of prophylactic dressings, and most are designed to be easy to lift3"44° in order to assess the skin without causing
trauma.*>®* This is of particular significance to older adults with fragile skin and neonates with immature skin, as
discussed in the guideline chapter on Special Populations, which notes the risk of epidermal stripping from dressing
products.

Clinical evidence on effectiveness of adding prophylactic dressings to prevention injury prevention regimens that
include appropriate support surfaces and repositioning continues to grow. Most studies exploring prophylactic
dressings for general use (i.e., applied to the heels, coccyx and sacrum) have compared multi-layered silicone foam
dressings to no prophylactic dressing. Evidence on other types of prophylactic dressings, for example hydrocolloid or
film dressings, specifically addresses prevention of heel pressure injuries or use to prevent pressure injuries associated
with medical devices (particularly film dressings, which are thinner and can be more easily applied under devices).
This evidence is discussed in the guideline chapters Heel Pressure Injuries and Device Related Injuries. However, in
the single comparative study currently available, a multilayered silicone foam dressing was more effective than a
film dressing in reducing the incidence of Category/Stage | pressure injuries (3% versus 11%, p = 0.027) in individuals
undergoing surgery (n = 100)%* (Level 2). The evidence discussed below relates to multi-layered silicone foam products
compared to no prophylactic dressing.

The most studied population is immobile critically ill individuals in intensive care, in which six studies have
demonstrated an association between prophylactic dressings and a lower incidence of pressure injuries compared to
no dressing#+46.4849.52 Kalowes et al. (2016) * reported an 88% reduction in risk of developing a pressure injury (hazard
ratio [HR] = 0.12, 95% Cl 0.02 to 0.98, p = 0.048) when a multi-layered silicone foam dressing was added to the critical
care unit’s pressure injury prevention bundle (Level 7). In a study in which a prophylactic dressing was applied to heels
and sacrum on admission to the emergency department and use continued in the critical care unit (n = 440),% there
was a significant reduction compared to usual care in overall pressure injury incidence (4.3% versus 17.8%, p = 0.002),
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as well as significant decreases in sacral pressure injuries (1.2% versus 5.2%, p = 0.05) and heel pressure injuries (3.1%
versus 12.5%, p = 0.002). The number-needed-to-treat (NNT) was 10 to prevent any pressure injury*® (Level 7). Park
(2014)*® showed a lower pressure injury incidence for multi-layered foam dressing compared to no dressing (6% versus
46%, p < 0.001)* (Level 2) and in a cohort study (n = 302), Santamaria et al. (2015) noted that a multi-layer silicone
foam dressing completely prevented heel pressure injuries in critically ill individuals (0% versus 9.2%, p < 0.001) (Level
3).

Only a few studies failed to demonstrate a significant effect for a multi-layered silicone foam dressing. In a study
by Brindle and Wegelin (2012),%° there was a reduction in sacral pressure injuries associated with application of the
prophylactic dressings, but the finding was not statistically significant (2% versus 11.7%, p > 0.05). However, the
trend indicated a positive effect, and the small study (n = 85) was underpowered to measure significance* (Level 7).
Another study®? failed to show significant reduction in pressure injuries for critically ill individuals receiving a multi-
layer silicone foam dressing to the sacrum, buttock and coccyx (incident rate ratio [IRR] ranged from 0.41 to 0.54, p >
0.05). However, this study was of lower quality®? (Level 2).

Acutely ill individuals in medical or surgical wards also appear to achieve benefit from a multi-layered silicone foam
dressing. Padula et al. (2017)*° reported a significant reduction in Category/Stage lll, IV or unstageable pressure injuries
for a multi-layered silicone foam dressings compared to no dressing (1.2 + 0.045 versus 1.5 + 0.125, p = 0.0063)° (Leve/
3). No individuals undergoing trauma surgery who received a prophylactic dressing experienced a Category/Stage Il
or IV pressure injuries compared to rates of 2.5% and 5% specifically in cohorts not receiving a dressing (Level 3).
However, it might be that benefit is only achieved for individuals who are assessed as having a high risk of pressure
injuries (Level 3)."® In a study by Aloweni et al. (2017),"® a comparison between a multi-layered foam prophylactic
dressing and no dressing was only significant upon restricting the analysis to individuals with a Braden Scale score
indicative of high pressure injury risk (Braden Scale score < 12, 0% versus 4.8%, p = 0.048)'® (Level 7). Cubit et al.
(2013)*3 failed to demonstrate a reduction in sacral pressure injuries for hospitalized individuals (n = 109) treated
with a multi-layer silicone foam dressing compared to no dressing. However, there was a non-significant trend toward
reduction (1.96% versus 10.3%, p < 0.08) and level of pressure injury risk for participants was unclear® (Level 3).

Finally, in older adults (n = 1,888) there also appears to be a place for using prophylactic dressings.*” There was a
statistically significantly lower incidence of Category/Stage | or greater pressure injuries of the sacrum or heels
compared to no dressing (2.1% versus 10.6%, p = 0.004). However, when the analysis was restricted to specific
anatomical locations, there was a significant reduction in sacral pressure injuries (1.45% versus 8.67%, p = 0.007) but
not pressure injuries of the heels only (p > 0.05)%” (Level 7). This suggests that further research on refining the use
of prophylactic dressings to both population groups and anatomic locations to determine who will achieve the most
benefit is required.

References

1. Park KH, Kim KS. Effect of a structured skin care regimen on patients with fecal incontinence: A comparison cohort study. J
Wound Ostomy Continence Nurs, 2014; 41(2): 161-167.

2. Bateman SD, Roberts S. Moisture lesions and associated pressure ulcers: Getting the dressing regimen right. Wounds UK, 2013;
9(2): 97-102.

3. Cooper P, Gray D. Comparison of two skin care regimes for incontinence. Br J Nurs, 2001; 10(6): S6-520.

Duimel-Peeters I, Halfens R, Ambergen A, Houwing R, Berger P, Snoeckx L. The effectiveness of massage with and without
dimethyl sulfoxide in preventing pressure ulcers: A randomized, double-blind cross-over trial in patients prone to pressure
ulcers. Int J Nurs Stud, 2007; 44(8): 1285-1295.

Dyson R. Bed sores - the injuries hospital staff inflict on patients. Nurs Mirror, 1978; 146(24): 30-32.

Ananthapadmanabhan K, Moore D, Subramanyan M, Meyer F. Cleansing without compromise: The impact of cleansers on the
skin barrier and the technology of mild cleansing. Dermatol Ther, 2004; 17: 16-25.

7. Koutroupi KS, Barbenel JC. Mechanical and failure behaviour of the stratum corneum. J Biomech, 1990; 23(3): 281-287.

8. Gardner TN, Briggs GA. Biomechanical measurements in microscopically thin stratum comeum using acoustics. Skin Res Technol,
2001; 7(4): 254-261.

9. Yuan Y, Verma R. Measuring microelastic properties of stratum corneum. Colloids and Surfaces B: Biointerfaces, 2006; 48(1):
6-12.

10. Nicolopoulos CS, Giannoudis PV, Glaros KD, Barbenel JC. In vitro study of the failure of skin surface after influence of hydration
and preconditioning. Archives of Dermatological Research, 1998; 290(11): 638-640.

11.  Papir YS, Hsu KH, Wildnauer RH. The mechanical properties of stratum corneum. I. The effect of water and ambient temperature
on the tensile properties of newborn rat stratum corneum. Biochim Biophys Acta, 1975; 399(1): 170-180.

12.  Park AC, Baddiel CB. Rheology of stratum corneum-I: A molecular interpretation of the stress-strain curve. Journal of the
Society of Cosmetic Chemist, 1972; 23(): 3-12

13.  Wildnauer RH, Bothwell JW, Douglass AB. Stratum corneum biomechanical properties. I. Influence of relative humidity on
normal and extracted human stratum corneum. J Invest Dermatol, 1971; 56(1): 72-78.

91



CLINICAL PRACTICE GUIDELINE 6 PREVENTIVE SKIN CARE

14.
15.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wilkes GL, Brown IA, Wildnauer RH. The biomechanical properties of skin. CRC Crit Rev Bioeng, 1973; 1(4): 453-495.

Schreml S, Szeimies R-M, Karrer S, Heinlin J, Landthaler M, Babilas P. The impact of the pH value on skin integrity and cutaneous
wound healing. J Eur Acad Dermatol Venereol, 2009; 24(4): 373-78.

Verdu J, Soldevilla J. IPARZINE-SKR study: Randomized, double-blind clinical trial of a new topical product versus placebo to
prevent pressure ulcers. Int Wound J, 2012; 9(5): 557-565.

Lupianez-Perez |, Uttumchandani SK, Morilla-Herrera JC, Martin-Santos FJ, Fernandez-Gallego MC, Navarro-Moya FJ, Lupianez-
Perez Y, Contreras-Fernandez E, Morales-Asencio JM. Topical olive oil is not inferior to hyperoxygenated fatty aids to prevent
pressure ulcers in high-risk immobilised patients in home care. Results of a multicentre randomised triple-blind controlled non-
inferiority trial. PLoS One, 2015; 10(4).

Aloweni F, Lim ML, Chua TL, Tan SB, Lian SB, Ang SY. A randomised controlled trial to evaluate the incremental effectiveness of
a prophylactic dressing and fatty acids oil in the prevention of pressure injuries. Wound Practice & Research, 2017; 25(1): 24-34.

Bou J, Segovia G, Verdu S, Nolasco B, Rueda L, Perejamo M. The effectiveness of a hyperoxygenated fatty acid compound in
preventing pressure ulcers. ] Wound Care, 2005; 14(3): 117-21.

Shannon RJ, Coombs M, Chakravarthy D. Reducing hospital-acquired pressure ulcers with a silicone-based dermal nourishing
emollient-associated skincare regimen. Adv Skin Wound Care, 2009; 22(10): 461-467.

Allman R, Goode P, Patrick M, Burst N, Bartolucci A. Pressure ulcer risk factors among hospitalized patients with activity
limitation. J Am Med Assoc, 1995; 273(11): 865-70.

Acaroglu R, Sendir M. Pressure ulcer prevention and management strategies in Turkey. Journal of Wound Ostomy and
Continence Nursing, 2005; 32(4): 230-7.

Panagiotopoulou K, Kerr S. Pressure area care: An exploration of Greek nurses’ knowledge and practice. J Adv Nurs, 2002;
40(3): 285-296.

Duimel-Peeters |, Halfens R, Berger P, Snoeckx L. The effects of massage as a method to prevent pressure ulcers. A review of the
literature. Ostomy Wound Management, 2005; 51(4): 70-80.

Houghton M, Aids to practical nursing. 1940, London: Bailliere, Tindall & Cox.

Holey E, Cook E, Evidence-based therapeutic massage: A practical guide for therapists. 2nd ed. 2003, Edingburgh: Churchill
Livingstone.

Houwing R, van der Zwet W, van Asbeck S, Halfens R, Arends JW. An unexpected detrimental effect on the incidence of heel
pressure ulcers after local 5% DMSO cream application: A randomized, double-blind study in patients at risk for pressure ulcers.
Wounds, 2008; 20(4): 84-88.

Francis K, ManPang S, Cohen B, Salter H, Homel P. Disposable versus reusable absorbent underpads for prevention of hospital-
acquired incontinence associated dermatitis and pressure injuries. ] Wound Ostomy Continence Nurs, 2017; 44(4): 374-379.

Teerawattananon Y, Anothaisintawee T, Tantivess S, Wattanadilokkul U, Krajaisri P, Yotphumee S, Wongviseskarn J,
Tonmukayakul U, Khampang R. Effectiveness of diapers among people with chronic incontinence in Thailand. Int J Technol
Assess Health Care, 2015; 31(4): 249-255.

Gray M, Beeckman D, Bliss DZ, Fader M, Logan S, Junkin J, Selekof J, Doughty D, Kurz P. Incontinence-associated dermatitis: A
comprehensive review and update. J Wound Ostomy Continence Nurs, 2012; 39(1): 61-74.

Black J, Alves P, Brindle CT, Dealey C, Santamaria N, Call E, Clark M. Use of wound dressings to enhance prevention of pressure
ulcers caused by medical devices. Int Wound J, 2015; 12: 322-327.

Mody L, Greene MT, Meddings J, Krein SL, McNamara SE, Trautner BW, Ratz D, Stone ND, Min L, Schweon SJ, Rolle AJ, Olmsted
RN, Burwen DR, Battles J, Edson B, Saint S. A national implementation project to prevent catheter-associated urinary tract
infection in nursing home residents. JAMA Internal Medicine, 2017; 177(8): 1154-1162.

Su MY, Lin SQ, zhou YW, Liu SY, Lin A, Lin XR. A prospective, randomized, controlled study of a suspension positioning system
used with elderly bedridden patients with neurogenic fecal incontinence. Ostomy Wound Management, 2015; 61(1): 30-39.

Pittman J, Beeson T, Terry C, Kessler W, Kirk L. Methods of bowel management in critical care. Journal of Wound Ostomy and
Continence Nursing, 2012; 39(6): 633-639.

Twersky J, Montgomery T, Sloane R, Weiner M, Doyle S, Mathur K, Francis M, Schmader K. A randomized, controlled study
to assess the effect of silk-like textiles and high-absorbency adult incontinence briefs on pressure ulcer prevention. Ostomy
Wound Mange, 2012; 58(12): 18-24.

Coladonato J, Smith A, Watson N, Brown AT, McNichol L, Clegg A, Griffin T, McPhail L, Montgomery TG. Prospective,
nonrandomized controlled trials to compare the effect of a silk-like fabric to standard hospital linens on the rate of hospital-
acquired pressure ulcers. Ostomy Wound Manage, 2012; 58(10): 14-31.

Yusuf S, Okuwa M, Shigeta Y, Dai M, luchi T, Sulaiman R, Usman A, Sukmawati K, Sugama J, Nakatani T, Sanada H. Microclimate
and development of pressure ulcers and superficial skin changes. Int Wound J, 2013.

Smith A, McNichol LL, Amos MA, Mueller G, Griffin T, Davis J, McPhail L, Montgomery TG. A retrospective, nonrandomized,
before and after study of the effect of linens constructed of synthetic silk-like fabric on pressure ulcer incidence. Ostomy
Wound Management, 2013; 59(4): 28-34.

Smith G, Ingram A. Clinical and cost effectiveness evaluation of low friction and shear garments. J Wound Care, 2010; 19(12):
535-542.

Freeman R, Smith A, Dickinson S, Tschannen D, James S, Friedman C. Specialty linens and pressure injuries in high-risk patients
in the intensive care unit. Am J Crit Care, 2017; 26(6): 474-481.

Vilhena L, Ramalho A. Friction of human skin against different fabrics for medical use. Lubricants, 2016 4(1): doi.org/10.3390/
lubricants4010006

92



CLINICAL PRACTICE GUIDELINE 6 PREVENTIVE SKIN CARE

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

Klaassen M, Schipper D, Masen M. Influence of the relative humidity and the temperature on the in-vivo friction behaviour of
human skin. Biotribology, 2016; 6: 21-28.

Bernatchez SF, Mengistu GE, Ekholm BP, Sanghi S, Theiss SD. Reducing Friction on Skin at Risk: The Use of 3MTM CavilonTM No
Sting Barrier Film. Adv Wound Care, 2015; 4(12): 705-710.

Kalowes P, Messina V, Li M. Five-layered soft silicone foam dressing to prevent pressure ulcers in the intensive care unit. Am J
Crit Care, 2016; 25(6): €108-e119.

Brindle CT, Wegelin JA. Prophylactic dressing application to reduce pressure ulcer formation in cardiac surgery patients. J
Wound Ostomy Continence Nurs, 2012; 39(2): 133-142.

Santamaria N, Gerdtz M, Sage S, McCann J, Freeman A, Vassiliou T, De Vincentis S, Ng AW, Manias E, Liu W, Knott J. A
randomised controlled trial of the effectiveness of soft silicone multi-layered foam dressings in the prevention of sacral and
heel pressure ulcers in trauma and critically ill patients: The Border trial. Int Wound J, 2015; 12(3): 302-308.

Santamaria N, Gerdtz M, Kapp S, Wilson L, Gefen A. A randomised controlled trial of the clinical effectiveness of multi-layer
silicone foam dressings for the prevention of pressure injuries in high-risk aged care residents: The Border Il Trial. Int Wound
J, 2018; 15(3): 482-490.

Park KH. The effect of a silicone border foam dressing for prevention of pressure ulcers and incontinence-associated dermatitis
in intensive care unit patients. J Wound Ostomy Continence Nurs, 2014; 41(5): 424-429.

Santamaria N, Gerdtz M, Liu W, Rakis S, Sage S, Ng AW, Tudor H, McCann J, Vassiliou J, Morrow F, Smith K, Knott J, Liew D.
Clinical effectiveness of a silicone foam dressing for the prevention of heel pressure ulcers in critically ill patients: Border Il Trial.
J Wound Care, 2015; 24(8): 340-345.

Padula WV. Effectiveness and value of prophylactic 5-layer foam sacral dressings to prevent hospital-acquired pressure injuries
in acute care hospitals: An observational cohort study. Journal of Wound, Ostomy, and Continence Nursing, 2017; 44(5): 413-
419.

Richard-Denis A, Thompson C, Mac-Thiong JM. Effectiveness of a multi-layer foam dressing in preventing sacral pressure ulcers
for the early acute care of patients with a traumatic spinal cord injury: Comparison with the use of a gel mattress. Int Wound
J, 2017.

Byrne J, Nichols P, Sroczynski M, Stelmaski L, Stetzer M, Line C, Carlin K. Prophylactic sacral dressing for pressure ulcer prevention
in high-risk patients. Am J Crit Care, 2016; 25(3): 228-234.

Cubit K, McNally B, Lopez V. Taking the pressure off in the Emergency Department: Evaluation of the prophylactic application
of a low shear, soft silicon sacral dressing on high risk medical patients. Int Wound J, 2013; 10(5): 579-584.

Yoshimura M, Ohura N, Tanaka J, Ichimura S, Kasuya Y, Hotta O, Kagaya Y, Sekiyama T, Tannba M, Suzuki N. Soft silicone foam
dressing is more effective than polyurethane film dressing for preventing intraoperatively acquired pressure ulcers in spinal
surgery patients: The Border Operating room Spinal Surgery (BOSS) trial in Japan. Int Wound J, 2018; 15: 2.

Santamaria N, Liu W, Gerdtz M, Sage S, McCann J, Freeman A, Vassiliou T, Devincentis S, Ng AW, Manias E, Knott J, Liew D. The

cost-benefit of using soft silicone multilayered foam dressings to prevent sacral and heel pressure ulcers in trauma and critically
ill patients: A within-trial analysis of the Border trial. Int Wound J, 2014; epub.

Santamaria N, Santamaria H. An estimate of the potential budget impact of using prophylactic dressings to prevent hospital-
acquired PUs in Australia. J Wound Care, 2014; 23(11): 583-589.

Souza TS, Reichembach Danski MT, Johann DA, Marques De Lazzari LS, Mingorance P. Prevention’s pressure ulcers heel with
transparent polyurethane film. Acta Paulista de Enfermagem, 2013; 26(4): 345-352.

Forni C, Loro L, Tremosini M, Mini S, Pignotti E, Bigoni O, Guzzo G, Bellini L, Trofa C, Guzzi M. Use of polyurethane foam inside
plaster casts to prevent the onset of heel sores in the population at risk. A controlled clinical study. J Clin Nurs, 2011; 20(5/6):
675-680.

Torra | Bou JE, Rueda Lépez J, Camafies G, Herrero Narvaez E, Blanco Blanco J, Ballesté Torralba J, Martinez-Esparza EH, Garcia
LS, Soriano JV. Preventing pressure ulcers on the heel: a Canadian cost study. Dermatol Nurs, 2009; 21(5): 268-272.

Ohura N, Ichioka S, Nakatsuka T, Shibata M. Evaluating dressing materials for the prevention of shear force in the treatment
of pressure ulcers. ] Wound Care, 2005; 14(9): 401-404.

Matsuzaki K, Kishi K. Investigating the pressure-reducing effect of wound dressings. J Wound Care, 2015; 24(11): 512-517.

Call E, Pedersen J, Bill B, Black J, Alves P, Brindle CT, Dealey C, Santamaria N, Clark M. Enhancing pressure ulcer prevention using
wound dressings: What are the modes of action? Int Wound J, 2015; 12(4): 408-413.

Call E, Pedersen J, Bill B, Oberg C, Ferguson-Pell M. Microclimate impact of prophylactic dressings using in vitro body analog
method. Wounds 2013; 25(4): 94-103.

Walsh NS, Blanck A, Smith L, Cross M, Andersson L, Polito C. Use of a sacral silicone border foam dressing as one component of
a pressure ulcer prevention program in an intensive care unit setting. J Wound Ostomy Continence Nurs, 2012; 39(2): 146-149.

93



CLINICAL PRACTICE GUIDELINE 7 NUTRITION

NUTRITION IN PRESSURE INJURY PREVENTION AND TREATMENT

Introduction

Nutrition plays a vital role in the prevention and treatment of pressure injuries because all organ systems require macro
and micronutrients to meet nutrient requirements for growth, development, maintenance, and repair of body tissues.
Well-nourished individuals are at lower risk for developing pressure injuries than malnourished individuals, however
both well-nourished and undernourished individuals may develop skin integrity issues under certain circumstances.’

Malnutrition is a condition in which a nutritional deficiency or an excess or imbalance of energy, protein, and other
nutrients causes measurable adverse effects on tissue, body structure, body function, and clinical outcomes. Adult
malnutrition usually occurs along a continuum of inadequate intake and/or increased nutrition requirements, impaired
absorption, altered transport, and compromised nutrient utilization. Individuals may also have hypermetabolic and/or
hypercatabolic and inflammatory conditions. The Academy and ASPEN? defines adult malnutrition as the presence of
two or more of the following characteristics:

e Insufficient energy intake

* Unintended weight loss

e Loss of muscle mass

e Loss of subcutaneous fat

e Localized or generalized fluid accumulation

¢ Decreased functional status.

Unintended weight loss is a marker for malnutrition. One of the hallmarks of declining nutritional status is unplanned
weight loss, which has been linked with increased risk for mortality in older adults.*>”# Moreover, anorexia of aging,
a syndrome defined by a reduction in appetite and/or food consumption, weight loss, and altered metabolic state
in older adults, can increase the risk for malnutrition and negative health outcomes.> However, despite the frequent
association of malnutrition with underweight, it is important to note that adults with obesity may also be poorly
nourished.

The Academy and ASPEN* defines pediatric malnutrition as the presence of one or more of the following characteristics
when only one data point is available:

¢ Weight-for-height z score

e BMl-for-age z score

* Length/height-for -age z score

e Mid-upper arm circumference.

Primary indicators to use for pediatric individuals when two or more data points are available:
e Weight gain velocity (< 2 yr age)

*  Weight loss (2-20 yrs of age)

e Deceleration in weight for length/height z score

* Inadequate nutrient intake.

Malnutrition and Pressure Injuries

Malnutrition can impact pressure injury development and healing. Both inadequate nutritional intake and
undernutrition have been linked to the development of pressure injuries, pressure injury severity, and protracted
healing.>8 *1

As discussed in detail in the guideline section Risk Factors and Risk Assessment, poor nutritional status (malnutrition)
and variables that indicate potential malnutrition (e.g., low body weight and poor oral food intake) are independent
risk factors for the development of pressure injuries.'>'* Moreover, it appears that many individuals who are at risk
of developing pressure injuries or have an established pressure injury suffer from unintended weight loss.>'21416
International research identifies the association between nutritional status and pressure injuries. A study in the US
evaluating the care process for hospitalized older adults at risk for pressure injuries (n = 2,425) noted that 76% were
malnourished.” In an Australian study, Banks et al. (2010)'® reported the odds ratio (OR) of having a pressure injury
was 2.6 (95% confidence interval [Cl] 1.8 to 3.5) for adults with malnutrition in acute care and 2.0 (95% CI 1.5 to 2.7)
for adults with malnutrition in aged care. lizaka et al. (2010)® reported that the rate of malnutrition in older adults
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receiving home care in Japan was significantly higher in those with a pressure injury (58.7% versus 32.6%, p < 0.001).
From a large study (n = 1,188) in Belgium, the OR of an older adult with a pressure injury being malnourished was
5.02(95% CI 1.69 to 14.92, p < 0.01)."

Clinical Questions

The clinical questions that guided the development of this chapter were:

e What are accurate and effective methods for assessing nutritional status of individuals with or at risk of pressure
injuries?

¢ What nutritional interventions are effective in preventing pressure injuries?
e Is there an ideal nutritional regimen to reduce the risk of pressure injuries, and if so, what should it include?

e Are any nutritional supplements (e.g. formulas, specific vitamins/minerals) effective in reducing risk of pressure
injury development?

¢ What nutritional interventions are effective in supporting pressure injury healing?
e Is there an optimal nutritional regimen to promote healing of pressure injuries, and if so, what should it include?
e Are any specific oral nutritional supplements or formula effective in promoting healing of pressure injuries?

Nutrition Screening

4.1: Conduct nutritional screening for individuals at risk of a pressure injury.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Direct evidence from a moderate quality Level 1 prognostic study' and two Level 3 prognostic studies?*?' indicates
that being identified as malnourished or at risk for malnutrition through nutritional screening is associated with
being more likely to be at pressure injury risk and more likely to develop a pressure injury. Evidence from a low quality
Level 3 study? suggests that implementation of nutritional interventions occurs faster in individuals identified at
nutritional risk through nutritional screening, and this is associated with up to 50% reduction in pressure injury rates,
decreased length of hospital stay, which could lead to decreased healthcare costs.

Implementation Considerations

e Use asimple, valid and reliable nutritional screening tool? (Level 5).

e The standards of practice for the registered dietitian/nutritionist, through the nutrition care process, recommend
for individuals to be screened on admission to a health care setting. It is advised to re-screen individuals with
each significant change in their clinical condition; and/or if pressure injury healing trajectory is not as expected?
(Expert opinion).

¢ Any qualified member of the health care team may complete nutrition screening 2 (Expert opinion).

e The Mini Nutritional Assessment full version (MNA®) and the Malnutrition Universal Screening Tool (MUST)
screening tools have good psychometric properties when used to screen nutritional status of individuals with or at
risk of pressure injuries'?° (Levels 1 and 4).

e The Nutrition Risk Screening (NRS) 2002, Rapid Screen and the Short Nutrition Assessment Questionnaire (SNAQ)
have good psychometric properties when used to screen nutritional status of older adults?*2>?7 (Level 5).

e The Seniors in the Community: Risk Evaluation for Eating and Nutrition (SCREEN-II AB) has good psychometric
properties when used to screen nutritional status of older adults in community settings?*? (Level 5).

e The Canadian Nutrition Screening Tool (CNST) has good psychometric properties when used to screen nutritional
status of adults in acute care?® (Level 5).
¢ Individuals identified as malnourished, with pressure injuries, at risk for developing pressure injuries, or with

significant change in condition should be referred to the registered dietitian/nutritionist for an in-depth nutrition
assessment?* (Expert opinion).
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Evidence Discussion

Poor outcomes, including the risk of morbidity and mortality, are associated with malnutrition, hence the need to
quickly identify and treat malnutrition when pressure injuries are present. Nutrition screening identifies individuals
who require a comprehensive nutrition assessment due to characteristics that put them at potential nutritional risk.

The nutrition screening tool should be valid, reliable, and relevant to the patient group being assessed. The screening
tool must be appropriate for establishing nutritional risk in all types of individuals, including those with fluid
disturbances and those in whom weight and height cannot be easily measured.?®3' Any qualified member of the
health care team may complete nutrition screening, and it should be conducted on admission to the facility, or at
first visit in community settings. Commonly used screening tools to assess risk for malnutrition in adults include the
MNA®:26:3235 MUST?¢ NRS,3%3" and SNAQ,?> SCREEN®,?%3% and CNST?’ all of which have been explored in validation
studies (see Table 7.1). Additional discussion on nutrition screening in neonates and children, including screening tools
for different child populations, is discussed in the section on Nutrition Management in Neonates and Children at the
end of this chapter.

Table 7.1: Summary of nutrition screening tool validation studies

Evidence for Evidence for
identifyin identifying factors Clinical setting and level of evidence
Nutrition Screening Tool y _g y 5 . g
pressure injury associated with
risk status pressure injury risk

Mini Nutritional Assessment Yes Yes Older adults in community settings' (Level 1)

full version (MNA®) Older adults in long term care * (Level 4)
Older adults with pressure injuries and multiple
comorbidities®? (Level 4)
Older adults at nutritional risk in long term care and
community settings® (Level 5)
Older adults in acute care, long term care and
community settings?® (Level 5)

Malnutrition Universal No Yes Older adults in acute care, long term care and

Screening Tool (MUST)3*® community settings?® (Level 5)

Nutrition Risk Screening (NRS) No No Adults in acute care® (Level 5)

2002% Older adults in acute care, long term care and
community settings? (Level 5)

Short Nutrition Assessment No No Adults in acute care®® (Level 5)

Questionnaire (SNAQ)*'#2 Older adults in residential care? (Level 5)

Seniors in the Community: No No Older adults in community settings® (Level 5)

Risk Evaluation for Eating and

Nutrition (SCREEN®©)?83¢

Canadian Nutrition Screening No No Adults in acute care® (Level 5)

Tool (CNST)*’

Nutrition Assessment

4.2: Conduct a comprehensive nutrition assessment for adults at risk of a pressure injury who are screened to be
at risk of malnutrition and for all adults with a pressure injury.
(Strength of Evidence = B2; Strength of Recommendation = 1)

Evidence Summary

One low quality Level 2 study** provided evidence that a nutrition assessment, as one component of a complex
nutritional intervention program, contributed to increased pressure injury healing as measured on the Bates-Jensen
Wound Assessment Tool. Recognized standards of practice suggest that a comprehensive nutrition assessment involves
a systematic process of collecting, verifying, and interpreting data related to nutritional status.*
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Implementation Considerations

e It is recommended that nutrition assessment is performed by a registered dietitian/nutritionist in collaboration
with an interprofessional nutrition team* (Level 2).

¢ Include the following in a comprehensive nutrition assessment:

Food history and adequacy of nutritional intake

Anthropometric measures (height, weight and body mass index [BMI])

Weight history

Biochemical data (based on patient’s diagnosis/conditions)

Medical tests and procedures

O O 0O 0O O ©o

Nutrition focused physical assessment that includes muscle wasting, edema, micronutrient deficiencies, and
functional status (e.g., handgrip)

o  Ability to eat independently*® (Level 3).
¢ The following items are not recommended for establishing sensitive indicators/markers of nutritional status:

o  Serum albumin, prealbumin and other laboratory values may be useful in establishing overall prognosis but
do not correlate well with clinical observation of nutritional status%244¢5° (Level 5 and expert opinion).

o  Serum protein levels may be affected by inflammation, renal function, hydration, and other factors so are not
a good indicator of nutritional status?244>->' (Indirect evidence and expert opinion).

¢ Inflammatory biomarkers are not recommended for diagnosis of malnutrition%2 (Expert opinion).

Evidence Discussion

All adults screened to be at risk of malnutrition, as well as all individuals with a pressure injury should be referred to a
registered dietitian/nutritionist or an interprofessional nutrition team (including, but not limited to, a physician, nurse,
speech pathologist, occupational therapist, physical therapist and dentist), for a comprehensive nutrition assessment.>?
A comprehensive nutrition assessment is defined as a systematic process of collecting, verifying, and interpreting data
related to nutritional status, and forms the basis for all nutrition interventions.* Research investigating the use of an
interprofessional nutritional protocol for adults in aged care (n = 100) with Category/Stage Il or Ill pressure injuries
demonstrated that nutrition assessment is associated with improved pressure injury healing ** (Level 2).

Serum albumin and prealbumin are generally not considered reliable indicators of nutritional status. Research
demonstrates that changes in acute phase proteins do not consistently or predictably change with weight loss, calorie
restriction or nitrogen balance.* They appear to reflect severity of inflammatory response rather than nutritional
status. Marked inflammation increases the risk of malnutrition by increasing or altering the metabolism and utilization
of protein. Thus the relevance of laboratory values as indicators of malnutrition is limited.? Additional discussion on
nutrition assessment of neonates and children is discussed in the section on Nutrition Management in Neonates and
Children at the end of this chapter.

Nutrition Care Planning

4.3: Develop and implement an individualized nutrition care plan for individuals with or at risk of a pressure
injury who are malnourished or who are at risk of malnutrition.
(Strength of Evidence = B2; Strength of Recommendation = 1)

Evidence Summary

One low quality Level 2 study*® provided evidence that a multidisciplinary nutritional intervention that included
individualized care planning contributed to increased pressure injury healing as measured on the Bates-Jensen Wound
Assessment Tool. The standards of practice for the registered dietitian/nutritionist, through the nutrition care process,
recommend the development of individualized care plan for individuals with compromised nutritional status needing
specific interventions to resolve nutrition diagnosis.2

Implementation Considerations

*  When developing an individualized nutrition care plan, follow relevant and evidence-based guidelines on nutrition
and hydration for individuals who exhibit nutritional risk and who are at risk of pressure injuries or have an
existing pressure injury>*%2 (Level 5).
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* Monitoring and evaluation of nutritional status is an ongoing process.®* Weigh the individual weekly3” or according
to local policy. (Expert opinion).

e The individual’s management plan should be adjusted with each change in clinical condition® (Expert opinion).

Evidence Discussion

A registered dietitian/nutritionist, in consultation with the interprofessional team, should develop and document
an individualized nutrition intervention plan based on the individual's nutritional needs, feeding route and clinical
goals of care, as determined by the nutrition assessment and the individual’s goals. Allen (2013)** demonstrated that
individualized nutrition assessment and care planning for older adults with Category/Stage Il or Ill pressure injuries
(n = 100) is associated with improved wound healing compared with standardized nutrition plans (37% versus 23.4%,
p<0.05)* (Level 2).

Energy and Protein Intake for Individuals at Risk of Pressure Injuries

4.4: Optimize energy intake for individuals at risk of pressure injuries who are malnourished or at risk of
malnutrition.
(Strength of Evidence = B2; Strength of Recommendation = 1)

4.5: Adjust protein intake for individuals at risk of pressure injuries who are malnourished or at risk of
malnutrition.
(Good Practice Statement)

Evidence Summary

Indirect evidence suggests that individuals at risk of pressure injuries and with malnutrition who receive nutritional
supplementation have improved energy intake.5#®> One low quality level 3 study®® in which individuals were provided
with individualized energy intake calculated using the Harris-Benedict equation, there was a reduced incidence of
pressure injuries. Analyses indicate that this intervention is cost effective in some geographic locations.®-¢°

Additional provision of protein is recommended for individuals with acute and chronic disease,’”® and older adults.”
There is currently no research evidence to indicate if higher protein intake reduces the incidence of pressure injuries
in individuals at risk. Reputable guidelines®%707" syggest that increasing protein intake in individuals with or at risk
of malnutrition who may be at pressure injury risk due to illness and/or older age represents good clinical practice.

Implementation Considerations

Energy intake

e Refer to reputable nutritional guidelines for recommended dietary intake (e.g., relevant guidelines produced by
The Institute of Medicine (now known as The National Academies of Sciences, Engineering and Medicine[NASEM]),®
The Academy of Nutrition and Dietetics,”? European Food Safety Authority,> The European Society for Clinical
Nutrition and Metabolism [ESPEN],>°® The American Society for Parenteral and Enteral Nutrition [ASPEN],>*¢%73 and
The Australian National Health and Medical Research Council [NHMRC] together with the New Zealand Ministry
of Health.>® These guidelines recommend calculating energy intake based on individualized circumstances (e.g.,
medical condition, lifestyle, BMI, etc.) (Level 5 and expert opinion).

e Provide and encourage individuals at risk of pressure injuries to consume a balanced diet that includes nutrient
dense foods using the recommended dietary intake for that individual as outlined in reputable nutritional
guidelines.t272556073 (L eyel 5 and expert opinion).

* When dietary intake is inadequate, or deficiencies are suspected or confirmed, provide a vitamin and mineral
supplement’ (Expert opinion).

e Individualized energy intake should be based on underlying medical conditions (Expert opinion).

e Dietary restrictions should be revised or modified/liberalized when limitations result in decreased food and water/

fluid intake. These adjustments should be made in consultation with a medical professional and managed by a
registered dietitian whenever possible” (Expert opinion).

* Energyintake should be adjusted based on weight change or level of obesity or the individual’s diagnosis/conditions
(Expert opinion).
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¢ Inindividuals who are underweight or who have had significant unintended weight loss, additional energy intake
may be required (Expert opinion).

¢ In end-of-life/hospice and palliative care settings, strive to maintain adequate nutrition and hydration compatible
with the individual’s condition and wishes. Adequate nutritional support is often not attainable when the individual
is unable or refuses to eat, based on certain disease states®*’%”” (Expert opinion).

Protein intake

e Refer to reputable nutritional guidelines for recommended dietary intake (e.g. relevant guidelines produced by
The PROT-AGE Study Group,”® The Society for Sarcopenia, Cachexia and Wasting Disease;”! The NASEM,% The
Academy of Nutrition and Dietetics,”?)European Food Safety Authority,>® The ESPEN,*”*® The ASPEN,>*¢7* and The
Australian NHMRC and New Zealand Ministry of Health® (see Table 7.3 for guidance) (Level 5 and expert opinion).

e Protein intake should be 1 to 1.5 g/kg body weight/day for older adults” (Expert opinion).

e Protein intake of 1.2 to 1.5 g/kg body weight/day is recommended for older adults with acute or chronic disease”
(Level 5).

*  Provide adequate protein for positive nitrogen balance for adults at risk of a pressure injury®® (Expert opinion).

e Assess renal function to ensure that high levels of protein are appropriate for the individual, and reassess when
the individual’s clinical condition changes’ (Expert opinion).

Evidence Discussion

Numerous studies have examined the benefits of providing a higher energy and protein intake to adults at risk of
pressure injuries who have or are at risk of malnutrition as a strategy to prevent pressure injury development. The
studies, conducted with adults in palliative care,®® aged care® and acute care,% used a variety of modalities including
encouraging eating,® supplemental snacks,® oral nutritional supplements,®>%® tubefeeding,® peripheral nutrition,%
and parenteral nutrition.®® However, the nutritional regimens and interventions were poorly characterized and no
firm conclusion could be derived.

There is currently no high quality research evidence to indicate if a higher protein and higher energy intakes reduces
the incidence of pressure injuries in people at risk. However, evidenced based clinical guidelines have been published
for adults who do not have a chronic wound. These guidelines recommend protein intake for an adult of at least 1 g/
kg body weight/day®s>77" (Level 5). These recommendations are summarized in Table 7.2 and Table 7.3.

Although adequate water/fluid intake and maintenance of serum protein levels are needed for wound healing, this is
not always achievable in the frail elderly or an individual at end of life.”>8° Additional assistance at mealtimes is often
required by adults and children to prevent weight loss that may increase the risk of pressure injury and poor healing.®'

Table 7.2: Recommendations on energy requirements for populations at pressure injury risk (all Level 5)

Guideline Target Population Energy Recommendation
Trans-Tasman Pressure Adults with pressure injuries at 30 to 35 kcalories/ body weight/day
Injury guideline (2011)3 moderate to high risk for delayed 125 to 145 kjoules/kg body weight/day
healing3
PROT-AGE Study Group Older adults with kidney disease 30 to 35 kcalories/kg
guideline (2013)7° who are at risk of protein-energy
wasting 7°

Older adults with severe injury or  Use indirect calorimetry to estimate energy needs, if
disease”® unavailable, use an appropriate predictive equation
For individuals with obesity, refer to the ASPEN standards for
critically ill adults with obesity.
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Guideline Target Population

Energy Recommendation

ASPEN guidelines (2016
and 2017)%60

Critically ill adults®

Use indirect calorimetry to estimate energy needs, if
unavailable, use an appropriate predictive equation or weight
based formula 25 to 30 Kcalories/kg/day

Use indirect calorimetry to estimate energy needs, if
unavailable, use weight-based equation

BMI >30 to 50: 11-14 kcalories/kg actual body weight/day
BMI >50: 22-25 kcalories/kg ideal body weight/day

Use indirect calorimetry to estimate energy needs, if
unavailable, use Schofield® weight-height or weight equations
or WHO equations®

ESPEN guidelines (2018)°7-58

Use indirect calorimetry to estimate energy needs, if
unavailable, use weight-based equation of 25 kcalories/kg/day

30 kcalories/kg body weight/day, individually adjusted based on
nutrition assessment

Table 7.3: Recommendations on protein requirements for populations at pressure injury risk (all Level 5)

Guideline Target Population

Protein Recommendation

Trans-Tasman Pressure

Injury guideline (2011) 34 high risk for delayed healing3*

Adults with pressure injuries at moderate to

1.25 to 1.5 g/kg body weight/day

Society for Sarcopenia, Older adults
Cachexia and Wasting

Disease (2010)”

1 to 1.5 g/kg body weight/day

PROT-AGE Study Group

Older adults with acute or chronic disease’

1.2 to 1.5 g/kg body weight/day

guideline (2013) 7°

Older adults with severe injury or disease’®

2.0 g/kg body weight/day

ASPEN guidelines (2016

Critically ill adults®®

1.2 g/kg body weight/day

and 2017)39¢0

BMI >30 to 40: 2.0 g/kg ideal body weight/day
BMI >40: 2.5 g/kg ideal body weight/day

Critically ill children®®

1.5 g/kg body weight/day

ESPEN guidelines (2018)>7% Critically ill adults®®

1.3 g/kg body weight/day achieved progressively

Older adults®’

1.2 g/kg body weight/day

Energy and Protein Intake for Individuals with Pressure Injuries

4.6: Provide 30 to 35 kcalories/kg body weight/day for adults with a pressure injury who are malnourished or at

risk of malnutrition.

(Strength of Evidence = B1; Strength of Recommendation = 1)

4.7: Provide 1.25 to 1.5 g protein/kg body weight/day for adults with a pressure injury who are malnourished or

at risk of malnutrition.

(Strength of Evidence = B1; Strength of Recommendation = 1)
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Evidence Summary

Direct evidence from a low quality Level 1 study® showed no significant difference in complete healing associated
with increasing caloric and protein intake using the Harris-Benedict equation with a higher stress factor. A moderate
quality Level 1 study® and low quality level 3 studies showed improvements in some measures of healing (e.g. DESIGN-R
scores).®® A moderate quality economic analysis®® indicated that, although substantial resources may be required,
there may be overall cost savings (depending on the geographic and clinical setting) associated with optimizing
energy intake achieved through a reduction in pressure injury days and an increase in quality-adjusted life years.
Individuals and their informal caregivers identified knowing more about dietary requirements associated with healthy
skin as a priority.®”

A low quality Level 1 study®® reported a significant 12% absolute reduction in pressure injury PUSH scores associated
with protein supplementation compared to placebo. A moderate quality Level 1 study® noted that high intake of
protein was associated with significant improvements in pressure injury size and depth compared to low protein
intake. A third Level 1 study® reported reduction in pressure injury size associated with increasing mean protein intake
from 1.2 g/kg body weight to a 1.4 g/kg/bodyweight; however the intervention also included added arginine, zinc
and antioxidants. A high quality level 2 study®' reported a significant correlation between pressure injury surface area
and dietary protein intake. These findings were supported by low quality Level 3 studies®®> that reported significant
improvements in tissue type rated on DESIGN-R®> and general pressure injury condition® associated with increasing
protein intake. In these studies, there was no impact on renal function of protein intake up to 1.5 g/kg body weight/
day, although in one Level 1 study a small number of participants experienced minor gastrointestinal intolerance.®
A high quality economic analysis® indicated that a nutrition intervention that included increased protein intake
delivered for 16 weeks was associated with reduction in pressure injury days, reduction in care costs and increase in
quality-adjusted life years.

Implementation Considerations
Energy intake

e Individualized energy intake should be based on underlying medical condition and level of activity (Expert opinion).

e Dietary restrictions should be revised or modified/liberalized when limitations result in decreased food and water/
fluid intake. These adjustments should be made in consultation with a medical professional and managed by a
registered dietitian/nutritionist whenever possible (Expert opinion).

e Fortified foods should be offered when nutritional requirements cannot be achieved by normal dietary intake
(Expert opinion).

e Oral nutritional supplements and artificial nutrition should be considered as strategies for reaching the individual’s
caloric intake goals® (Level 7).

e Energy intake should be adjusted based on level of obesity or on the individual’s diagnosis/conditions (Expert
opinion).

¢ In adults who are underweight or who have had significant unintended weight loss, additional energy intake may
be required (Expert opinion).

Protein intake

* Provide adequate protein for positive nitrogen balance for adults with a pressure injury®® (Expert opinion).

e Assess renal function to ensure that high levels of protein are appropriate for the individual, and reassess when
the individual’s clinical condition changes’ (Expert opinion).

Evidence Discussion

In the last three decades, several studies have directly and indirectly addressed the importance of sufficient energy and
protein intake in treating pressure injuries. These studies have generally been conducted in adults of normal weight
range; evidence for nutritional requirements for individual with pressure injuries who are severely underweight,
obese and for neonates and children, is lacking.

Findings demonstrate the interrelationship between meeting energy and protein requirements. For example,
Breslow et al. (1993)°" established that individuals receiving higher protein, higher energy diets achieved statistically
significantly greater reductions in pressure injury surface area compared to baseline than did individuals receiving
a standard diet (p < 0.02). Furthermore, a change in pressure injury surface area was correlated with both dietary
protein (r = 0.50, p < 0.01) and energy intake (r = -0.41, p < 0.03)°" (Level 2). lizaka et al. (2014)%> observed not only
that meeting energy and protein requirements was associated with changes in weight, arm muscle circumference and
serum albumin level, but also that energy and protein intake was associated with wound healing for deep pressure
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injuries (p = 0.013 for both energy and protein)®> (Level 3). Protein intake varied in these studies from 0.95 g/kg body
weight/day®' to 2.1 = 0.9 g/kg body weight/day.?*

Quantifying requirements for energy and protein has been the focus of numerous studies. Lee (2006)%° reported that
providing concentrated, fortified, collagen protein hydrolysate supplement three times daily (each dose 1.5 fluid
ounce dose unit, with each unit containing 15 g hydrolyzed protein) compared to placebo resulted in a 60% reduction
in PUSH scores after eight weeks of treatment compared to a 48% reduction in the control group (p < 0.05) (Level
7). Yamamoto et al. (2009)® demonstrated an improvement in healing of pressure injuries when adults consumed
more than 30 kcalories/kg body weight/day, while those consuming no greater than 20 kcalories/kg body weight/day
experienced worsening or no improvement in healing. Furthermore, a significant difference in daily protein intake
was observed between adults achieving improvements in wound condition and the group with unimproved pressure
injuries (always > 45 g/day versus ~20 g/day, p < 0.005) (Level/ 3). An RCT® (n = 60) investigated the effectiveness of
enteral feeding based on a predictive basal energy equation (BEE) combined with a higher intake of protein 1.62 g/kg
body weight/day, compared to a control group receiving a daily protein intake of 1.24 g/kg body weight/day. Pressure
injuries healed within 12 weeks for seven subjects in the intervention group and four subjects in the control group.
Pressure injury depth decreased steadily in the intervention group (p < 0.05). Although the researchers concluded
that calculating nutritional requirements using BEE x activity factor 1.1 x stress factor 1.3 to 1.5 may be associated
with improved pressure injury healing, the results were limited to immobile older adults receiving enteral feeding
(Level 7). Cereda et al. (2009)°° explored a high energy, high protein (30 kcalories/kg body weight/day with protein
1.5 g/kg body weight/day) nutritional approach in a small RCT (n = 28). This regimen resulted in faster pressure injury
healing compared to a high calorie, normal protein diet (30 kcalories’kg body weight/day with protein 1.2 g/kg body
weight/day). Nonetheless, individuals allocated to the high energy, high protein intervention also received additional
micronutrients (arginine, zinc and antioxidants) that may play an active role in wound healing, therefore residual
confounding could not be excluded® (Level 7).

The findings reported in the studies above and the recommendations made in this guideline are supported by a meta-
analysis®® focusing on measured energy needs in adults with pressure injuries, as well as other reputable guidelines.
In this meta-analysis, Cereda et al. (2011)*® reported that after adjusting measured (indirect calorimetry) resting
energy expenditure for a 1.3 physical activity correction factor (for individuals confined to bed), mean total daily
energy needs are about 30 kcalories/kg body weight/day.

It should be noted that a normal protein diet (16% of total energy) of 30 kcalories/kg body weight/day provides at
least 1.2 grams of protein/kg body weight daily. The amount of protein intake increases to 1.4 g/kg body weight with
a 35 calories’/kg body weight/day diet. In a high protein nutritional support (20% of total energy) the amount of
protein provided to individuals would amount to 1.5 to 1.75 g/kg body weight/day.®® Protein intake should be adjusted
according to kidney function and long term high protein intake should be avoided due to potentially detrimental
effects on kidney and liver function. In absence of relevant co-morbidities, a return to an ideal protein intake of about
1.0 to 1.2 g/kg body weight/day could be advised after complete pressure injury healing has occurred. Nevertheless, it
is important to consider that an insufficient intake of energy increases the individual’s protein requirement.*’

Nutritional Supplementation

Oral nutritional supplements (ONS), enhanced foods, and food fortifiers can be used to combat unintended weight
loss and malnutrition in individuals who are unable to consume estimated requirements by spontaneous (normal)
food intake. Oral nutritional supplements include products that supply nutrients including protein, carbohydrates,
fat, vitamins, minerals, and/or amino acids. Health professionals are advised to review the nutrition labeling on oral
and enteral supplements, to determine micronutrient adequacy.

Nutrition supplementation for neonates and children is discussed in the section on Nutrition Management in Neonates
and Children at the end of this chapter.

4.8: Offer high calorie, high protein fortified foods and/or nutritional supplements in addition to the usual
diet for adults who are at risk of developing a pressure injury and who are also malnourished or at risk of
malnutrition, if nutritional requirements cannot be achieved by normal dietary intake.

(Strength of Evidence = C; Strength of Recommendation = 1*)
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4.9: Offer high calorie, high protein nutritional supplements in addition to the usual diet for adults with a
pressure injury who are malnourished or at risk of malnutrition, if nutritional requirements cannot be
achieved by normal dietary intake.

(Strength of Evidence = B1; Strength of Recommendation = M 1)

4.10: Provide high-calorie, high-protein, arginine, zinc and antioxidant oral nutritional supplements or enteral
formula for adults with a Category/Stage Il or greater pressure injury who are malnourished or at risk of
malnutrition.

(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Nutrition supplements for adults at risk of pressure injuries

One low quality Level 1 study® found that high-calorie, high-protein supplements were associated with a significant
reduction in the incidence of pressure injuries in individuals at risk. This finding was supported by a large, low quality
Level 3 study* and favorable but non-significant results from a smaller low quality Level 1 study.®> However, other high
quality®® and low quality>®” Level 1 studies showed no significant effect in reducing pressure injury incidence for high
calorie, high protein nutritional supplements. The body of evidence is inconsistent, reflecting uncertainty as to the
likelihood that the expected benefits will be achieved. However, there are no known undesired effects, and moderate
quality economic analyses®” % reported cost-savings, including shorter hospital stays, associated with the intervention.
Individuals and their informal caregivers identified knowing more about dietary requirements associated with healthy
skin as a care priority.87:88

Nutrition supplements for adults with pressure injuries

A large low quality Level 1 study® reported a mean of approximately 42% pressure injuries reached complete healing
when high calorie, high protein supplements were provided, which was around 10% more than for standard diet.
A high quality Level 1 study®? reported complete healing rate of around 10%. Differences in healing rates reported
in Level 1 studies might be explained by the large variation in intervention duration of between 3 and 26 weeks.
Significant reduction in mean pressure injury surface area and significant improvement in PUSH scores was reported
in a low quality Level 192 and Level 2°' studies for high calorie, high protein supplementation compared with standard
diets or placebo supplements. Few adverse events were experienced in studies and an economic analysis® indicated
that supplementation was associated with reductions in costs per individual and increases in quality-adjusted life years
associated with more pressure injury-free days. More than two thirds of individuals who have experienced a pressure
injury indicated that receiving guidance on diet to promote health was a priority.*’

There is evidence from a high quality Level 1 study,® to suggest that high-calorie, high-protein oral nutritional
supplements containing arginine, zinc and antioxidants are related to significant improvements in measures of
pressure injury healing and are more effective than high-calorie, high-protein oral nutritional supplements without
specific nutrients. The high quality Level 1 study showed more than three times greater likelihood of a pressure injury
healing when a high-calorie, high-protein oral nutritional supplement containing arginine, zinc and antioxidants is
provided for more than four weeks.® Three moderate quality level 1 studies,®®®° a low quality Level 1 study'® and
low quality Level 4 studies'''% provided evidence for improvements in other wound healing measures including
surface area reduction and improvements on PUSH scale. There are no known adverse events. A high quality cost
analysis'® showed the treatment is associated with cost savings to heal a pressure injury compared with no disease-
specific nutrient supplementation.

Implementation Considerations

e Supplements should be offered when nutritional requirements cannot be achieved by normal dietary intake?*®?
(Level 1).

¢ Supplements should be provided between meals'® (Level 5).

e Supplement dose should be two bottles/day serving an energy density of 1.5 to 2.4 kcalories/mL (Expert opinion).

e Continue supplementation for at least four weeks (Expert opinion).
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Evidence Discussion

Nutritional interventions providing adequate calories and protein are believed to play a pivotal role in reducing the
risk of pressure injuries in individuals with poor nutritional status and/or nutritional deficits. Nonetheless, pressure
injuries themselves are responsible for a deterioration in nutritional status due to increased energy and protein
expenditure and nutrient loss associated with a chronic wound. The provision of extra energy is an important strategy
to improve anabolism. However, individuals with pressure injuries are frequently characterized by impairment in
spontaneous (normal) food intake. Nutritional supplementation is one strategy in satisfying nutritional needs. When
oral feeding is still feasible and safe, ONSs are the first-line strategy to cope with inadequate protein and calorie
intake. Evidence in this area focuses on multi-nutrient supplementation. Limited early evidence'*'%” exploring the use
of a single vitamin has failed to demonstrate a benefit for individuals with or at risk of pressure injuries.

A study conducted by Wilson et al. (1986)'® indicated that healthy older adults who consumed high energy, high
protein ONS between meals experienced better absorption of nutrients, with the least interference to meal intake
(Level 5). This suggests that supplementation should be administered between meals. Consistent with this, a systematic
review'® has found that adherence to ONS, commonly provided between meals, is generally good, especially with
higher energy density ONS, resulting in improvements in the total energy intakes of individuals that has been linked
with clinical benefits.’*®

Nutritional supplements for adults at risk of pressure injuries

Identifying the independent contribution of ONS as a nutrition intervention to reduce the risk of pressure injuries in
high risk and older populations is challenging because of the multifactorial nature of pressure injury risk reduction.
Both retrospective cohort trials** (Level 3) and RCTs>**°7 (Level 1) have mixed findings, with uncertainty surrounding
the efficacy of supplementation in the prevention of pressure injuries. Studies with larger population groups (626
participants* and over 1,500 participants® reported significant findings (Level/ 17 and Level 3) compared with non-
significant findings in studies with smaller population groups (less than 500 participants>®>°7) (all Level 7). In one of
the smaller RCTs,* the ONS intervention resulted in a significantly higher favorable overall clinical course, but a non-
significant reduction in incidence of pressure injuries. These studies were all conducted in older adults in acute or
long term care settings and the studies ranged in length from two weeks to six months, with no obvious association
between study length and results.>459497

However, a quantitative synthesis of the trials reported above has shown that the use of ONS that provides 250 to 500
kcalories for up to 26 weeks is associated with a lower incidence of pressure injuries in individuals at risk of pressure
injuries compared to routine care (OR 0.75, 95% CI 0.62 to 0.89).""° Nonetheless, all studies were consistent for an
increase in protein-calorie intake from this intervention, which is in substantial agreement with available literature
on the use of ONS, particularly when energy dense formula is used.'®

It is worth noting that economic modelling conducted in Australia and based on RCTs found that nutritional support
is cost effective in preventing pressure injuries in hospitalized individuals who are at high risk of pressure injuries.
Compared with standard diet, ONS was associated with a predicted mean decrease in length of hospital stay of 0.52%,
leading to cost efficiencies.’% (Moderate quality economic analysis).

Nutritional supplements for adults with pressure injuries

Evidence on the efficacy of extra protein and energy provision in the healing of pressure injuries is substantial.
Several RCTs>®92 (Level 1) and a non-randomized control trial®' (Level 2) conducted in hospitals, long term care and
community care settings have consistently demonstrated significant improvement in healing of pressure injuries in
individuals receiving high energy, high protein ONS in additional to a usual diet compared to control groups. There
is growing evidence that supports a positive effect on pressure injury healing of adding arginine and micronutrients
(zinc and antioxidants) to high calorie, high protein nutritional supplementation via either ONS or tube-feeding. %1%
90.98,99,102111 (] avels 1 and 3).

Two small RCTs (28°° and 43 participants®) investigating a disease specific nutritional approach as a strategy to promote
pressure injury healing reported improved healing as defined by decreasing PUSH scores, in individuals with Category/
Stage Il or greater pressure injuries in health care centers, hospitals, and long term care facilities. The intervention
in both trials was a high energy, high protein formula fortified with arginine and other micronutrients.®>*® Not only
was the decrease in PUSH score statistically significantly different between the treatment and control groups in both
studies,®®®® but the van Anholt et al. (2010)% study reported significantly fewer dressings were required per week in
the ONS group compared with the control (p = 0.045), and less time was spent per week changing the dressings (p =
0.022). The researchers concluded that a high protein nutritional supplement with added arginine and micronutrients
administered for at least eight weeks may be associated with improved pressure injury healing in older adults who do
not have pre-existing malnutrition.®®% (Level 1).
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To clarify the independent role of specific nutrients in the healing process, the Oligo-Element Sore Trial (OEST),* a
double-blind RCT with 200 participants, compared a high energy, high protein nutritional formula enriched with
arginine, zinc and antioxidants with an active isocaloric, isonitrogenous control formula (500 kcalories and 40 g
protein). After eight weeks of intervention, malnourished adults with (primarily) Category/Stage Il and IV pressure
injuries had a greater mean reduction in wound surface area compared with a high energy, high protein ONS with
no specific nutrients (disease-specific, 60.9%, 95% Cl 54.3 to 67.5 versus control, 45.2%, 95% Cl 38.4 to 52.0; p =
0.026). This equated to an adjusted treatment effect of 18.7% (95% Cl 5.7 to 31.8, p = 0.017). A greater proportion
of complete healing was also observed in the treatment group (16.9%, 95% Cl, 8.2 to 25.6 versus 9.7%, 95% Cl, 2.1
to 17.3, p = 0.10). This equated to an adjusted treatment effect with odds ratio of 2.16 (95% Cl 0.88 to 5.39, p =
0.097). For individuals remaining in the study for at least four weeks, the adjusted odds ratio was 3.71 (95% Cl, 1.05
to 13.16, p = 0.042)*2 (Level 7). However, a similar smaller study (n = 50) of only two weeks’ duration did not result in
a significant difference in change in total PUSH score'® (Level 7). Overall, based on the studies of arginine, zinc and
antioxidants, there is a moderate-to-high body of evidence supporting the positive effect of using high energy, high
protein supplements with arginine and micronutrients to promote pressure injury healing.

Evidence from trials suggest that the length of intervention should be at least four weeks and administration up
to complete healing is advisable. The duration of supplementation has been examined in community dwelling
individuals with spinal cord injury (SCI) resulting in mixed findings. Brewer et al. (2010)'' found that an intervention
group that took 9 g arginine daily experienced superior healing compared to a control group (10.5 = 1.3 weeks to
complete healing versus 21.1 = 3.7 weeks, p = 0.006) (Level 4). Another observational study'? examining the effects
of 9 g arginine/day found no statistically significant difference in time to healing between individuals who ceased
treatment early and those who completed when the analysis was confined to the Category/Stage of pressure injury.
However, when combining analysis of Category/Stage Ill and IV pressure injuries, a 2.5-fold greater rate of healing was
observed for individuals who continued supplementation until full healing compared with those who ceased taking
the supplement (8.5 = 1.1 weeks versus 20.9 = 7.0 weeks, p = 0.04) (Level 4).

Moreover, dispensable amino acids (i.e., arginine) become conditionally indispensable amino acids during periods
of physiological stress. Quantifying the optimal level of arginine has been explored in a small RCT"2 that compared
different doses of arginine for healing pressure injuries in acute inpatient participants. The results indicated there was
no difference in healing outcomes between a 4.5 g/day and a 9 g/day of arginine supplementation (Level 7).

The economic benefits of the disease-specific ONS formula enriched with arginine, zinc, and antioxidants compared
to a high-calorie, high-protein oral support are substantial.®> Although a disease-specific formula cost more money
than a high calorie, high protein ONS without specific nutrients (p < 0.001), in a cost analysis that included direct care
costs (equipment, tests and staffing) administering this ONS resulted in a significant reduction of overall cost of care
(-€74.30, 95% Cl -126.1 to -22.5, p = 0.013), with a substantial incremental cost-effectiveness ratio (ICER; = 95% of
points were in the ‘more effective/less expensive’ quadrant)'* (High quality economic analysis).

Artificial Nutrition: Enteral and Parenteral Feeding

There are individuals who cannot meet their nutritional requirements via normal oral intake, even when ONSs are
provided.

4.11: Discuss the benefits and harms of enteral or parenteral feeding to support overall health in light of
preferences and goals of care with individuals at risk of pressure injuries who cannot meet their nutritional
requirements through oral intake despite nutritional interventions.

(Good Practice Statement)

4.12: Discuss the benefits and harms of enteral or parenteral feeding to support pressure injury treatment in light
of preferences and goals of care for individuals with pressure injuries who cannot meet their nutritional
requirements through oral intake despite nutritional interventions.

(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Due to obvious ethical reasons, there are no randomized trials comparing provision of artificial nutrition (enteral or
parenteral) to no intervention in individuals unable to satisfy requirements by spontaneous (normal) oral feeding. In
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these clinical situations, administering nutrition via other routes (e.g., naso-enteric tube, PEG or parenteral nutrition)
may be discussed with the individual and informal caregivers.

A low quality level 1 study®” and three low quality level 3 studies*>®*''3 indicate that enteral or parenteral feeding have
limited impact on pressure injury incidence in individuals at risk. Although current evidence does not support the use
of enteral or parenteral feeding to prevent pressure injuries, consideration should be given to the individual’s care
goals, overall health and clinical needs beyond pressure injury prevention and treatment.

In adults with pressure injuries, two moderate quality level 1 studies showed that high calorie, high protein enteral
or parenteral supplements lead to improvements in some measures of pressure injury healing compared to standard
formulas.®*® A moderate quality level 3 study had conflicting findings; however, these findings could be because
pressure injuries were often more severe in individuals who received enteral feeding in the clinical studies. For
example, Breslow et al. (1991)"* found a significant positive correlation between amount of enteral formula received
and pressure injury surface area (r = 0.59, p < 0.04).

Implementation Considerations

e Parenteral and enteral feeding should be administered by qualified professionals using a monitoring protocol®
(Expert opinion).

e Tolerance of enteral feeding should be evaluated daily through physical examination, regularity of stool and flatus,
and experience of gastrointestinal signs and symptoms (e.g., vomiting, abdominal distension, nausea, discomfort,
etc.)® (Expert opinion).

¢ Routine assessment should confirm that individuals are actually receiving the amount of tube-feeding solution
prescribed (Expert opinion).

Evidence Discussion

If oral intake is inadequate, enteral or parenteral nutrition may be recommended if consistent with the individual’s
wishes. Enteral (tube) feeding is the preferred route if the gastrointestinal tract is functioning. The risks and benefits
of nutrition support should be discussed with the individual and informal caregivers early on and should reflect the
individual’s preferences and goals for care.

Special considerations in palliative care settings

The overriding concerns in palliative care and end of life/hospice care are to provide comfort and minimize symptoms.
If providing supplemental nutrition assists in providing comfort to the individual and is mutually agreed upon by the
individual, family caregivers, and health professional, then supplemental nutrition (in any form) is very appropriate
for palliative or end of life/hospice wound care. If the individual’s condition is such that to provide supplemental
nutrition (in any form) increases discomfort and the prognosis is expected to be poor, then providing supplemental
nutrition should not be a concern and is not appropriate for palliative or end of life/hospice wound care. An individual
receiving palliative care who does not have pressure injury healing as a goal can be allowed to consume the type and
amount of food and fluids as desired.”

Parenteral/enteral feeding in individuals at risk of pressure injuries

The limited volume of research evaluating the benefits of utilizing enteral and parenteral nutrition for the prevention
of pressure injuries shows that this modality has no impact on the incidence of pressure injuries® '3 (Levels 1 and 3).
The high acuity of the acute care and long term care populations in the trials appears to be a factor that both increases
risk of pressure injuries, and contributes to the decision to trial enteral or parenteral feeding.*>®*''3 For example, in
one study,’ individuals who received enteral feeding were at significantly greater risk of pressure injuries and had
significantly lower BMI than individuals who did not receive enteral feeding. The lack of comparable populations
therefore confounded the overall finding that enteral feeding did not contribute to a decrease in incidence of pressure
injuries' (Level 3).

Other factors might also contribute to the lack of significant findings in the available research. One of the trials was
conducted over only two weeks;*” however, the other trials were of eight weeks,'" twelve weeks* and four years in
duration.®® In one of the studies, a number of other factors beyond the nutrition intervention were associated with
incidence of pressure injuries in individuals in long term care, including, water/fluids provided, medications, and
staffing patterns* (Level 3). Comorbidities that may have influenced the results were not reported in another study®
(Level 3).

Due to the quality of the research available, it remains unclear if timely and sufficient parenteral or standard enteral
feedings provided to individuals at risk for pressure injuries would reduce prevalence.
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Parenteral/enteral feeding in individuals with pressure injuries

There is a limited volume of research evaluating the benefits of utilizing enteral and parenteral nutrition for the
treatment of pressure injuries that demonstrates this modality has a positive impact on the healing of pressure
injuries.®%0 (Levels 1 and 3). Although small (60 participants® and 28 participants®®), both high level studies
emphasize a link between nutrition support in the form of high protein and disease specific enteral feedings and a
decrease in incidence of pressure injuries in older adults®**° (Level 7). Although one cohort study failed to identify
a link between PEG supplementation and significant improvements in pressure injury healing compared to an oral
diet, the individuals received PEG feeding had substantially more severe pressure injuries at commencement of the
intervention' (Level 3).

Using aggressive nutrition support may not be beneficial in all individuals and it is not risk free. Individuals receiving
enteral nutrition via a PEG or nasogastric tube had significantly more major complications (e.g. weight loss, pneumonia
and death) that were deemed to be related to the intervention compared to individuals receiving an oral diet (61%
versus 34%, p<0.01) in one study'"® (Level 3). Harvey et al. (2016)'"® reported no significant change in mortality rate
when utilizing parenteral nutrition support over enteral nutrition support in critically ill individuals (Level 7). Teno et
al. (2012)"> reported that feeding via PEG tubes that may be related to increased diarrhea, increased immobility or
comorbidities, but this was not investigated (Level 3).

Hydration

Water serves as the solvent for vitamins, minerals, glucose and other nutrients. Water is also needed to transport
nutrients through the body, and to eliminate waste products. In healthy individuals who are adequately hydrated,
water released from food and metabolism accounts for 20% or more of total water intake."” Total water needs
include the water content of food."” Note that not all fluids contain water; requirements are based on water needs.

Calculate individual water/fluid requirements. Various formulas have been used to calculate adequate daily water/
fluid needs. Evidence-based guidelines recommend that water requirements be calculated as 1 mL/kcalorie/day.’*'®
Individuals with elevated temperature, vomiting, profuse sweating, diarrhea, and/or heavily exuding wounds often
require additional water/fluid intake to replace losses.?* Individuals consuming high levels of protein may also require
additional water intake.

Oral nutritional supplements and enteral feedings normally contain 75% water from its total volume. For the specific
amount of free water in each enteral formula, refer to each product’s nutrition label.

4.13: Provide and encourage adequate water/fluid intake for hydration for an individual with or at risk of a
pressure injury, when compatible with goals of care and clinical condition.
(Good Practice Statement)

Implementation Considerations

e Provision of hydration must be consistent with the individual’s comorbid conditions and goals (Expert opinion).

* In healthy people, water/fluid intake should be approximately 30 mL/kg body weight/day or 1 mL/kcalorie/day.341®
Fluid intake is often restricted for individuals with heart or renal failure (Expert opinion).

¢ Provide additional water/fluid for individuals with dehydration, elevated temperature, vomiting, profuse sweating,
diarrhea, or heavily exuding wounds. Individuals consuming high levels of protein may also require additional
water/fluid (Expert opinion).

e Monitor individuals for signs and symptoms of dehydration including change in weight, skin turgor, urine output,
elevated serum sodium, and/or calculated serum osmolality (Expert opinion).

Nutrition Management in Neonates and Children

Neonates and children (individuals up to the age of 18 years) are at high risk of nutritional deficiencies due to
having an increased nutritional requirement per unit weight to meet normal growth needs, as well as having smaller
appetites and dietary intake. Additionally, children at risk of or with a pressure injury for the most part have other
severe acute or chronic comorbidities (including malnutrition) that influence both nutritional requirements and the
ability to absorb and utilize there nutritients.'®12°

Although this section includes recommendations specific to neonates and children, information throughout the rest of
this chapter is also relevant to child populations. The section in this chapter on Nutrition Care Planning is appropriate
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to the care of neonates and children. The section in this chapter on Energy and Protein Intake for Individuals at Risk
of Pressure Injuries includes guidance on intake requirements for children. The discussion and recommendations in
the chapter sections Artificial Nutrition: Enteral and Parenteral Feeding and Hydration are also broadly relevant to
neonates and children.

Nutrition assessment, selection of the appropriate mode of feeding, frequent monitoring, strategies to promote
adequate intake in an appealing manner, and, when required, nutritional supplements or nutritional support, are all
important considerations in the promotion of wound healing in children.'2!122

4.14: Conduct age appropriate nutritional screening and assessment for neonates and children at risk of pressure
injuries.
(Good Practice Statement)

Implementation Considerations

e Use a simple, valid and reliable nutritional screening tool appropriate for the child population group.'?® (Expert
opinion).

e Critically ill children admitted to the intensive care require a comprehensive nutrition assessment within 48 hours
of admission>® (Level 5).

e Regularly reassess the nutritional requirements of critically ill neonates and children who have, or are at risk of, a
pressure injury. Conduct a nutrition assessment at least weekly for critically ill children®'% (Level 5).

* For neonates and children in critical care, measure and document body weight, height/length and (in children
aged less than 3 years) head circumference. Use z-scores for BMI for age to screen for neonates or children at the
extreme®® (Level 5).

e For premature infants, adjust and correct measurements for gestational age'??> (Expert opinion).

Discussion

A pediatrician, dietitian or other qualified health professional should conduct an age appropriate nutritional screening
and assessment to identify nutritional requirements for neonates and children with, or at risk of pressure injuries. Early
identification of neonates and children with or at risk of malnutrition is important to enable prompt intervention.'??
The Academy and ASPEN“definition of pediatric malnutrition is reported in the Introduction to this chapter. Table 7.4
lists commonly used pediatric nutrition screening and assessment tools.

Table 7.4: Pediatric nutrition screening and assessment tools

Evidence for Screening (S) or L. . .
. . . e . Clinical setting and level of evidence
Nutrition Screening Tool identifying pressure | Assessment (A)
injury risk status tool
Subjective Global Nutritional No S, A Hospitalized children aged 1 month to 18 years'®
Assessment for Children (SGNA)'2* (Level 5)
Children with cerebral palsy aged 1 to 12 years.'?®
(Level 5)
Paediatric Nutrition Screening No S, A Hospitalized neonates and children aged birth to
Tool (PNST)'™?” 16 years'?® (Level 5)
Screening Tool for the Assessment No S, A Hospitalized neonates and children aged 2 to 7
of Malnutrition in Pediatrics years'¥® (Level 5)
(STAMP) 2 Children with spinal cord injury®' (Level 5)
Paediatric Yorkhill Malnutrition No S Hospitalized children aged 1 to 16 years': (Level
Score (PYMS)'3? 5)
Screening Tool for the Risk of No S Hospitalized children from birth to 17 years™> (Level
Impaired Nutritional Status and 5)
Growth (STRONGkids)'* Hospitalized children aged = 1 year and not in criti-
cal care™® (Level 5)

When undertaking nutritional screening and assessment in neonates and children, anthropometric measurements and
growth charts can be used to determine if the child is developing within expected growth patterns.''®'?' However, also
consider the influence of edema and fluid shifts on measures made in critically ill children.!24
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4.15: For neonates and children with or at risk of pressure injuries who have inadequate oral intake, consider
fortified foods, age appropriate nutritional supplements, or enteral or parenteral nutritional support.
(Good Practice Statement)

Implementation Considerations

e Where possible enteral nutrition should be preferred over other methods of providing nutrition requirements*
(Level 5).

e Ensure all neonates and children maintain adequate hydration'?? (Expert opinion).

Discussion

A pediatrician, pediatric dietitian or other qualified health professional should be involved in planning an appropriate,
individualized nutrition plan, and providing caregivers with strategies to promote nutritional intake.’?' Energy needs
should be individualized and determined with consideration to energy expenditure in order to avoid overfeeding or
underfeeding. Energy and protein intake should be determined in consideration of:

e Requirements for normal growth and development

¢ Any nutritional deficiency

e Altered needs associated with critical illness or comorbidities
* Needs associated with wound healing."!

Critically ill children should have their energy expenditure assessed regularly in order to determine appropriate
energy needs. Consider that standard equations are often unreliable in estimating energy expenditure in children'*37
because they are often derived from measurements in healthy children or adults.'?>'3” For these reasons, energy
requirements in neonates and children with a chronic wound are often underestimated.'*® When direct measurement
cannot be made, ensure that any energy expenditure equation that is used to estimate needs is appropriate to the
child’s age and clinical condition appropriate.'® In a review of cohort studies conducted in critically ill children, the
variability of metabolic state and thus the inappropriate nature of providing recommendations on specific intake
goals was highlighted (Level 5);>*'" however, it has been suggested that oral intake should be sufficient to prevent
weight loss and complications associated with nitrogen wasting.' Increases in protein and micronutrients might be
appropriate if wound healing does not progress on the expected trajectory'® (Expert opinion). There is insufficient
evidence to make specific recommendations on the macro- and micronutrient requirements for neonates and children
who have a chronic wound.?>"° For individuals with inadequate oral intake, enteral or parenteral nutrition should
be commenced,® when consistent with the care goals of the child and their informal caregivers Due to insufficient
evidence to support their use in children, supplemental immune-enhancing nutrients (e.g., arginine, glutamine,
antioxidants, etc.) are not recommended for use in critically ill children'® (Expert opinion).
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REPOSITIONING AND EARLY MOBILIZATION

Introduction

Repositioning and mobilizing individuals is an important component in the prevention of pressure injuries." The
underlying cause and formation of pressure injuries is multifaceted; however, by definition, pressure injuries cannot
form without loading, or pressure, on tissue. Extended periods of lying or sitting on a particular part of the body
and failure to redistribute the pressure on the body surface can result in sustained deformation of soft tissues and,
ultimately, in tissue damage? (see the guideline chapter Etiology of Pressure Injuries).

Typically, a painful stimulus caused by the pressure on the tissue will motivate the individual to change position.
Therefore, two primary concerns are the individual's ability to feel pain, and the person’s actual physical ability
to move or reposition.2 Repositioning involves a change in position of the lying or seated individual undertaken
at regular intervals, with the purpose of relieving or redistributing pressure and enhancing comfort. Mobilization
involves assisting or encouraging a person to move or shift into a new position. Individuals who cannot reposition
themselves will require assistance in this activity.

Recommendations in this section of the guideline address the role of repositioning and early mobilization in both the
prevention and treatment of pressure injuries. The recommendations are relevant to all individuals with or at risk of
pressure injuries, unless otherwise stated. Repositioning in relation to heel pressure injuries are discussed in a separate
guideline chapter, Heel Pressure Injuries.

Clinical Questions

The clinical questions that guided the development of this chapter were:

* How often should repositioning be performed to reduce the risk of pressure injuries?

e What criteria should be used to determine and monitor frequency of turning?

¢ What positioning techniques are most effective in redistributing pressure and preventing shear?
e Do programs of early mobilization affect pressure injury rates?

General Repositioning for All Individuals

5.1: Reposition all individuals with or at risk of pressure injuries on an individualized schedule, unless
contraindicated.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Evidence from one high quality Level 1 study? and one moderate quality Level 1 study?> demonstrated that repositioning
individuals more regularly is associated with a lower incidence of pressure injuries. However, the evidence is conflicting
regarding potential differences between different turning frequencies. Evidence from two high*> and one moderate®
quality Level 1 studies showed no significant reduction in pressure injury incidence associated with more frequent
repositioning. However, in one of these high quality Level 1 studies,” all repositioning regimens were associated with
pressure injury incidence below 3.1%. A moderate quality Level 3 study’ reported statistically significant difference
between different repositioning frequencies, reporting an incidence rate ratio of 1.12 (95% confidence interval [CI]
0.52 to 2.42) for frequent repositioning compared with infrequent repositioning.

The Level 1 studies*® demonstrated that different repositioning frequencies (e.g. two, three or four hourly) are all
at least somewhat effective. Reported variations in pressure injury incidence for different repositioning frequencies
could be explained by the range of pressure injury risk for individuals in the studies, and the support surfaces used.
Mattresses used in early studies may also be less effective than contemporary support surfaces. Adverse events
associated with repositioning were a possibility of the individual experiencing increased pain during repositioning.®®
High quality Level 1 evidence and moderate quality Level 3 evidence reported adherence to repositioning regimens
ranging between 53% and 82%.>7 Two high quality economic analyses demonstrated that costs of implementing
frequent repositioning in aged care facilities were not substantial and were related to improvement in quality-
adjusted life years.”®'" Level 5 evidence suggested that patients and informal caregivers place high importance on
understanding more about the role of repositioning in preventing pressure injuries.'?
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Optimal offloading maximizes the redistribution of pressure away from bony prominences. However, individual
anatomy may vary. Some positions may offload pressure points in one individual but be inadequate in offloading
pressure for another individual.

Implementation Considerations

e The individual's physical, cognitive and psychological condition, and type of support surface in use should be
considered when planning repositioning needs. See recommendations in this guideline chapter on factors
to consider when assessing the need for repositioning and when determining an individualized repositioning
schedule.

* Encourage and educate individuals who are able to regularly reposition themselves when in bed and seated.
For individuals with SCI, provide education on repositioning during initial rehabilitation and regularly thereafter
(Expert opinion).

e Establish and document individualized pressure relief schedules that prescribe the frequency and duration of
weight shifts (Expert opinion).

e Reconsider the frequency and method of repositioning if the individual is not responding as expected to
the repositioning regimen (Expert opinion). See the guideline chapter on Skin and Soft Tissue Assessment
recommendations on assessments of the skin that can be used to evaluate the skin’s response.

e Record when the individual was repositioned, specifying frequency and position adopted, and include an evaluation
of the outcome (Expert opinion).

Evidence Discussion

Repositioning is undertaken to reduce the duration and magnitude of pressure over vulnerable areas of the body
and to contribute to comfort, hygiene, dignity, and functional ability. Because repositioning is considered a necessary
intervention to relieve pressure, most studies do not compare repositioning to no repositioning. However, one
randomized controlled trial (RCT)? (n = 838) has been conducted in a nursing home in which standard repositioning was
not a component of the routine preventive care received by a control group. In this study, the control group (n = 576)
received a range of high specification support surfaces including water mattresses, alternating mattresses, sheepskins
or gel cushions but no standard repositioning. Four intervention groups received preventive regimens that included
a range of repositioning intervals and different support surfaces. Two groups received a standard foam mattress and
were turned either two hourly (n = 65) or three hourly (n = 65). Two groups received a viscoelastic polyurethane foam
mattress and were turned four hourly (n = 67) or six hourly (n = 65). The incidence of Category/Stage Il or greater
pressure injuries was significantly lower in the group receiving four hourly repositioning (odds ratio [OR] = 0.12; 95%
Cl 0.03 to 0.48), and there was a significant increase in the time to pressure injury development for the four hourly
turning group compared to all other groups (p = 0.001).2 However, there were several confounding factors, including
the large variety of support surfaces used and the possibility that the time spent implementing repositioning regimens
in the intervention groups impacted upon the care of individuals in the control group (Level 7).

In study conducted by Moore et al. (2011)> among older adults in 12 aged care facilities, a frequent (three hourly)
repositioning regimen was compared to an infrequent repositioning regimen (six-hourly). The experimental group
were repositioned every three hours using the 30° tilt position (left side, back, right side, back) between 8pm and
8am (n = 99). In the control group, participants received routine repositioning every six hours between 8pm and
8am using 90° lateral rotation (n = 114). Day time care remained routine for all participants. Fewer participants in
the experimental group developed a pressure injury (3% versus 11%; p = 0.03, intracluster correlation [ICC] = 0.001;
incidence rate ratio [IRR] = 0.27 (95% Cl 0.08 to 0.93, p = 0.038, ICC = 0.001). The OR of a pressure injury in the
experimental group was 0.243 (95% Cl 0.067 to 0.879, p = 0.034).2 The six hourly frequency of repositioning in the
control group may not be considered as standard care in many facilities (Level 7).

Numerous studies*’ have explored the influence of different repositioning frequencies on pressure injury incidence
in aged care, acute care and critical care settings, but report conflicting findings. In the critical care setting, Manzano
et al. (2014)¢ compared repositioning two hourly or four hourly among individuals who were mechanically ventilated
(n = 164). Participants were repositioned either two or four hourly in three positions (left and right 30° tilt position
plus supine with 30° elevation). No significant difference was observed in pressure injury incidence between the two
hourly turning group (10.3%) and the four hourly group (13.4%; unadjusted hazard ratio [HR] 0.89, 95 % CI 0.46 to
1.71, p = 0.73). Although repositioning was interrupted for those experiencing hemodynamic or respiratory instability,
compliance with the assigned regimen did not differ significantly between the groups (both approximately 60%). As
with the Vanderwee et al. (2007)* study, this RCT also lacked statistical power to measure a clinically significant effect
(Level 1).

Vanderwee et al. (2007)* followed 235 individuals in aged care who all received a viscoelastic foam mattress. In the
intervention group, individuals were repositioned to alternate two hours in a lateral position and four hours in a

116



CLINICAL PRACTICE GUIDELINE 8 REPOSITIONING AND MOBILIZATION

supine position. The control group were repositioned every four hours, first in lateral and then in supine. There was
no statistically significant difference in incidence of Category/Stage Il or greater pressure injuries (16.4% versus 21.2%,
p = 0.40). However, the study did not recruit enough participants to meet the desired power?* (Level 7). Also conducted
in an aged care setting, Bergstrom et al.’s (2013)°> Turning for Ulcer ReductioN (TURN) study sought to determine
optimal repositioning frequency for older adults (n = 942). Residents at moderate or high risk for pressure injuries
according to the Braden Scale were randomly allocated using risk stratification to a repositioning schedule of two,
three or four hourly. All individuals were placed on high density foam mattresses, although the brand of mattress
varied among study sites. There was no significant difference in pressure injury incidence according to repositioning
regimen (2-hourly, 2.5%; 3-hourly, 0.6%; 4-hourly, 3.1%, p = 0.68), nor was there a statistically significant difference
in the incidence of pressure injuries between the high and moderate risk groups (p = 0.79). The study was limited to
three weeks and relied on documentation and monthly fidelity checks to determine if there was compliance with the
assigned regimens (Level 1).

In a cohort study investigating the association between being frequently repositioned and pressure injury incidence in
an acute care setting,” individuals at high risk based on Braden Scale score had a lower incidence of pressure injuries
if they were frequently turned (IRR = 0.39, 95% Cl 0.08 to 1.84). In this three-week study, turning was considered
frequent if there were at least 12 repositionings per day. The investigators relied upon nursing documentation as the
sole indicator that an individual had been repositioned (Level 3).

For a very limited number of medical conditions where movement destabilizes the condition of those who are critically
ill, it may not be safe to turn the individual.”> Recommendations specific to repositioning critically ill individuals are
included in this chapter.

Many individuals may have some mobility limitations but are still able to actively redistribute pressure. For example,
most individuals with SCI can actively participate in pressure redistribution through repositioning, unless they have
comorbidities that interfere with bed and seating mobility. Bed mobility (e.g., rolling, side-lying, prone positioning
and recumbent positioning) and seated weight redistribution (shifting, pelvic and leg repositioning) should be taught
during initial rehabilitation and then retrained and reinforced during ongoing admissions and contacts with health
professionals.' The guideline chapter Quality of Life, Self-Care and Education includes evidence on education needs
and strategies.

Repositioning Frequency

5.2: Determine repositioning frequency with consideration to the individual’s level of activity and ability to
independently reposition.
(Strength of Evidence = B2; Strength of Recommendation = 1)

Evidence Summary

A moderate quality Level 4 study'™ provided evidence that when individuals can reposition independently, they
experienced no pressure injuries. The study showed that individuals repositioned themselves within a four-hour
duration.’ Indirect evidence from observational studies'®'® showed that many hospitalized adults are independently
mobile and active. Observed individuals reposition themselves regularly in bed (or in the chair if they are wheelchair
bound). One study classified hospitalized adults as sedentary although they continued to perform self-initiated activity
frequently. Understanding the individual’s level of activity and ability to reposition themselves helps determine the
frequency and amount of assistance they will require in repositioning.

Implementation Considerations

e Undertake an assessment of the individual’s level of activity and ability to reposition independently as a part of
every risk assessment.2>2 Information on indicators of mobility and activity are discussed in the guideline chapter
Risk Factors and Risk Assessment.

* Ensure that self-repositioning is effective in adequately off-loading bony prominences (Expert opinion). Refer to
Recommendation 5.14 for more discussion on pressure relieving maneuvers that can be used by individuals who
are able to self-reposition in a seated position.

* Recognize that some individuals may be damaging tissues with excessive movement. For example, individuals with
agitation or who regularly drag when self-repositioning can expose the skin and tissue to shear forces (Expert
opinion).
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Evidence Discussion

When planning an individual’s repositioning schedule, it is important to first assess risk of pressure injuries, paying
particular attention to level of activity and mobility, because individuals with reduced activity and mobility are more
prone to pressure injury damage.

A 3-month prospective case series conducted in an acute care setting' explored whether self-repositioning by
individuals (n = 112) was sufficient to prevent pressure injuries. A continuous pressure mapping system was used to
detect pressure distribution of individuals who had the ability to move in bed without assistance. Only two participants
had a duration of four hours or more with no movement, indicating that self-repositioning occurred regularly. No
individuals experienced a pressure injury. However, 61% percent of participants were aged under 65 years and 75%
had a Braden Scale score above 18, suggesting the study population had relatively low risk for pressure injuries.
Additionally, 84% of participants were followed for 24 hours or less (Level 4).

A number of studies'®' provide indirect evidence analysing individuals who are able to self-reposition. Although
these studies do not provide evidence on the relationship between pressure injury incidence and activity, they provide
information on the repositioning patterns of individuals in a variety of clinical settings.

Mclnnes et al. (2013)'® established that hospitalized individuals (n = 26) assessed as being at risk of developing a
pressure injury reposition themselves regularly throughout the day. Movement data collected by trained observers
showed the median number of position changes was 3.0 (IQR 2.50, range 1 to 9) on day shift, 4.0 (IQR 3.0, range 0 to
7) on afternoon shift and 4.0 times (IQR 3.0, range 1 to 8) overnight. Participants primarily assumed the supine (46° to
90°) position or sat out of bed in the early part of the day and were more often observed in the supine position (1° to
45°) in the latter part of the day’® (Level 5). In an analysis of 52 participants in hospitals and nursing homes, Kallman,
et al. (2015)?° explored factors associated with repositioning induced by nursing staff, as well as the individual’s
own spontaneous movement frequency. There was a large variation in the frequency of spontaneous movements
during both day (median 16, Q1 5 to Q3 52) and night (median 10, Q1 4 to Q3 33). Analgesics were positively related
to the spontaneous movement frequency and psycholeptics had a negative association with self-repositioning. No
relationship was established between staff induced repositioning and the frequency of spontaneous movement;
however, nurses more often repositioned individuals assessed as having a high risk pressure injury risk?® (Level 5).
Chaboyer et al. (2015)'¢ observed hospitalized individuals at risk of pressure injury (n = 84) in order to describe physical
activity patterns (duration of activity, repositioning frequency). Participants with reduced mobility wore a physical
activity monitor for a continuous 24-hour period. Data showed that most time was spent in sedentary activity (94%
+ 3%), although the median number of position changes (change of posture at least of 10° maintained five minutes
or longer) was 94 times over 24 hours (range 11 to 154).'® These findings indicate that repositioning of individuals
with some degree of restricted mobility occurred regularly; however, it was not known whether this was performed
independently or with assistance (Level 5). Finally, Sonenblum et al. (2016)' reviewed the pattern of self-positioning
of individuals with spinal cord injury (SCI, n = 28) who were independently mobile in wheelchairs. Individuals weight-
shifted an average of 2.4 + 2.2 times per hour and performed pressure reliefs an average of 0.4 = 0.5 times per hour.
These repositioning patterns represented primarily male individuals with a mean age of 41 years who were active in
their wheelchairs for between four and ten hours per day." It was unclear if the extent of repositioning adequately
provided relief to the tissues.

5.3: Determine repositioning frequency with consideration to the individual’s:
e Skin and tissue tolerance
¢ General medical condition
¢ Overall treatment objectives
e Comfort and pain.
(Good Practice Statement)

Implementation Considerations

* Regularly assess the individual’s skin condition and general comfort. Reconsider the frequency and method of
repositioning if the individual is not responding as expected to the repositioning regime (Expert opinion).

e Refer to the Skin and Tissue Assessment chapter for evidence-based recommendations on assessing skin and tissue
tolerance.

e Evaluate the need for analgesia prior to scheduled repositioning. When required, pre-medicate the individual 20
to 30 minutes prior to assisting with repositioning. Refer to the Pain Assessment and Management chapter for
evidence-based recommendations on assessing and managing pain.
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Discussion

No support surface provides complete pressure relief. Pressure is always applied to some area of the skin. Turning and
repositioning for pressure redistribution must therefore occur regularly. The frequency of turning may vary with the
pressure redistribution capacity of the support surface; however, the individual’s response to pressure should always
guide turning frequency. High risk individuals with poor tissue tolerance may require more frequent turning.

Frequent assessment of the individual’s skin condition facilitates timely identification of the early signs of pressure
damage and, as such, their tolerance of the repositioning regimen. A number of Level 1 and Level 2 prognostic
studies®*3* indicate that skin changes are associated with increased risk of pressure injuries. Odds ratio of developing
a Category/Stage Il or greater pressure injury when non-blanchable erythema was identified ranged from 3.25 (95% ClI
2.17 t0 4.86)3° to 7.98 (95% Cl 2.36 to 39.97).32 Identifying skin changes early by conducting a skin assessment enables
health professionals to adjust repositioning (and other interventions) to prevent pressure injuries. If changes in skin
condition should occur, the repositioning care plan needs to be re-evaluated.

Ongoing assessment of the skin is necessary in order to detect additional skin damage. Skin that is still reddened
from a previous episode of loading may be damaged and undergoing an inflammatory response or may still be in
the process of tissue reperfusion. Slower and/or diminished reactive hyperemic responses have been demonstrated
in individuals at risk of pressure injuries, including the elderly,?*3" critically ill individuals,® smokers,3 individuals
with diabetes mellitus,*“? and individuals with SCI.*>“¢ The rate of reperfusion is slower after the area is unloaded,
and reperfusion may ultimately be inadequate to offset the oxygen debt created during periods of loading. These
individuals may require either a longer recovery time before reloading a body surface and/or a support surface with
better pressure redistribution.

General medical condition can influence how oftenitis possible to reposition the individual. Individuals who are critically
ill may experience dyspnea or hemodynamic instability unless a specific position is maintained. It is also important to
take into consideration the individual’s overall treatment objectives. For example, certain medical conditions, such as
respiratory or cardiac disorders, may mean that the individual becomes very dyspneic or hemodynamically unstable
unless cared for in a particular position.

When determining repositioning frequency, consideration should be given to the individual’s experience of pain,
including both comfort and pain lying in one position and any pain experienced during repositioning.®® Evidence from
a study in general hospital populations (i.e., individuals without pressure injuries) showed that pain is experienced
during repositioning. The pain mean score on an 11-point numerical rating scale during repositioning was 4.9 =
3.18 (Level 5). The experience of pain during repositioning was also reported in a qualitative study conducted in
individuals with multiple sclerosis and pressure injuries. Participants reported pain during movement and pain related
to repositioning equipment?® (Level 5). Comfort is of primary importance and may supersede preventive repositioning
for individuals who are actively dying or have conditions causing them to have only a single position of comfort.

5.4: Implement repositioning reminder strategies to promote adherence to repositioning regimens.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Two Level 1 studies, one of high quality*” and one of moderate quality*® demonstrated that a facility-based intervention
could improve health professional compliance with repositioning, leading to a reduction in pressure injury incidence.
Auditory or visual feedback systems (in the evidence — wearable patient sensors*’ and musical chimes*) can cue health
professionals to round or undertake required repositioning. Health professional compliance with repositioning was
significantly increased by 20% when the intervention was implemented in one of the studies.*” Compliance with
repositioning regimens was sub-optimal, reported at 67% in a study that implemented a facility-wide reminder
system,* with indirect evidence suggesting the individual’s gender, body mass index (BMI), age and Braden Scale
score influence compliance rates.*® Resource requirements and feasibility are likely to vary widely based on the type
of intervention selected and the facility’s location.

Implementation Considerations
¢ Select arepositioning reminder system (e.g., audio system or visual feedback) that is customized to the care setting.
(Expert opinion)

*  Reminder systems have been successfully used as a component in a multi-faceted quality improvement bundle’%->3
(see the guideline chapter on Implementing Best Practice in Clinical Settings).
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Evidence Discussion

A number of studies**® indicate that adherence by health professionals to repositioning regimens can be less than
optimal. Pickham et al. (2018)* conducted a secondary descriptive study of turning data obtained from a RCT
conducted in critical care. Data on turn angle magnitude or depressurization time was obtained for individuals (n
= 555) with a wearable sternal sensor. A turn was categorized as having been performed when an angle above 20°
was attained and maintained for at least one minute after turning. Compliance was recorded as 54%, with 39% of
observed turns reaching the minimum angle threshold and 38% of individuals remaining in position for at least 15
minutes (depressurization). Nurses were less likely to be compliant with the repositioning regimen for individuals with
a high BMI, those with lower Braden Scale score and for males. The findings reported by Pickham et al. (2018)* were
similar to those of Vanderwee et al. (2007),* who reported adherence to two and four hourly repositioning regimens
by health professionals in an aged care setting as approximately 60%.

Interventions have been developed to promote compliance of health professionals with repositioning regimens.
Yap et al. (2013)* trialed an intervention designed to prompt nurses and ancillary staff to reposition or encourage
mobilization for individuals every two hours in a 12-month RCT conducted in ten long-term care facilities (n = 1,928).
The intervention, which consisted of musical cues played over the public announcement system every two hours
during daytime hours, was delivered in four facilities for 12 months. Four control facilities provided standard care
for six months, then delivered the intervention for six months. A further two facilities provided standard care for the
full 12-month study period. Odds ratio of a new pressure injury were lower in the intervention facilities (p = 0.08) for
Minimum Data Set (MDS) 2.0 assessments and were significantly lower (p = 0.05) for MDS 3.0 assessments. Mean odds
ratios suggested individuals in intervention facilities were 45% less likely than individuals in the comparison facilities
to develop a new pressure injury (Level 1).

Cues to undertake repositioning, including a visual turn clock placed at the bedside>? (Level 2), musical cues played
in the facility>*®' (Level 2), and visual note flagging the bed of individuals at high risk of pressure injuries®? (Level
2) have been included as components in comprehensive, multi-faceted quality improvement programs. However,
the contribution to reduction in pressure injuries from these individual interventions is hard to determine due to
numerous prevention initiatives being used in these pressure injury prevention bundles. Further discussion is included
in the guideline chapter Implementing Best Practice in Clinical Settings.

Two trials*’* have explored the use of sensors and feedback data to assist health professionals to adhere to a
repositioning regimen. In one study,> a pressure mapping device was placed under individuals at high risk of pressure
injuries (Braden Scale score < 12) and pressure images were relayed to a monitor. An alarm sounded in the nurses’
station at a time interval set by the facility (in this study, every two hours). When reinforced by regular education
and mandatory staff meetings, the system increased the frequency of repositioning from a mean of 240 minutes to
a mean of 164 minutes. However, the study did not report the intervention’s influence on pressure injury incidence
(Level 5). Pickham et al. (2018)*” conducted a large RCT (n = 1,312) in two intensive care units (ICUs) to assess whether
a wearable sensor promotes optimal turning practices through increasing compliance of health professional with
repositioning regimens, thereby preventing pressure injuries. The intervention group wore a sensor placed on the
sternum that transmitted data regarding the individual’s positioning, allowing analysis of the frequency and extent
of repositioning. The group wearing the sensor experienced significantly fewer pressure injuries than the control
group receiving usual care (0.7% versus 2.3%, OR = 0.33, 95% Cl 0.12 to 0.90, p = 0.031). The total time with turning
compliance was statistically significantly higher in the intervention group (67% versus 54%, 95% Cl 0.08 to 0.13, p
< 0.001), with the effect being more pronounced in individuals at high risk of pressure injuries (67% versus 47%, p
< 0.001). However, turning magnitude and time with adequate pressure relief to tissues (in this study, at least 15
minutes) were not statistically different between groups (p > 0.05 for both) (Level 1).

Repositioning Techniques

5.5: Reposition the individual in such a way that optimal offloading of all bony prominences and maximum
redistribution of pressure is achieved.
(Good Practice Statement)

Implementation Considerations

e Check all pressure points when repositioning the individual to ensure that pressure has been adequately offloaded
according to repositioning goals (i.e., check that pressure points are receiving the relief that repositioning aims to
provide) (Expert opinion).
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e When repositioning individuals in the lateral side-lying position, offload the sacrococcygeal area without placing
pressure on the trochanter (Expert opinion).

e Teach individuals who are able to provide some or all of their own pressure relief to reposition correctly and to do
‘pressure relief lifts’ or other pressure relieving maneuvers as appropriate (Expert opinion).

* Pay particular attention to the individual’s heels, which can be inadvertently exposed to continuous pressure even
when the individual is repositioned frequently. The guideline chapter Heel Pressure Injuries provides evidence-
based recommendations on repositioning the heels.

e In individuals who are sedated and ventilated, particularly neonates and infants, frequently reposition the head
(Expert opinion).

e Avoid positioning the individual directly onto medical devices, such as tubes, drainage systems or other foreign
objects. The guideline chapter Device Related Pressure Injuries provides evidence-based recommendations relevant
to repositioning.

Additional considerations for individuals with a pressure injury
¢ Avoid positioning the individual on bony prominences with existing non-blanchable erythema (Expert opinion).

Discussion

When choosing a position for the individual, it is important to assess whether the pressure is actually relieved or
redistributed. For example, it is possible to inadvertently place the individual in a position such that smaller areas of
the body, such as the heels, are continuously exposed to pressure. Assessment of the individual’s skin condition will
indicate areas of the body that are exposed to sustained pressure. Non-blanchable erythema is an indication of the
early signs of pressure damage. Continued positioning on non-blanchable erythema will worsen the damage and
result in more severe pressure injuries.

It is possible to inadvertently position an individual directly on top of a tube, drainage system or other foreign object
(e.g., eating utensils, remote controls). This will cause a localized area of pressure that, if not corrected early enough,
will result in development of a pressure injury. It is important to check that individuals are not lying directly on a
medical device or foreign object (see the chapter Device Related Pressure Injuries).

5.6: Reposition the individual to relieve or redistribute pressure using manual handling techniques and equipment
that reduce friction and shear.
(Strength of Evidence = B2; Strength of Recommendation = 1)

Evidence Summary

One low quality Level 2°° study reported lower rates of pressure injuries associated with low friction turn sheets
compared to a standard turning technique. One moderate quality Level 4 study®® provided evidence that pressure injury
incidence is around 5 to 7% lower in facilities that provide more powered manual handling equipment. Individuals in
facilities with fewer mechanical lifting devices were more likely to be assessed as bedbound, increasing their pressure
injury risk. However, having more powered mechanical lifts was associated with a small but statistically significant
increase in fall incidents, which translated to an increased rate of fractures.’® There was no evidence available on
resource requirements or acceptability to individuals or their caregivers.

Implementation Considerations

e Avoid dragging when repositioning the individual because this may result in friction and shear (Expert opinion).

e Use moving and handling equipment to reposition the individual. Appropriate equipment assists in lifting the
individual and reduces unintended drag (Expert opinion).

¢ Promote comfort when repositioning individuals (Expert opinion). Refer to Recommendation 11.3 in the guideline
chapter Pain Assessment and Treatment for further discussion of the role of repositioning in managing pressure
injury pain and in balancing comfort and repositioning at end-of-life.

¢ Do not leave moving and handling equipment under the individual after use, unless the equipment is specifically
designed for this purpose (Expert opinion).

* Moving and handling equipment manufactured from fabrics designed to reduce the risk of pressure injuries may
be available.’” The guideline chapter on Preventive Skin Care presents evidence on low friction fabrics.

e Provide individuals with assistive devices to promote bed and seated mobility'* (Expert opinion).
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Evidence Discussion

Pressure injuries occur because of sustained mechanical loading and shear forces. Principles of safe manual handling
that prevent exposure of skin to pressure and shear forces should be used to ensure safety of both the individual and
the health professional. Individuals should never be dragged during transfer or repositioning. Rather, use devices and
techniques that reduce risk of friction and shear (e.g., mechanical lifts, transfer sheets, two- to four-person lifts, and
turn-assist features on beds). Use of a low friction turn sheet to reposition individuals in a trauma unit (n = 59) was
associated with a lower rate of pressure injuries compared to positioning using standard manual handling techniques
(20% versus 3.4%, p = 0.04). However, the study results could have been influenced by the use of different positioning
aids (i.e., wedges and pillows of different quality) between the groups® (Level 2). A cross-sectional survey of 271 long
term care facilities reported a significantly lower prevalence of pressure injuries in individuals at high risk in facilities
with more than eight powered mechanical lifting (PML) aids compared with facilities that had four or less PML aids
(14.94% versus 9.74%, p < 0.001). Methodological limitations of the study included self-selection of participating
facilities and reliance on self-reported data®® (Level 4).

Moving and handling equipment may create areas of localized pressure resulting in additional tissue damage.’
Prolonged sitting on a transfer sling may increase heat, moisture and pressure. Sling material may interfere with
pressure redistributing qualities of a support surface. Thus, transfer devices should not remain under the individual
after use, unless the equipment has been specifically designed for this purpose (e.g., low friction textiles, as discussed
in the Preventive Skin Care chapter).

Many individuals with impaired mobility may still be able to actively participate in repositioning, for example
individuals with SCI. Individuals should be encouraged to lift rather than drag their bodies during repositioning and
transfers. Appropriate assistive devices (e.qg., sliding boards, bed rails or trapeze bars) assist in minimizing shear and
friction during repositioning.™

5.7: Consider using continuous bedside pressure mapping as a visual cue to guide repositioning.
(Strength of Evidence = C; Strength of Recommendation = <)

Evidence Summary

The evidence on effectiveness of continuous bedside pressure mapping in preventing pressure injuries was mixed.
A high quality Level 1 study®® found no significance on the incidence or severity of pressure injuries when pressure
mapping was implemented in a medical ward. However, a high quality Level 2 study>® and a low quality Level 3
study® both reported significant reductions in pressure injury incidence in medical ICUs when pressure mapping
was used. Patient consumers provided evidence that pressure mapping was not uncomfortable®® on the bed and
health professionals identified the intervention as both helpful in performing repositioning and easy to use,®-¢
but highlighted that education and training is required to implement pressure mapping.®®* No evidence on resource
requirements was identified.

Implementation Considerations

e Health professionals require education, training and coaching when a continuous bedside pressure mapping system
isimplemented in the facility.®* An education intervention that included 15 minutes of verbal instruction and hands
on practice over a one week period significantly improved nursing knowledge®* (Level 5).

e A continuous bedside pressure mapping system may inhibit the technical function of low-air-loss, air fluidized and
other specialty beds by impeding air flow and/or the moisture vapor transmission®¢ (Expert opinion). Excess linen
or incontinence padding could interfere with the accuracy of data from a continuous bedside pressure mapping
system>®® (Expert opinion).

Evidence Discussion

As discussed in detail in the guideline chapter on Risk Factors and Risk Assessment (See Recommendation 1.1), interface
pressure was a significant factor in the majority of studies that included this outcome in multivariable analyses exploring
pressure injury risk factors. Three studies®®%® provided direct evidence on the effectiveness of pressure mapping with
respect to preventing pressure injuries, and two studies®® provided additional indirect evidence on acceptability and
use of pressure mapping. All studies used the same continuous bedside pressure mapping system that displays pressure
points in real-time color imagery, visualizing the distribution of pressure at the body-mat interface.>®

Gunningberg et al. (2017)%® conducted a pragmatic RCT (n = 190) evaluating the impact of pressure mapping, testing
the hypothesis that using real time feedback would improve staff attention to repositioning. The system gave
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immediate feedback to staff about the individual’s pressure points, facilitating the implementation of repositioning.
Both the intervention and control groups received standard pressure injury prevention care; the intervention group
additionally received the pressure injury mapping system from admission to discharge (or 14 days at most). No
significant difference in the prevalence or incidence of pressure injuries (at any anatomical site) was demonstrated.
The incidence rate ratio between the groups was 1.13 (95% Cl 0.34 to 3.79) (Level 1).

However, some studies have demonstrated advantages to using pressure mapping. Behrendt et al. (2014)> conducted a
prospective controlled study (n = 422) in a medical ICU. Participants were assigned to beds equipped with a continuous
bedside pressure mapping system or to standard care only, which included repositioning every two hours. Pressure
injury incidence was 0.9% in the intervention group and 4.8% in the control group (p = 0.02) (Level 2). A retrospective
chart review,® also set in a medical ICU, reported similar results. Incidence of pressure injuries in a cohort (n = 307)
placed on a continuous bedside pressure mapping system was 0.3% compared to 5% in a historical control group (n =
320; p = 0.001)%° (Level 3). These studies used less robust designs than the study reported by Gunningberg et al. (2017),
and both confounding factors (e.g., the clinical condition of the participants that was poorly reported) and education
over time may have contributed to the results.

Studies>®€06263 reporting the perceptions of health professionals who have used a continuous bedside pressure mapping
system suggest that the technology provides increased awareness for health professionals regarding the importance
of pressure injury prevention. Therefore, the intervention can be used as an adjunct to regular repositioning. Health
professionals in a number of studies reported that continuous bedside pressure mapping was easy to use, and the
real-time feedback assisted in selecting positions that relieved pressure®°6263 (Level 5). Continuous bedside pressure
mapping was demonstrated to contribute to the knowledge of health professionals when used as a component of
an education program. Health professionals showed statistically significantly improvement in knowledge scores (p =
0.002). Attitudes toward pressure injury prevention were unchanged; however, the health professionals scored highly
in this area at the study commencement. After delivery of the training and introduction of bedside pressure mapping,
peak interface pressures were significantly lower (p = 0.016), and health professionals implemented more preventive
interventions (p = 0.012) (Level 5).

Repositioning Individuals in Bed

5.8: Use the 30° side lying position in preference to the 90° side lying position when positioning.
(Strength of Evidence = C; Strength of Recommendation = 1")

Evidence Summary

The evidence comparing side lying positions is mixed. A moderate quality Level 1 study® reported use of repositioning
regimen that included the 30° side lying position was associated with a significant reduction in pressure injury
incidence. People who were positioned using a 90° side lying position were 3.7 times more likely to experience a
pressure injury than those who were positioned using a 30° side lying position (OR = 0.27).55 A low quality Level 1 study
found no significant difference in pressure injury rates between the two positions. A moderate® quality Level 4 study
indicated that the 30° side lying position was associated with lower mean skin temperature over the trochanter than
in the 90° side lying position. A low'” quality Level 4 study indicated that the interface pressure was significant lower
in the 30° side lying position compared to the 90° side lying position. A moderate quality economic analysis indicated
that a repositioning intervention that used a 30° side lying position and three hourly repositioning was associated
with lower costs than a repositioning intervention that used a 90° side lying position with six hourly repositioning.®®
Individuals and their caregivers rated positioning in bed as a high priority education topic."

Implementation Considerations

* Encourage individuals who can reposition themselves to sleep in a 20° to 30° side lying position or flat in bed if not
contraindicated (Expert opinion).

¢ Avoid lying positions that increase pressure, such as the 90° side lying position':¢” (Level 5).

e Instruct individuals to follow the recommended regimen of repositioning when they are independent with bed
mobility. When the individual is dependent for bed mobility, health professionals and informal caregivers should
be encouraged to follow this regimen (Expert opinion).

Evidence Discussion

Two studies reported a possible association between the level of lateral tilt and pressure injury incidence. In one study,
the effectiveness of different positioning in reducing pressure injury incidence was examined in older adults (n = 213)
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residing in long-term care.®® Individuals in a control group were repositioned according to standard care (90° side
lying position with repositioning every six hours over night). The intervention group were positioned three hourly
overnight using 30° tilt (see Figure 8.7) and supine position. The 30° side lying position with three hourly repositioning
was associated with significantly fewer Category/Stage | and Il pressure injuries (3% versus 11%, p = 0.03, IRR 0.27,
95% Cl 0.08 to 0.93, ICC = 0.001).%®* The more frequent repositioning used for the intervention group likely influenced
the findings (Level 7). In the second study,®® acutely ill older adults (n = 46) were randomized to receive three hourly
repositioning overnight in either 30° side lying position or 90° side lying position. At 24 hours’ follow-up, there was
no significant different in the rate of Category/Stage | pressure injuries (9% for the 90° side lying position versus 4%
for the 30° side lying position, p > 0.05). There were two sacral pressure injuries in the 90° side lying position and
one sacral pressure injury in the 30° side lying position. Two trochanter pressure injuries occurred in the 30° side lying
position. However, this study was underpowered and had a short follow-up duration. Greater difficulty in attaining
and remaining in the 30° side lying position and more individuals in that group reported difficulty maintain the
position due to joint stiffness, anxiety or pain® (Level 7). A Cochrane review® pooled the findings from these two RCTs
and established that there was no statistically significant difference between using 30° tilt three-hourly overnight or
using 90° lateral rotation overnight (risk ratio [RR] 0.62, 95% Cl 0.10 to 3.97, p = 0.62).

In an investigation of six different lying positions (supine 30° tilt, supine 0°, semi-
fowler with 30° head-of-bed elevation, semi-fowler with 30°elevation of head and legs,
lateral 30° and lateral 90°), Kallman et al. (2013)% found that tissue blood flow and
skin temperature over bony prominences was significantly lower in both lateral 30° and
90° side-lying positions compared to supine tilt positions, with neither position showing
superior effect on outcomes®® (Level 4).

Laboratory studies measuring indirect outcomes in healthy volunteers (n = 83),%” showed
that the 30° tilt position and the prone position resulted in lower interface pressure
measurements than 90° side-lying position, which gave the highest interface pressure
measurement (Level 5). A small study,’” also in healthy subjects, showed that a 20° to
30° tilt position is optimal for reducing peak muscle and fat strain, with the ideal angle
varying according to individual factors including BMI? (Level 5). Figure 8.1: 30" tilt

5.9: Keep the head of bed as flat as possible.
(Strength of Evidence = B1; Strength of Recommendation = &)

Evidence Summary

A small, low quality Level 1 study’’ reported no new pressure injuries associated with using a head of bed elevation
of 30° for one day and 45° for the next day. A small, high quality Level 4 study’ reported a rate of new pressure
injuries of 9.1% when the head of bed was limited to 30° elevation for a median duration of ten days. The inconsistent
findings could be related to the study durations.

Indirect evidence reporting interface pressures as an outcome measure were also inconsistent. The largest study
showed no increase in interface pressure at the sacrum or trochanters when the head of bed was elevated, and scapula
interface pressures decreased as elevation increased.” In other studies, as the angle of head of bed elevation increased
the interface pressure increased at the sacrum’7¢ and heels’® and interface pressure decreased at the scapulas.’® In
another study, sacral interface pressure decreased as the angle of head of bed elevation increased.”” Additional factors
to the angle of head of bed elevation, including BMI, alertness and type of support surface, could influence interface
pressures and explain variations in the findings in the literature.

A low quality Level 1 study’' reported that intubated individuals with gastric tubes had better tolerance for a 30°
head of bed elevation compared with a 45° head of bed elevation.”” However, a high quality Level 4 study reported a
compliance rate of only 53.6% with limiting the head of bed to a 30° elevation.”

Implementation Considerations

¢ Maintaining a flat position should be evaluated with consideration to the individual’s clinical needs and comfort.
When elevating the head of bed, maintain elevations at 30° or lower to minimize soft tissue deformation (Expert
opinion).

e Investigate alternatives to sitting in bed (e.g., sitting out of bed for some duration or during meals or gastric feeds)
(Expert opinion).
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¢ Avoid slouched positions that can increase pressure and shear on the sacrum and coccyx’® (Level 5).
e Consider the individual’s preferences and medical condition when positioning (Expert opinion).

Additional considerations for individuals with a pressure injury
e Avoid seating an individual with an ischial pressure injury in a fully erect posture in bed (Expert opinion).

Evidence Discussion

In supine position with the head-of-bed elevated, the sacrum is subjected to shear stress/strain and pressure. Pressure
and shear are reduced when the head-of-bed is elevated at less than a maximum of 30° (see Figure 8.2).67.747%81

Numerous studies®¢->8647482 provide indirect evidence that interface pressure at the sacrum increases when the head-
of-bed is raised. This evidence suggests that the head-of-bed should be maintained as flat as possible, or below 30°
elevation. In critically ill individuals at high risk of pressure injuries, Grap et al. (2016)% established that interface
pressure at the trochanter and sacrum increases as the head-of-bed elevation increases. The extent of interface
pressure increases is also influenced by knee angle, BMI and the individual’s movement (Level 5). In immobile, older
adults at high risk of pressure injuries (n = 42), sacral and tuberosity interface pressures were significantly greater (all
p < 0.001) with the head-of-bed elevated at 30°, 45° and 60° compared with a flat position (0° elevation). Head-of-bed
elevation of 15° resulted in a non-significant increase in sacral and tuberosity interface pressure’ (Level 5).

These findings are supported by laboratory-based studies
conducted with healthy volunteers,’>”7# all of which
established that there is a significant increase (p < 0.05)
in trochanter,”® sacral’®’>77 and heel”>’¢ interface pressure
associated with raising the head-of-bed to 30° or higher
30° 30° when the individual is positioned in either supine’”” or 30°
e arlest tilt positions® (Level 5).

Further, two studies’'’? set in ICUs have identified a direct
relationship between head-of-bed elevation and pressure
injuries. In one study,”" 11 individuals at high risk of pressure
injuries were followed for two days to explore the feasibility
of head-of-bed elevation to prevent clinical complications
during ventilation (e.g., pneumonia). Elevation of 30° was compared to 40° head-of-bed elevation.”” No pressure
injuries occurred in the study; however, the small sample size, short trial duration and cross-over trial design with an
insufficient wash out period were significant limitations (Level 7). In a larger (n = 276) observational study,’? the head-
of-bed elevation was measured three times daily for between three and 28 days (mean 20 days). Approximately 45% of
the 6,894 head-of-bed elevation measurements made in the study were 30° or lower. The incidence of pressure injuries
over the course of the study was 9.1%. The primary reasons cited by nurses for non-compliance with maintaining the
head-of-bed below 30° were care needs and the clinical condition of the individual’? (Level 4).

© NPUAP/EPUAP/PPPIA 2014

Figure 8.2: Maximum head of bed elevation

Elevating the head of the bed may be medically necessary to facilitate breathing and/or prevent aspiration and
ventilator associated pneumonia.”’’?2 In these cases, semi-Fowler’s position is preferred.®’ Individuals should be
positioned and supported to prevent sliding down in the bed and creating shear forces. A reclined or slouched posture
should be avoided, as this causes weight bearing and shear on the sacrum and/or coccyx. Flexing the knees and
positioning with pillows under the arms may prevent some sliding and slouching when the head-of- bed is elevated.
For individuals with a pressure injury on the sacrum and/or coccyx, sitting erect on the side of the bed while eating
may be a preferred option. Some integrated bed systems transform into a chair position; if such a bed is used, ensure
that pressure is not placed directly on the pressure injury in this position, and place pillows under the arms to prevent
slouching and sliding.

One study® investigated a positioning maneuver designed to decrease interface pressure and increase comfort for
individuals in a high Fowler’s position. The low technology trunk release maneuver was used in healthy, community-
dwelling individuals (n = 117). In this maneuver, the individual’s trunk was pulled forward and away from the support
surface without lifting the buttocks from the support surface. There was a significant reduction in the peak pressure
index associated with use of the trunk release maneuver (59.6 mmHg versus 79.9 mmHg, p = 0.002) and no differences
in discomfort as rated by participants. Using the trunk release maneuver may reduce interface pressure for individuals
sitting upright in bed® (Level 5). However, this repositioning strategy requires further exploration in individuals at
risk of pressure injuries.
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Prone Position

5.10: Avoid extended use of prone positioning unless required for management of the individual’s medical
condition.
(Strength of Evidence = B1; Strength of Recommendation = &)

Evidence Summary

One low quality Level 1 study® reported increases in pressure injury incidence in the prone position. In this study,®
conducted in critically ill individuals, there was higher incidence of pressure injuries in prone position compared to
supine position based on days in intensive care and days using mechanical ventilation; however when controlling
for confounders the difference was not significant. One low quality Level 1 study,® and two moderate quality Level
4 studies® 88 reported incidence of pressure injuries experienced in the prone position was between 5% and 15% in
critically ill individuals or individuals positioned in prone for surgical interventions. Understanding the influence of
positioning on pressure injuries is considered an important topic by individuals and their informal caregivers. However,
other factors, including medical condition or surgical procedure, influence the need to use prone positioning. Use of
appropriate support surfaces and pillows® and repositioning as soon as feasible is important when the prone position
cannot be avoided.

Implementation Considerations

e Use a pressure redistribution support surface or positioning devices to offload pressure points on the face and
body while in the prone position.®¢ (Level 1) Refer to the Support Surfaces chapter for further recommendations
on effectiveness of different support surfaces.

e Once positioned check for uneven distribution of pressure and positioning of medical devices if possible. Pay
particular attention to breast region, knees, toes, penis, clavicles, iliac crest and symphysis pubis. (Expert opinion)

e Consider using additional pressure injury prevention strategies such as prophylactic dressing under devices and over
bony prominences (e.g., the iliac crest, ribs and patella). The guideline chapter on Preventive Skin Care presents
evidence-based recommendations on the use of prophylactic dressings.

e At each rotation, assess the face and other body areas (i.e., breast region, knees, toes, penis, clavicles, iliac crest
and symphysis pubis) that may be at risk when individuals are in the prone position. Refer to the Skin and Soft
Tissue Assessment chapter for more information on conducting a skin assessment.

Evidence Discussion

For most individuals, limiting time spent in a prone position is a feasible intervention to prevent pressure injuries.
However, some individuals have medical conditions or surgery that require use of prone position. Prone positioning
is used more often in surgical settings and in critical care settings in which individuals may have medical conditions
requiring use of prone positioning. For example, prone positioning is recommended for more than 12 hours/day for
individuals with severe acute respiratory distress syndrome.®®

In healthy volunteers (n = 83), Defloor (2000)%” found that average interface pressures were lower in prone position
compared with 30° side lying position and 90° side lying position®” (Level 5). However, individuals placed in the prone
position may be at increased risk for the development of facial pressure injuries. In one small case series report (n =
15) conducted in a critical care setting, 13% (2/15) of participants with severe acute respiratory distress syndrome who
were positioned in a prone position for ventilation (mean time in prone position 55 + 7 hours) developed a Category/
Stage Il pressure injury on the face®” (Level 4). Another study® conducted in the operating room using different facial
support surfaces reported an incidence of facial pressure injuries of 15.1%. Non-blanchable erythema was found on
75% of the iliac and chest pressure points at the end of surgery, and between 5% and 10% of those pressure injuries
persisted at 30 minutes following surgery® (Level 1).

An RCT® comparing early, long standing (= 16 hours) prone positioning to supine positioning explored whether
extended positioning in prone was associated with pressure injuries. The study,® conducted in individuals with severe
acute respiratory distress syndrome (ARDS; n = 466) found the incidence of new pressure injuries was significantly
higher in prone position compared to supine position when measured by days in ICU (13.92 versus 7.72 per 1,000 ICU
days, p = 0.002). After controlling for confounders, pressure injury incidence was statistically significantly different
between groups at day seven (prone 42.5% versus supine 57.1%, p = 0.005), but was not statistically significantly
different when measured as incidence at time of discharge from the ICU (prone 44.4% versus supine 37.8%, p =
0.151)% (Level 1).
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The use of appropriate support surfaces and pillows is important to reduce pressure injury risk for individuals in the
prone position. The effectiveness of different facial pillows for pressure injury prevention has been explored.¢8
Grisell and Place (2008)% conducted an RCT comparing three different facial support pillows (n = 66) in individuals
requiring prone positioning for surgery. Time in prone position ranged from one hour to 12 hours. Forty-five percent
of participants who received a disposable polyurethane foam facial pillow developed non-blanchable erythema or
Category Il pressure injuries. This compared to no facial pressure injuries experienced by individuals using either
a protective helmet system of polyurethane foam or a neoprene air filled device (p = not reported) (Level 7). An
observational study® measured presence of pressure injuries both immediately after and 30 minutes following surgery
in prone positioning in individuals undergoing spinal surgery (n = 30). Individuals either received a high density 10 cm
thick foam mattress or a 2 cm thick viscoelastic pad. Regardless of the type of support surface used, 75% of individuals
experienced non-blanchable erythema of the iliac and chest pressure points immediately after surgery®® (Level 4).

Repositioning and Pressure Redistribution for Seated Individuals

Pressure and shear forces are important considerations in the development of pressure injuries in seated individuals.
Although consideration to optimal seated positioning is important for all individuals with or at risk of pressure
injuries, these recommendations are of particular significance to people who spend extended time seated out of bed
and have a high risk of pressure injuries due to reduced mobility and/or reduced sensory perception, such as people
with SCI and older adults.

5.11: Promote seating out of bed in an appropriate chair or wheelchair for limited periods of time.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

A low quality Level 1 study®® showed that limiting the duration of sitting sessions to a maximum of two hours for
individuals at high risk of pressure injuries can reduce the incidence of pressure injuries compared with allowing
individuals to sit out of bed for an unlimited duration. If an individual has an ischial pressure injury, sitting out of bed
should be considered cautiously.

Implementation Considerations

e Limit time spent sitting out of bed for individuals at high risk of pressure injuries® (Level 7).

¢ Take psychosocial needs into account in balancing periods of bed rest and sitting in a chair or wheelchair (Expert
opinion).

e Encourage individuals who spend time in seated position to implement weight shifts and pressure relief maneuvers.
See Recommendation 5.14.

e Refer individuals with or at risk of pressure injuries who spend prolonged periods in a chair or wheelchair to a
seating specialist (Expert opinion).

e Select a seated posture and chair that:

Is acceptable for the individual

Minimizes the pressures and shear exerted on the skin and soft tissues at high risk areas
Provides adequate support

Maintains stability

O O O O O

Maintains the individual’s full range of activities (Expert opinion).
e Refer to the recommendations on seating position within this guideline for more information about positioning in
a seated posture (Expert opinion).

e Use an appropriate seating support cushion when an individual is seated out of bed. Refer to the Support Surfaces
chapter of the guideline for recommendations on selecting an appropriate support cushion.

e Do not use ring or donut-shaped positioning devices. The edges of these devices create areas of high pressure that
may damage tissue. These devices may also impair circulation and create edema®'? (Expert opinion).

e Performregular skin and risk assessments when an individual is seated out of bed to determine the most appropriate
duration of seating sessions. Refer to the guideline chapters on Skin and Soft Tissue Assessment and Risk Factors
and Risk Assessment for more information on performing skin and risk assessments.
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e Avoid sitting on medical devices if possible. Refer to the Device Related Pressure Injuries chapter of the guideline
for recommendations on preventing device-related pressure injuries.

* Avoid leaving an individual seated on a bed pan, commode or toilet for longer than necessary (Expert opinion).
Additional considerations for individuals with a pressure injury

e Avoid seating an individual directly on a pressure injury (Expert opinion). Consider periods of bed rest to promote
healing of ischial and sacral pressure injuries (Refer to Recommendation 5.16 for further discussion).

e Ifsitting in a chair or wheelchair is necessary for an individual with pressure injuries on the sacrum, coccyx or ischia,
limit sitting sessions to three times a day for durations of 60 minutes or less (Expert opinion).

* Modify sitting time schedules and re-evaluate the seating surface and the individual’s posture if the pressure injury
worsens or fails to improve (Expert opinion).

Transferring the individual to seating

e Use appropriate equipment such as a split leg sling mechanical lift when available to transfer an individual into
a chair or wheelchair when the individual needs total assistance to transfer. Remove the sling immediately after
transfer (Expert opinion).

e Do not leave moving and handling equipment under the individual after use, unless the equipment is specifically
designed for this purpose (Expert opinion).

e Use transfer equipment manufactured from fabrics designed to reduce the risk of pressure injuries® (Level 5).

Evidence Discussion

Repositioning an individual to allow stability and full range of activities may be complex. For example, in an
armchair that tilts back, the use of a footrest with the heels offloaded may be a suitable position in terms of pressure
redistribution but this position may impede transferring to and from the chair.

A small RCT (n = 57)% investigated the effect of a sitting protocol restricted to two hours per session for participants
who either had a fracture or had recently had major orthopedic surgery. All participants were placed on large-celled
alternating mattress. Significantly fewer pressure injuries (7%) developed in individuals with fractures who sat for
two hours or less per session than in those sitting in a chair for unlimited periods of time (63%) (p < 0.001) (Level 7).

Pressure and shear forces can cause sustained tissue deformation and reduced perfusion to tissues. While sitting is
important for overall health, every effort should be made to avoid or minimize pressure and static shear force on an
existing pressure injury. Continued pressure on an existing pressure injury will delay healing and may cause additional
deterioration. In situations where positioning on the pressure injury cannot be avoided (e.g., when the individual
has multiple pressure injuries on multiple surfaces), limit the amount of time the individual is positioned on the
pressure injury, change support surfaces to provide better pressure redistribution, and use positioning techniques that
redistribute pressure off the pressure injury as much as possible (e.g., use specially designed contour seating surfaces
or ‘bridging’ areas around the pressure injury with positioning devices that offload the pressure injury and redistribute
pressure to surrounding tissue). Because any intense pressure reduces blood flow and impairs healing, sitting time
must be limited to one hour three times daily; the sitting time should correspond to mealtime. Sitting times can be
increased or decreased based on the improvement or deterioration of the pressure injury. Periodic shifting, tilting
forward, or lift-offs (pressure relief maneuvers) while sitting may also facilitate some reperfusion.

5.12: Select a reclined seated position with the individual’s legs elevated. If reclining is not appropriate or
possible, ensure that the individual’s feet are well-supported on the floor or on footrests when sitting
upright in a chair or wheelchair.

(Strength of Evidence = B2; Strength of Recommendation = 1)

5.13: Tilt the seat to prevent the individual sliding forward in the chair or wheelchair.
(Strength of Evidence = B2; Strength of Recommendation = 1)
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Evidence Summary

A low quality Level 4 study®? provided evidence that skin perfusion significantly increases when tilt-in-space is combined
with a reclined position. Additional indirect evidence from two studies conducted in individuals with SCI**®> and two
studies’®¢ conducted in healthy volunteers demonstrated that interface pressure at the sacrum is significantly lower
when a reclined seating position is adopted. Supporting the individual’s feet prevents sliding down in the chair and
slouching, which indirect evidence indicated were both associated with increased pressure.’®

Indirect evidence®® also indicates that interface pressure at the sacrum, ischial tuberosities and coccyx is reduced
when the seating surface is tilted, with more significant reductions in pressure attained with tilts of at least 30°. Shear
forces from sliding forward in the chair or wheelchair are likely to be reduced when the individual is tilted to the rear.

Implementation Considerations

* Avoid seating an individual with an ischial pressure injury in a fully erect posture in chair/wheelchair’® (Level 5).
¢ Do not use seat recline or seat tilt as a method of restraining an individual (Expert opinion).

¢ In most situations, 30° seat tilt is adequate to prevent sliding and to redistribute pressure and reduce shear forces.
Tilt the wheelchair before reclining. (Expert opinion).

* Develop an individualized plan for repositioning using dynamic weight shifting that is informed by:
o Pressure mapping
o Evaluation of the skin’s response to pressure
o The individual’s functional ability and lifestyle' (Expert opinion).

e Adjust the footrests and armrests to maintain the individual’s posture and to maximize pressure redistribution
(Expert opinion).

e Use a pressure redistribution cushion. Refer to the Support Surfaces chapter for discussion regarding selection of
wheelchairs, seats and cushions.

Evidence Discussion

Dynamic weight shifting uses assistive technologies to relieve pressure when the individual has limited ability to
effectively perform intentional weight shifting due to paralysis. Use of dynamic weight shifting is of particular
significance for individuals with reduced mobility who spend prolonged periods of time in a chair/wheelchair, such as
those with spinal cord injury (SCI).

One study compared center of pressure displacement in individuals with SCI to that of healthy volunteers. The
participants sat in a static position on a hard, backless chair with appropriate foot support while pressure mapping
was performed. Center of pressure displacement was significantly lower in individuals with SCl than healthy volunteers
(p < 0.05), indicating some impairment in dynamic sitting stability. Significant differences were noted in center of
pressure displacements during forward and backward leaning for individuals with SCI who had a past history of
pressure injuries®” (Level 5). Thus, impaired ability to dynamic weight shift appears to contribute to redistribution of
pressure in seated positions.

The ischial tuberosities bear intense pressure when the individual is seated. Indirect evidence conducted in both
healthy volunteers and individuals with SCI reporting interface pressure as an outcome measure has demonstrated
significant reductions in peak pressure at the ischia, sacrum and back associated with both reclined seating,”8949%8
and with seat tilt and recline in combination®** (all Level 5). In one of these studies conducted with individuals with
SCI (n = 18),° relative reduction in interface pressure was systematically measured at the ischial tuberosities and
sacrum through 10° increments of tilt in a manual wheelchair. A reduction in sacral pressure did not occur until a 30°
tilt** (Level 5). A minimum tilt of 30° is needed to achieve a clinically important reduction in pressure at the ischial
tuberosities’®°4% (Level 5).

However, clinical research showing direct support for the use of reclined seating and, where possible, a rear-tilted
seat, is limited. Evidence demonstrates a positive effect on increasing blood perfusion of the skin compared to seating
without tilt or recline. As discussed in the Etiology chapter of this guideline, reduced vascular flow from occlusion of
blood vessels results in ischemia-induced damage.®® Thus, a measurable increase in skin perfusion plausibly suggests
a reduction in conditions that support development of pressure injuries. Skin perfusion was measured at the ischial
tuberosities in individuals with SCI (n = 11) who used a powered wheelchair in one observational study.®* After trialing
six different protocols with combinations of different angles of tilt-in-space and recline, the evidence showed that
skin perfusion increases when there is a seat tilt of 15°, 25° or 35° combined with a 120° recline, or when a 35° seat
tilt is combined with 100° recline®® (Level 5). A small study in individuals with SCI (n = 13), demonstrated significant
reductions in ischial, sacral and coccygeal interface pressures when tilt and recline were used in combination. Interface
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pressure varied at the different anatomical locations depending on the angles of tilt and recline®> (Level 5). This suggests
that seating position should be adjusted based on the individual’s needs, and that pressure can be redistributed to
some degree by adjusting tilt and recline angles. Pressure mapping, functional ability assessment, evaluation of the
skin response to pressure relief and consideration to the individual’s lifestyle should all contribute to development of
an individualized repositioning plan.™

Maintenance of proper positioning and postural control is important. To avoid shear and friction, select a seat with
an appropriate seat-to-floor height for the individual. When the feet do not rest on the floor, the body slides forward
out of the chair. Defloor et al. (1999)78 established that interface pressure is significantly lower (p < 0.001) when the
feet of an individual seated in an upright position are on the ground compared with supporting the legs with a rest
(Level 5). Miller et al. (2014)% achieved similar results, demonstrating significant reductions compared to upright
seating in average and maximum sacral interface pressure when the legs of healthy volunteers were elevated with a
support, and the seat was reclined (Level 5). Having the feet unsupported may cause excessive pressure behind the
knee, impeding circulation. An armchair helps maintain posture and is associated with lower pressure than an armless
chair (see Figure 8.3).78

If the individual’s feet cannot be positioned directly on the ground, footrest height should be adjusted so as to slightly
tilt the pelvis forward by positioning the thighs slightly lower than horizontally. This position transfers weight (e.g.,
load) of the upper body onto the posterior thigh. When the footrest is too high, the load is applied to the posterior
pelvic region, placing the stress back onto the ischia and coccyx, which may add stress to the feet. Seat depth should
be sufficient to allow maximum pressure redistribution over the thighs’® (see Figure 8.3 and Figure 8.4) (Level 5).

© NPUAP/EPUAP/PPPIA 2014

o © NPUAP/EPUAP/PPPIA 2014

Figure 8.3: Sitting upright in an armchair with the Figure 8.4: Sitting back in an armchair with the lower legs
feet on the ground on a rest

Pressure Relieving Maneuvers

5.14: Teach and encourage individuals who spend prolonged durations in a seated position to perform pressure
relieving maneuvers.
(Strength of Evidence = C; Strength of Recommendation = 1")

Evidence Summary

Evidence from a moderate quality Level 2'® and 4 studies'®' shows that performing intermediate or full leans while
seated in a wheelchair significantly increases ischial blood flow. However, the evidence'®*'° on an association
between performing pressure relieving maneuvers and experiencing a pressure injury is mixed and does not include
any comparative intervention studies. In one low quality Level 4 study'? individuals with spinal cord injury (SCl) who
did not experienced pressure injuries performed significantly more weight shifts per hour (effect size 0.39) than
individuals who experienced a pressure injury, but in the same study'®? there was no significant relationship between
frequency of in-seat movements and experiencing a pressure injury. Additionally, a high quality Level 3 study'® showed
no significant relationship between pressure relief maneuvers and experiencing a pressure injury.

Implementation Considerations

e To effectively relieve pressure, pressure relieving maneuvers must at least partially unload the buttocks' This is
of particular importance to individuals who spend prolonged time in a chair or wheelchair (e.g., individuals with
impaired mobility living in the community) (Level 4).
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e Teach individuals who spend prolonged periods in a seated position (e.g., wheelchair bound individuals with SCI
and other immobile adults) to incorporate weight shifts into their daily routine as a part of functional activities
(e.g., reaching and leaning),’®? as well as performing intentional pressure relief maneuvers on a regular schedule
(Expert opinion). The guideline chapter on Quality of Life, Self-care and Education discusses factors to consider
when developing and delivering education for patient individuals and their informal caregivers.

¢ Develop an individualized pressure relief schedule outlining the frequency and duration of weight shifts based on
the individual’s routine and ability''°® and on an assessment of the skin’s response'* (Expert opinion).

Evidence Discussion

Individuals spending prolonged time in a chair or wheelchair, particularly those with SCI, should be encouraged to
regularly relieve pressure. Pressure relieving maneuvers include intentional exercises, as well as weight shifting that
occurs during functional activities (e.g., during leaning, reaching and propelling a wheelchair). Pressure relieving
exercises include; 14100101104

¢ Intentional weight shifting (leaning forward or sideward to a small, intermediate or full degree)
¢ Intermittent standing using assistive devices or with assistance
e Arm lifts/ pushups.

One study'®® compared the effects of a dynamic sitting protocol to a pushup protocol on tissue perfusion and interface
pressure for individuals with paraplegia (n = 20) and tetraplegia (n = 20), with an additional control group of healthy
individuals (n = 20). The dynamic sitting protocol consisted of upright sitting alternated every ten minutes with an
offloaded seating configuration. The pushup protocol alternated normal sitting with a standard wheelchair pushup
performed once every 20 minutes. Transcutaneous oxygen measured with an oximeter at the buttocks and ischial
tuberosities significantly increased during pushups and increased at the ischial tuberosities in the offloaded sitting
position for all individuals. However, the researchers noted that tissue perfusion recovery time was significantly longer
in individuals with SCI compared with healthy controls (p < 0.001), suggesting efficacy is related to the performance
ability'® (Level 2). This suggests that selection of pressure relieving activities should be individualized according to
strength and skill.

Two observational studies'?' provide evidence on a possible relationship between performing pressure relief
maneuvers and pressure injury incidence. In one study, participants were individuals with SCI of at least two years’
duration who had either not experienced a history of recurrent pressure injuries (n = 12) or had experienced at least
two pelvic pressure injuries (n = 17). Based on pressure mapping, individuals with a pressure injury history performed
weight shifts significantly less frequently than the group who did not experience pressure injuries (2.5 times [95% Cl
1.0 to 3.6] per hour versus 1.0 [95% Cl 0.4 to 1.9] time per hour, p = 0.037, effect size [ES] = 0.39). The no pressure
injury group also performed more in-seat movements per hour; however, the difference was not statistically significant
(46.5 times [95% CI 28.7 to 76.7] per hour versus 39.6 [95% Cl 24.3 to 49.7] times per hour, p =0.352, ES=0.17)"2 (Level
4). In the second study,'** comparison was made between individuals with SCI admitted to a rehabilitation center for
treatment of a pressure injury (n = 31) and a cohort with SCI dwelling in the community (n = 30). In this study the
group with pressure injuries spent a longer duration (hours per day) in a wheelchair (p = 0.002), but there was no
significant difference in the number of pressure relief maneuvers performed each hour (pressure injury group 2.2 +
3.3 versus no pressure injuries 1.8 = 1.6, p = 0.664). The data collection relied on participant diaries and recall, which
may have influenced the results. This study also found that individuals without pressure injuries were able to identify
significantly more methods to relieve pressure (1.3 + 0.6 versus 2.4 + 1.4, p < 0.0001),'% suggesting a relationship
between knowledge, compliance and pressure injury incidence (Level 3).

The duration and frequency of pressure relieving strategies should be individualized. For example, active individuals
with SCI will perform frequent, unintentional weight-shifting throughout the day while engaging in functional
activities and may require less frequent intentional weight shifting maneuvers. Individuals who are less active in their
normal daytime activity should perform intentional pressure relief more frequently. Regular inspection of the skin
should also be used to guide the frequency and intensity of intentional pressure relief maneuvers.™
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Early Mobilization

5.15: Implement an early mobilization program that increases activity and mobility as rapidly as tolerated.
(Strength of Evidence = C; Strength of Recommendation = 1*)

Evidence Summary

Two low quality Level 2 studies'’®'% reported significant reduction in unit-acquired pressure injuries associated with
early mobilization programs. In these studies, there was a reduction of about 2-3% in the unit-acquired pressure injury
rates after introduction of the mobility programs. However, a moderate quality Level 2 study'”” reported a significant
increase in unit and facility acquired pressure injury rates associated with an early mobilization program, and another
low quality Level 2 study'®® reported an early mobilization program had no impact on pressure injury rates. Three of
the reported mobilization programs incorporated individualized, tolerance-based, assisted mobilization and exercise
and were conducted in units with high patient acuity.'®'%” The fourth intervention (delivered in a general medical
unit) appeared to focus on providing individuals with encouragement to engage in mobility activities.'® Evaluation
of resources required to deliver an early mobility program in an 18-bed high acuity unit estimated costs of 12 nurse
technician hours/day (plus staff education costs).’® Early mobilization programs were associated with high patient
satisfaction'® and high staff adherence,’®” and individuals and their informal caregivers rated receiving information
about positioning as a priority topic.

Implementation Considerations

e Evaluate the safety of individuals as they commence and increase mobilization and provide adequate supervision
for individuals. Informal care givers and non-clinical staff can assist in reminding individuals to mobilize regularly''®
(Expert opinion).

e Use appropriate mobilization techniques to avoid increased shear forces (Expert opinion).

e Facilitate access to appropriate mobility aids and footwear to promote safe mobility (Expert opinion).

Evidence Discussion

Individuals on bedrest should progress to sitting and ambulation as rapidly as they can tolerate. Ambulation schedules
may help offset the clinical deterioration often seen in patients subjected to prolonged bedrest. Scheduled periods of
ambulation (or supported standing when ambulation is not possible) may be viable alternatives to complete bedrest
for individuals with ischial and sacral pressure injuries who cannot tolerate sitting.

One team of researchers'?”1%."% reported on an intervention to increase mobilization in individuals in surgical intensive
care. The intervention, which was facilitated by the employment of an additional health professional and delivery
of education sessions, provided a protocol of increased mobilization from passive range of movement exercises, to
dangling limbs over the side of the bed, sitting out of bed, standing and walking (all three times per day). Three
months following the introduction of the intervention the ICU reported a significant increase in facility-acquired
pressure injuries (6.1% versus 5.45% p = 0.009, adjusting for length of stay). The intervention was also associated with
an increased length of stay in both the unit (p < 0.001) and the hospital (p = 0.002) (Level 2). Wood et al. (2014)'%® also
found no impact on rates of pressure injuries for an early mobilization program delivered in a medical intensive care
unit. Individuals in the intervention group participated in either active or passive range of movement, moving from
bed to chair or walking (Level 2).

However, two other studies'® % also exploring early mobilization programs in intensive care units, did demonstrate
the intervention was associated with a reduction in pressure injuries. Individuals in the study conducted by Klein
et al. (2015)'° were inpatients in a neurological ICU who progressed through mobility milestones with assistance
from a clinical technician. There were significantly fewer pressure injuries in the group exposed to this intervention
(3.8% versus 1.1%, p = 0.026) (Level 2). In the study conducted by Azuh et al. (2016)'% participants from a medical
intensive care unit progressed through a mobility program with assistance from mobility nurses and nursing assistants,
depending on their levels of tolerance. The intervention group had a lower rate of pressure injury occurrence (9.2%
vs 6.1%, p = 0.0405) (Level 2).

The conflicting findings of the evidence should be viewed with consideration to confounding factors. In the early
studies conducted by Dickinson et al. (2013)' participants exposed to the early mobilization intervention had higher
pressure injury risk and a potential increased acuity compared to the control group. Although there was no statistically
significant difference in Acute Physiology and Chronic Health Evaluation (APACHE) scores between the two cohorts,
the group exposed to the intervention had a significantly higher risk of pressure injuries as determined by Braden
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scores (15.66 versus 15.24, p < 0.001). The intervention promoted raising the head-of-bed to 30° to 45°, which may
also have contributed to the increase in pressure injuries. Thus, the results of this study are hard to interpret. In
all the available studies, participant exclusion criteria were limited, and little mention was given to the ability of
the individuals, all of whom were in critical care environments, to participate in the mobilization programs due to
hemodynamic stability. None of the studies presented a comparison of outcomes based on the level of participation
in the program. Due to the study designs, data collectors were not blinded and clinicians facilitating the mobility
programs had different levels of experienced in program delivery.

Repositioning for Individuals with Existing Pressure Injuries

5.16: For individuals with an ischial or sacral pressure injury, evaluate the benefit of periods of bed rest in
promoting healing versus the risk of new or worsening pressure injuries and the impact on lifestyle,
physical and emotional health.

(Good Practice Statement)

Implementation Considerations

e Avoid seating an individual with an ischial pressure injury in a fully erect posture in chair or bed. A minimum tilt
of 30° is needed to achieve a clinically significant reduction in pressure at the ischial tuberosities® (Level 5).

e For individuals with an ischial or sacral pressure injury, implement a progressive seating schedule based on the
response of the pressure injury and surrounding skin, and the individual’s tolerance' (Expert opinion).

¢ Where possible, develop a management plan in conjunction with a seating professional (Expert opinion).

*  Minimize and redistribute pressure using dynamic weight shifting (tilt and recline), noting that sitting in a non-
upright position (e.g., slouching) applies greater pressure to the sacrum while pressure is applied to the ischia
when the individual sits upright® (Expert opinion).

e Pressurerelieving maneuvers can be used to relieve interface pressure and promote tissue perfusion and oxygenation
(see Recommendation 5.14).

e Assess the skin after each sitting period to evaluate the regimen. Sitting times can be increased or decreased based
on the improvement or deterioration of the pressure injury (Expert opinion).

Discussion

Ideally, ischial pressure injuries should heal in an environment in which the pressure injury is free of pressure and
other mechanical stress. However, prolonged bedrest can have detrimental impact on the individual’s physical, social
and psychological health. Balancing needs of the individual against the need for total pressure offloading (i.e., total
bed rest) creates a challenging dilemma for the individual and the professional. Potential complications associated
with prolonged bed rest include, but are not limited, to:

* Muscle wasting and joint contracture

¢ Loss of bone density

e Deconditioning

* Respiratory complications

e Malnutrition

e Psychological harm

e Social isolation

e Financial challenges for the individual and their family.'"

In one RCT,"? it was found that individuals with limited mobility with Category/Stage Ill and IV pressure injuries (n
= 207), healed faster when they sat out of bed in a tilted wheelchair with a reactive pressure redistribution cushion
for up to four hours daily compared with bed rest on either a foam overlay or low-air-loss bed. Healing, as measured
on the Pressure Sore Status Score at four weeks, was significantly better for the seating protocol (p < 0.0001), and
fewer individuals in the seating protocol group withdrew from the study due to pressure injury deterioration (Level
7). However, these results were obtained under conditions of precise seating surface prescriptions in carefully selected
individuals. Similar results may not be possible in settings without an experienced seating specialist and the availability
of appropriate pressure redistribution surfaces. In a small community-based study that reported an interdisciplinary
pressure management protocol compared with strict bed rest for three months for healing a Category/Stage Il or IV
pressure injury, Chan et al. (2013)'"® noted no difference in wound healing outcomes between the two management
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options. The study, which was primarily an economic analysis of community-based care, also showed no significant
difference in hours spent in bed or activity levels for the participants (n = 12), all of whom had SCI.

Advanced pressure redistribution support surfaces, ability to use dynamic weight shifting to offload pressure (see
Recommendations 5.12 and 5.13) and the use of pressure relief maneuvers (see Recommendations 5.14) are important
adjuvants to an effective supported sitting regimen. Total bed rest may be required for:

¢ Individuals without access to contemporary advanced support surfaces or tilt-in-space seating options
¢ Individuals following flap reconstruction surgery (see the guideline chapter Pressure Injury Surgery)
¢ Individuals for whom a seated position would disrupt wound healing."*

A progressive sitting protocol should be developed in consideration of the individual’s tolerance and response of the
pressure injury. A seating professional should be involved in assessing the individual, selecting an appropriate chair/
wheelchair and pressure redistribution support cushion and developing an individualized supported sitting plan.

Houghton (2013)'* provides an example plan for progressive wheelchair/chair seating (see Table 8.7). Developed for
individuals with SCI following flap reconstruction surgery to commence at approximately three weeks post-surgery,
the protocol it also appropriate for adapting to the needs of individuals with a pressure injury.

Table 8.1: Example of a progressive seating protocol™

Step*  Activity Duration Seating Day

1 Sitting on the edge of bed 10 minutes twice daily 1to3

2 Sitting in wheelchair with a pressure 5 to 10 minutes twice daily, increasing by 5 minutes 4to7
redistribution cushion each day

3 Sitting in wheelchair with a pressure 30 minutes twice daily, increasing by 10 minutes each 8to 10
redistribution cushion day to a maximum of 60 minutes twice daily

4 Sitting in wheelchair with a pressure Increasing by 15 minutes each day to a maximum of 4 from day 11
redistribution cushion hours twice daily

* Progress to the nextstep only after a skin assessment confirms no new skin breakdown

Repositioning Individuals in Critical Care

In addition to the recommendations, good practice statements and implementation considerations discussed above,
individuals in critical care have specific care needs. Additional preventive repositioning considerations arise from the
physiological instability of critically ill individuals (see the chapter Populations with Specific Pressure Injury Related
Needs) that increases risk of pressure injuries (See the Risk Factors and Risk Assessment chapter).

5.17: Reposition unstable critically ill individuals who can be repositioned using slow, gradual turns to allow time
for stabilization of hemodynamic and oxygenation status.
(Good Practice Statement)

5.18: Initiate frequent small shifts in body position for unstable critically ill individuals who are too unstable to
maintain a regular repositioning schedule, and to supplement regular repositioning.
(Strength of Evidence = C; Strength of Recommendation = 1")

Implementation Considerations
e Small shifts in body position do not replace selection of a more appropriate pressure redistribution support surface
when needed, or regular repositioning (i.e., major shifts in body position) (Expert opinion).

e Asess tolerance to frequent, small, gradual turns on an ongoing basis, allowing the individual at least ten minutes
to attain equilibrium before determining whether the position change is tolerated' (Expert opinion).
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e In critically ill individuals who cannot tolerate slow incremental turns, repositioning strategies that should be
implemented include weight shifts, passive range of motion (ROM), position changes of the extremities, head
rotation, heel floating and lower angle turns. The use of these interventions should be based on individual
tolerance'"® (Expert opinion).

e Revise the repositioning schedule in response to assessment of the individual’s tolerance. Perform a trial of
repositioning at least every eight hours or more frequently to determine if a regular repositioning schedule can be
re-established'' (Expert opinion).

e Resume regular repositioning as soon as the individual’s hemodynamic and oxygenation status stabilize (Expert
opinion).

Evidence Summary

The current empirical evidence supporting the evidence-based recommendation consists of studies that support
indirectly the benefit of supplementing regular repositioning with frequent small shifts in body weight. The studies
demonstrated that small weight shifts redistribute pressure in healthy individuals and in the critically ill population.'®7
Improvements in sacral blood flow from small weight shifts were demonstrated in critically ill individuals."” It is
uncertain if the outcome is sufficient to prevent pressure injuries and the overall low volume of evidence precludes
the ability to determine if this intervention will have an overall effect on pressure injury prevention or reduction.

Evidence Discussion

Oertwich et al. (1995)"7 found that small, supplemental shifts in body weight when in the supine position significantly
increased capillary perfusion measured by laser Doppler flow at both the sacrum and trochanter. Small shifts of body
weight were effective in significantly reducing interface pressure at the trochanter and sacrum in both supine position
and lateral oblique position (Level 5). A study in healthy individuals supported the finding that small shifts in posture
are associated with reductions in interface pressure. In this study, statistically significant reductions of between 1.3
mmHg and 1.5 mmHg (p < 0.05) were attained by small weight shifts in 28 different positions.'® There is no direct
evidence supporting this interface pressure reduction as having a clinically significant impact on pressure injury risk
(Level 5).

Hemodynamic instability with mobilization can occur in the critical care population. The critically ill individual often
possesses poor vascular tone, a dysfunctional autonomic feedback loop, and/or low cardiovascular reserve.'"® Autonomic
dysfunction may be more pronounced in individuals with diabetes. The individual's illness and care activities may lead
to an imbalance of oxygen supply and demand if the requirements during mobility and/or care activities exceed
supply.’ Finally, cardiovascular instability is often seen during position change in individuals who have experienced
prolonged bedrest.

Turning the individual more slowly or in small increments that allow adequate time for stabilization of vital signs should
be considered when possible.'™>2° Care activities should be planned to allow for sufficient physiological rest to meet
the oxygen demand that mobilization will place on the body. Allow the critically ill individual ten minutes to attain
equilibrium before assessing tolerance to a position change.'?"'?2 If manual turning is not tolerated, as evidenced by
a sustained drop in blood pressure, oxygen saturation, an increase in heart rate, and/or cardiac arrhythmias, return
the individual to the supine position. In addition, for individuals who cannot tolerate incremental repositioning, small
weight shifts every 30 minutes can be implemented, as well as manually lifting the extremities, occiput and hips on
an hourly basis unless contraindicated. Assessment of tolerance to frequent, small weight shifts should be conducted
on an ongoing basis, allowing the individual at least ten minutes to attain equilibrium before determining whether
the position change is tolerated.'"> Prolonged periods in a stationary position increase the likelihood of hemodynamic
instability when repositioned.

Few individuals are truly too unstable to turn. However, there may be situations that temporarily preclude turning
and repositioning, which should be clearly documented in the individual’s clinical record and discussed with the
interprofessional team. Assess each clinical situation on an individual basis. Re-establish turning and repositioning as
the individual’s condition allows. For individuals who have been unable to tolerate full repositioning, Brindle et al.
(2013)'22 suggest performing a trial of repositioning at least every eight hours or more frequently to determine if a
regular repositioning schedule can be re-established.

Repositioning Individuals in the Operating Room

In addition to the recommendations, good practice statements and implementation considerations discussed above,
individuals in the operating room have specific care needs arising from their immobility during the operative period
(see the chapter Populations with Specific Pressure Injury Related Needs). The increased risk of pressure injuries for
individuals undergoing surgery (see the Risk Factors and Risk Assessment chapter) suggest that additional diligence is
required in positioning in the operating room setting.
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5.19: Position the individual in such a way as to reduce the risk of pressure injury development during surgery by
distributing pressure over a larger body surface area and offloading bony prominences.
(Good Practice Statement)

Implementation Considerations

e Evaluate individuals who enter the perioperative setting with medical devices in situ to determine how positioning
and instrumentation may impact the potential risk of pressure injury related to the devices (Expert opinion).

¢ Do not position the individual directly on a medical device unless it cannot be avoided (Expert opinion).

e Where possible, reposition the individual during surgery. This need not include a full body movement. This will not
always be possible and will be determined by the type of surgery, the surgical position, the duration of the surgery
and the individual’s clinical condition (Expert opinion).

e Follow institutional policies and standard safety practices when positioning an individual for surgery. Select the
appropriate position and positioning strategies given the type of surgery and the need to protect the individual
from any injury (including but not limited to pressure injury)'?®* (Expert opinion).

¢ Document the position in which the individual was placed during surgery (Expert opinion).

e Pay particular attention to pressure points that are unique to the intraoperative position when positioning the
individual for surgery and when assessing the skin post operatively (e.g., forehead, nose, chin, breasts, iliac crest,
genitalia, knees and toes in prone position) (Expert opinion).

e Use pressure redistributing support devices and padding to assist in positioning the individual (e.g., use facial
pillows® and chest padding'?* when in prone position). See the Repositioning and Early Mobilization chapter of
this guideline for evidence-based recommendations on devices and padding.

e Consider using prophylactic dressings to protect bony prominences. See the chapters on Preventive Skin Care and
Heel Pressure Injuries for evidence-based recommendations on use of prophylactic dressings.

e Use a heel offloading device that provides support for the calves and does not place pressure on the Achilles
tendon.'?>'?¢ See the Heel Pressure Injuries chapter of this guideline for evidence-based recommendations on
preventing heel pressure injuries.

* Pressure mapping may be used as a visual cue to guide repositioning in the operating room (Expert opinion).

*  When possible, position the individual in a different posture preoperatively and postoperatively than the posture
adopted during surgery (Expert opinion).

Discussion

It is usually not possible to reduce the length of time that the skin and tissues are subjected to pressure during
a surgical procedure, therefore, positioning the individual so as to distribute pressure over a larger body surface
area and protecting bony prominences are key strategies to reducing pressure injury risk in the operating room.
Positioning the individual in such a way as to reduce the risk of pressure injuries can be challenging given the need to
ensure a stable, visible and accessible operative field for the surgical procedure. Depending on the requirements of
the surgery, positioning options may be limited. However, start with the appropriate position for the type of surgery,
then use padding and support devices to maximally redistribute pressure and reduce shear.

The position in which the individual is placed on the operating table is generally dictated by surgical needs. In
laboratory studies, both Defloor (2000)%” and Scott et al. (1999)'” demonstrated that interface pressure was lowest
when an individual was positioned in the supine position, compared to other surgical positions (Level 5). When
the surgical position cannot be changed, strategies should be implemented to reduce pressure injury risk. Table 8.2
presents pressure points associated with common surgical positions.

Many individuals will be immobilized for an extended period of time during surgery. This can cause reduced tissue
perfusion at the pressure points.'?® Consideration should be given to reducing pressure on bony prominences when
possible. Pressure points for particular consideration in different commonly used surgical positions are presented
in Table 8.2. When accessible, pressure mapping systems can assist in identifying pressure points during positioning
and enable interventions (e.g., adjusting the individual's position or using support surfaces, pads or pillows) to be
implemented to reduce pressure.

When possible, positioning the individual in a different posture pre-operatively and post-operatively allows for
rotation in pressure points to be loaded. Thus, the length of the period in which tissue is compromised is shortened,
and the risk of developing a pressure injury decreases.®’ In order for health professionals working in the post anesthesia
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care unit and hospital ward to monitor the individual’s skin condition and to select appropriate positions following
surgery, documentation of positioning during surgery is required.

Ideally, heels should be free of all pressure in the operating room—a state sometimes called ‘floating heels’. Pressure
can be relieved by elevating the lower leg and calf from the mattress with by using a heel suspension device that
floats the heels or, when unavailable, placement of a pillow under the lower legs. Consequently, the pressure will
instead spread to the lower legs and the heels will no longer be subjected to pressure. When elevating the heels,
careful consideration should be given to the position of the individual’s lower legs. Hyperextension of the knee causes
obstruction of the popliteal vein, and this could predispose an individual to deep vein thrombosis (DVT). Positioning
the knees in slight flexion prevents popliteal vein compression and decreases the risk of perioperative DVT. The
guideline chapter on Heel Pressure Injuries provides evidence-based recommendations on positioning the heels in all
clinical settings and is particularly relevant to individuals being positioned for surgery.

Individuals with medical devices are at an increased risk of pressure injuries. The heavy burden of technology and
equipment utilized in the operating room renders the individual particularly vulnerable to the risk for device related
pressure injuries. Additionally, the individual undergoing surgery may be at risk for medical device related pressure
injuries due to an increase in risk factors, including impaired sensation, moisture under the device, poor perfusion,
altered tissue tolerance, and edema.'® The guideline section on Device Related Pressure Injuries includes additional
recommendations for reducing risk associated with external devices in a variety of clinical settings, including the
operating room.

Table 8.2: Pressure points of concern in different surgical positions (with illustrations)

Note: Straps and positioning pads, pillows or wedges made of various materials (e.g., foam or gel) are often used to secure the
individual, redistribute pressure and prevent nerve injury. Some, but not all of these devices are depicted in the diagrams below.
Securement straps may be a source of medical device-related pressure injuries in all positions.

“Hidden" pressure points on the underside of the individual are marked lighter with dotted outlines

Position and pressure points lllustrative position noting pressure points
of specific concern

Supine

e Occipital

e Shoulder blade (scapula)
*  Elbows

e Sacrum

e Coccyx

* Buttocks

e Heels

Trendelenburg

As per supine position PLUS:

¢ Shoulders
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Reverse Trendelenburg

As per supine position PLUS:
* Soles of the feet

Sitting/modified sitting

As per supine position BUT
ESPECIALLY:

¢ Buttocks

¢ Ischium

¢ Coccyx

* Sacrum

¢ Back of knees
* Heels

Lithotomy

As per supine position BUT
ESPECIALLY:

e Sacrum
¢ Coccyx
¢ Back of knees
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Prone

Forehead

Chin

Cheeks

Shoulder (anterior)
Elbow

Chest (breasts)
Genitalia

Anterior pelvic bones
(iliac crests & ischium)
* Knees (patella)

e Dorsal feet and toes

* Nose (if positioned incorrectly)

Lateral

Lateral face and ear
Elbow

Shoulder

Axilla

Superior and dependent arms
Ribs

Hips (trochanter)
Malleoli

Bent lower leg
Knees

Ankles

Kneeling position
(knee/chest position)

As per prone position BUT
ESPECIALLY:

Face and ear

Anterior chest

Elbows

Anterior pelvic bones
(iliac crests and ischium)
e Knees

e Anterior tibia

e Anterior ankle
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Freestyle/swimming position

As per prone position BUT
ESPECIALLY:

Lateral face and ear
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HEEL PRESSURE INJURIES

Introduction

The heel is one of the two most common anatomical sites for pressure injuries. In a European survey on pressure
injury prevalence (n = 5,947)," almost 80% of all Category/Stage IV pressure injuries were found at the sacrum and
heels (39.9% and 38.5%, respectively). The most severe pressure injury was typically found at the sacrum (44.8%) or
the heels (24.2%)." In a national pressure injury prevalence study conducted in 2014 in France (n = 21,538),? the heel
and the sacrum were the two most common anatomical sites affected by pressure injuries in intensive acute care. A
study conducted in Spain from 2012 to 2015 reported the heel was the most common anatomical location for pressure
injuries in children and neonates.? The heel is not only a frequent anatomical location for pressure injuries, but it
experiences some of the most severe pressure injuries.

Older people, individuals in critical care, children and neonates are at particularly high risk for heel pressure injuries.
The prevalence of heel pressure injuries among individuals in acute care has been reported to be between 21% and
46%.* The highest rates of heel pressure injuries were found in rehabilitation units in a national prevalence study
conducted in different clinical settings in France.? In a prospective study conducted in two geriatric rehabilitation
centers, the prevalence of heel pressure injuries was 12%,* while heel pressure injury prevalence was as high as 28.6%
in children aged between 7 and 12 years attending primary health care consultations.?

The reduction of pressure and shear at the heel is an important point of interest in clinical practice. The posterior
prominence of the heel sustains intense pressure, even when a pressure redistribution surface is used. Because the
heel is covered with a small volume of subcutaneous tissue, mechanical loads are transmitted directly angular to the
bone. Finite element modeling suggests that the shape of the individual’s calcanei influences the strain on muscles
and tissue at the heel.®” Given the small surface area of the heel, it is challenging to redistribute load from the heel.

The recommendations and good practice statements in this chapter present evidence specific to preventing and
treating heel pressure injuries. The recommendations discuss heel-specific skin and tissue assessment, positioning the
heels, and prophylactic dressings applied to the heels. Limited evidence on skin care practice specific to the heels was
available. However, the recommendations and studies®® on skin care presented in the guideline chapter Preventive
Skin Care are particularly relevant to preventive skin care for heels and should be referred to when developing a care
plan to prevent heel pressure injuries.

Clinical Questions

The clinical questions that guided the development of this chapter were:

e What factors put individuals at risk for heel pressure injury development?

e What are accurate and effective methods for assessing heel skin and tissue?

* What are effective local management strategies (e.g., skin care, prophylactic dressings) in preventing heel pressure
injuries?

* What heel repositioning interventions are effective in preventing heel pressure injuries?

¢ What support surfaces and devices are effective in preventing heel pressure injuries?

e What are effective strategies for treating heel pressure injuries?

* What factors affect healing of heel pressure injuries?

Assessing the Heels

The heel is considered a vulnerable area to pressure damage as compared to other areas of the body due to factors
such as the heel anatomy, disease burden, comorbid conditions, and the aging process." Due to this vulnerability, it
is prudent to regularly assess the heel for pressure damage, especially in individuals who are medically complex.'"?
Heel assessment should include the physical assessment of the heel as well as noting the individual's past clinical
history, any previous heel pressure injuries, and current physical and medical status. Additionally, risk factors that
can contribute to the development of heel pressure injuries or delay their healing (e.g., peripheral vascular disease)
should be noted and addressed. The guideline chapter Risk Factors and Risk Assessment identifies key risk factors to
consider in a risk assessment. The guideline chapter Skin and Tissue Assessment contains comprehensive discussion and
recommendation on assessing the skin.
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6.1: Assess the vascular/perfusion status of the lower limbs, heels and feet when performing a skin and tissue
assessment, and as part of a risk assessment.
(Strength of Evidence = B2; Strength of Recommendation = 1)

Evidence Summary

Evidence from one moderate quality Level 3 study' indicated that having peripheral arterial disease increases the
risk of heel pressure injuries, possibly due to decreased blood flow to the heel. Evidence from a low quality Level
3 prognostic study'™ showed that heel pressure injuries were less likely to heal when the individual had peripheral
vascular disease.

Implementation Considerations

e Inspect the skin of the heels regularly, even if a prophylactic dressing is in situ (Expert opinion).

e Health professionals undertaking comprehensive vascular assessment should be trained in using appropriate
assessment techniques and equipment (Expert opinion).

*  When assessing the lower limbs/heels/feet as part of an overall skin assessment, the following parameters should
be included, with a goal of evaluating vascular supply to the heel and differentiating between arterial and venous
disease:

o Skin temperature
o Presence or absence of peripheral pulses that perfuse the heel (particularly posterior tibial artery that supplies
the heel)
o Skin color (e.g., pale, hemosiderin staining, etc.)
o Quality and appearance of skin (e.g., shiny, presence or absence of hair, etc.)
o  Sensation to touch or individual reports of diminished sensation (Expert opinion).
e Pending the availability of equipment, the following assessments may be considered:
0 Ankle brachial pressure index (ABPI) or toe brachial pressure index (TPBI) as a measure of foot perfusion'
o Monofilament testing as a measure of sensation (Expert opinion).
e In addition to physical inspection of the heel, consider an individual’s clinical condition, medical history and risk
factors for heel pressure injury development, including vascular disease, diabetes mellitus, and having previously
experienced heel pressure injuries (Expert opinion).

e Consider referring individuals with a suspected or known compromised vascular status to a vascular specialist as
indicated (Expert opinion).

Evidence Discussion

Due to vascular disease and tissue thinning associated with aging, and the presence of avascular fat in the heel, the
heel is at risk of pressure injuries. As noted in the guideline chapter on Risk Factors and Risk Assessment, alterations
to perfusion and circulation (including diabetes mellitus) increases the risk of pressure injuries.Vascular status is
particularly significant to the prevention and treatment of pressure injuries of the heel,” and should be included
when conducting a comprehensive assessment of the heels.

One study'® indicated that having peripheral arterial disease increases the risk of heel pressure injuries, possibly due
to decreased blood flow to the heel. In individuals in a community hospital (n = 30), peripheral arterial disease was a
significant factor for heel pressure injuries in a multivariable analysis (odds ratio [OR] 11, 95% confidence interval [CI]
1.99 to 60.57)' (Level 3).

In individuals in acute care who had hospital and community acquired pressure injuries (n = 337),"° diabetes mellitus,
vascular disease, immobility, and an admission Braden Scale score of 18 or less were all significant risk factors for heel
pressure injuries in a univariate analysis (Level 3).

Additionally, a prognostic study' showed that heel pressure injuries were less likely to heal when the individual had
peripheral vascular disease. In individuals with heel pressure injuries (n = 140 with 183 pressure injuries), presence of
peripheral arterial disease was a significant factor in a multivariable analysis (hazard ratio [HR] = 0.40, 95% CI 0.20 to
0.81, p =0.010)" (Level 3).
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Along with other comorbid conditions, research has emphasized how compromised blood flow or disease to the heel
is a risk factor for heel pressure injury occurrence and/or healing. Therefore, it is prudent to consider vascular status
as part of the heel assessment to determine if vascular compromise or disease may be present. A comprehensive heel
assessment will provide a more informed prevention and/or treatment plan that is tailored to the individual.

Health professionals performing vascular assessments require education and training in assessment skills and using
equipment or should make a referral to an experienced health professional. Commonly used non-invasive investigations
for vascular assessment include (but are not limited to) ABPI, TBPI and continuous wave Doppler ultrasound. The
evidence for use of these examinations specifically to assess heel vascularization in relation to pressure injury
prevention and healing is limited. However, there is a strong body of evidence for use of these investigations to assess
lower limb vascularization in other contexts.

The ABPI is commonly used to assess large vessel peripheral vascular disease; however, its use in assessing small vessel
disease of the foot is considered to be limited."” Additionally, caution is required when interpreting outcomes in
individuals with diseases such as diabetes mellitus.”™' With respect to assessment in relation to heel pressure injuries,
a retrospective chart review completed for 83 participants with 92 heel pressure injuries'® found that ABPI may not be
an accurate and reliable measure of arterial flow to the heel. Nearly 47% of cases had non-compressible vessels, and
in 50% of cases with compressible vessels, the ABPI did not measure an artery that directly reflected heel perfusion
(i.e., the posterior tibial artery) (Level 4). Therefore, TBPI or Doppler ultrasound may provide a more accurate vascular
assessment of the foot."

Positioning to Prevent and Treat Heel Pressure Injuries

6.2: For individuals at risk of heel pressure injuries and/or with Category/Stage | or Il pressure injuries, elevate
the heels using a specifically designed heel suspension device or a pillow/ foam cushion. Offload the heel
completely in such a way as to distribute the weight of the leg along the calf without placing pressure on the
Achilles tendon and the popliteal vein.

(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Evidence from moderate'?2° and low?' quality Level 1 studies demonstrates that elevating the heels reduces the risk
of pressure injuries. Incidence of pressure injuries were lower using both a regular foam cushion?' and using a foam
heel suspension boot'?° than when heels were not elevated. As well as being more effective than normal care with
no heel elevation,'®?° a foam heel suspension boot was also shown to be more effective in reducing pressure injuries in
one high quality Level 1 study,? and more effective for improving condition of reddened heels in a low quality Level
2 study.?* One low quality Level 4 study showed reductions in any heel pressure injuries of 43.8% and a 67% reduction
in Category/Stage Ill or IV heel pressure injuries.?* Two low quality Level 4 studies?>?¢ provided evidence supporting air
filled heel elevation boots? and low friction fabric heel elevation boots.?

Implementation Considerations

e Ensure the heels are free from the surface of the bed (Expert opinion).
*  When selecting a heel suspension device consider:

o  The individual’s clinical condition, including factors that may increase movement of the legs (e.g., agitation
and muscles spasms)

Skin integrity and presence of edema

Anatomical appearance/alignment of the hip, foot and lower leg
Plan of care

The individual’s tolerance of the device

©c O o o ©o

The manufacturer’s guidelines. (Expert opinion).

¢ Knee should be in slight (5° to 10°) flexion (Level 5).

* Avoid areas of high pressure, especially under the Achilles tendon. Distribute pressure along the full length of the
calves (Expert opinion).

e Consider selecting a device with a positioning block if the individual’s foot is not aligned in optimal positioning
(e.g., if the foot falls into lateral or external rotation) (Expert opinion).
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e Apply heel suspension devices according to the manufacturer’s instructions (Expert opinion).

* Remove the heel suspension device periodically (at least twice/day) to assess skin integrity and perfusion status.
Remove the positioning device more frequently if edema or fluid shifting is present (Expert opinion).

Evidence Discussion

Heel elevation

Pressure can be relieved by elevating the lower leg and calf from the mattress. Ideally, heels should be free of all
pressure — a state sometimes called ‘floating heels’. Huber et al. (2008)?” documented significant increases in tissue
blood flow to the heels measured using laser Doppler when the heels of non-hospitalized volunteers with and
without peripheral vascular disease were elevated (Level 5). Three studies'?' provide clinical evidence that elevation
of the heels is more effective at preventing pressure injuries than a care regimen that does not include heel elevation.

A multi-center randomized controlled trial (RCT) conducted by Baath et al. (2016)' compared the effect of elevation
of the heel with a foam heel suspension boot applied in the ambulance (intervention group) with normal care (control
group) on the incidence of heel pressure injuries at time of discharge from hospital. A total of 405 older adults (=
70 years) being transferred to hospital via ambulance were recruited. The assigned heel management protocol was
continued on the ward until discharge. The mean hospital length of stay was 7.9 days for the intervention group
and 10.4 days for the control group. Analysis of 183 participants at study conclusion indicated a significantly lower
incidence of pressure injuries in the intervention group compared to the control group (14.6% versus 30%, p = 0.017).
Inter-rater reliability between assessors was not determined, although all the assessors received standard education.™
The study was significantly powered and the results support the elevation of heels for the prevention of pressure
injuries (Level 1).

Donnelly et al. (2011)?° conducted an RCT comparing complete offloading of the heel using a commercial heel
suspension device to standard care that did not include heel offloading. Older adults who were admitted to a trauma
unit with hip fractures occurring within the previous 48 hours and who were pressure injury free (n = 239) were
recruited. The primary outcome of interest was the occurrence of a new Category/Stage | or greater pressure injury
of the heels (or other sites). The intervention group receiving heel elevation developed no pressure injuries on the
ankles, feet or heels. However, the control group with no heel elevation experienced 29 foot/heel pressure injuries (p
< 0.001). Kaplan-Meier survival curves indicated individuals in the control group were more likely to suffer pressure
damage at all points in time (log rank, p = 0.001). Sensitivity analysis showed that when individuals lost to follow-
up were assigned to the pressure injury outcome, the intervention group was still less likely to develop a pressure
injury than those in the control group (p = 0.0001). The hazard analysis indicated that when considering the effect of
multiple clinical and pathological factors that might be specific risk factors, participants randomized to the treatment
group were five times less likely to develop pressure damage (HR = 0.21, 95% Cl 0.008 to 0.54) than the control group
(HR = 1.00). There are some limitations to this study given the frequent protocol violations in relation to support
surface upgrades by the nursing staff (Level 7).

In an RCT, Cadue et al. (2008)?! evaluated the efficacy of placing a foam cushion under the legs to ‘float’ the heels free
from the bed surface. Seventy individuals in intensive care were recruited, with half receiving heel elevation and the
remainder receiving no intervention at the heels. Fewer heel pressure injuries developed among the group receiving
heel elevation (8.5% compared with 54.2% in the control group). There was also a longer heel pressure injury free
time in the heel elevation group (time to development of heel pressure injury was 5.6 days in the heel elevation group
and 2.8 days in the control group). Although small, this study suggests the value of removing all pressure from the
heels (Level 7). Interpretation is constrained by its lack of a formal power calculation and uncertain subject selection
criteria.

Two low quality studies,?*?® both conducted in the UK hospital setting, reported cost analyses suggesting that
elevating the heels with a specifically designed device is associated with cost savings over 12 months?® and longer.?*
The studies?*?® reported actual or projected cost savings to facilities when heel suspension boots were included in a
heel pressure prevention regimen. However, cost implications and potential savings are likely to be highly specific
to geographic location, clinical setting and the level of pressure injury risk of the population, as suggested by the
variable cost savings reported between facilities in the studies.?42¢

Methods for elevating the heels

Elevation of the heels such that they are completely free of the support surface can be achieved using a pillow or foam
cushion under the lower legs, or by using a heel suspension device that floats the heel. Pressure will be distributed
over the larger surface area of the lower legs and the heels, will no longer be subjected to pressure.

148



CLINICAL PRACTICE GUIDELINE 9 HEEL PRESSURE INJURIES

The most accessible method of floating the heels is using a pillow or foam cushion to elevate the lower legs and
completely free the heels from the mattress surface. Pillows/foam cushions placed under the full length of the calves
to elevate heels are appropriate for short-term use in alert and cooperative individuals who are able to maintain
their legs in the appropriate positioning. Pillows or foam cushions used for heel elevation should extend the length
of the calf to avoid areas of high pressure, particularly under the Achilles tendon. In the RCT by Cadue et al. (2008)
reported above, use of a foam cushion to elevate the heels was associated with significantly fewer facility-acquired
heel pressure injuries than when heels were not elevated (8.5% versus 54.2%). However, the participants were in a
critical care setting and had high rates of sedation and mechanical ventilation. For individuals who are more mobile
or who have agitation or other clinical conditions that increase movement of the lower legs, and for individuals
with dementia, positioning with a pillow or foam cushion may be inadequate. In this case, and for individuals with
Category/Stage Il or greater heel pressure injuries (see Good Practice Statement 6.3 below), a heel suspension device
may provide more reliable heel elevation support.

Heel suspension devices are preferable for long term heel elevation, or for individuals who are not likely to keep their
legs on the pillows/foam cushions. Heel suspension devices vary in design and material (e.g., foam heel suspension
boots, air inflated heel suspension boots etc.). An assessment of the individual is required to select the most appropriate
heel suspension device. Consideration should be given to skin integrity, presence of edema, anatomical appearance/
alignment of the foot and lower leg (e.g., deformities or contractures), mobility status, comfort, tolerance of the
device and the manufacturer’s guidelines.

Most studies exploring effectiveness of heel suspension devices for preventing or treating pressure injuries report on
different designs of foam heel suspension boots. The RCT by Bdath et al. (2016)'° that is discussed above demonstrated
significantly fewer pressure injuries with use of a foam heel suspension boot when compared to normal care (14.6%
versus 30%, p = 0.017) (Level 7). The RCT by Donnelly et al. (2011)% also reported above compared the effectiveness
of a foam heel suspension boot plus pressure redistributing support surface (intervention group) to standard care
that included a pressure redistributing surface (control group). There were significantly fewer pressure injuries on the
ankles, feet or heels in the intervention group compared to the control group (0% versus 24%, p < 0.01)% (Level 1).
An RCT conducted by Meyers et al. (2017)?? also demonstrated that heel elevation with a foam heel suspension boot
was associated with significantly fewer pressure injuries than with regular pillows in critically ill individuals (0% versus
41%, p < 0.001)?2 (Level 1).

Cheneworth et al. (1994) 2 conducted a quasi-experiment comparing the outcomes of Category/Stage | heel pressure
injuries between a foot wrap consisting of gauze pads and undefined dressings wrapped around the heel and a
laminated foam heel suspension boot. Healing and stabilization of the heel pressure injury was seen in 13 of 14
individuals wearing the heel suspension device, while pressure injuries deteriorated or remained the same in the foot
wrap group? (Level 2).

Bales (2012)% demonstrated that a foam heel suspension boot was associated with significantly fewer pressure injuries
than use of intravenous bags for elevating the heels (0 versus 40%, p = 0.006) (Level 2).

Meyers et al. (2010)* reported a foam heel suspension boot was associated with no new heel pressure injuries occurring
and a 55% reduction in heel pressure injuries (described as “abnormal heels” in the study) between admission and
discharge (Level 4). A retrospective analysis conducted by Rajpaul et al. (2016)* investigated the incidence of pressure
injuries in high-risk individuals in two hospitals. Heel elevation with a foam heel suspension boot was associated with
a 43% reduction in heel pressure injuries in one hospital and a 67% reduction in Category/Stage Il or IV heel pressure
injuries in the second hospital®* (Level 4).

Use of air filled? and low friction fabric?® heel suspension boots has also been explored in small observational studies.
One observational study (n = 17)?> suggested that using a four celled, air inflation heel suspension boot can prevent
pressure injuries in individuals receiving rehabilitation care (Level 4). However, the study was short (two weeks) and
provided no comparison between either not elevating heels, or using a different type of heel suspension device,
limiting the inferences that can be made from the results. A second observational study? conducted with hospitalized
individuals reported a reduction in the rate of avoidable heel pressure injuries observed in the facility from 32% to
27.3% over four years after the introduction of a low friction fabric suspension boot?¢ (Level 4).

A variety of heel suspension devices are used in the operating room; however, evidence was limited to a cross-over
quasi experiment®® comparing the use of a protype device to a viscous gel heel block and various support surfaces.
Heel offloading devices (both the protype device and heel blocks) were associated with significant reductions in
interface pressure at the heel than comparator support surfaces®® (Level 5).

Some support surfaces include technologies that allow for reduction of pressure to the heels. For example, some
alternating pressure air mattresses incorporate features that enable reduction of the support surface pressure at the
heels.3 Research is required to evaluate the effectiveness of these support surfaces in preventing heel pressure injuries.
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Heel elevation positioning

Flex the knee slightly to avoid popliteal vein compression and increased risk of deep vein thrombosis (DVT). There
is indirect evidence that hyperextension of the knee may cause obstruction of the popliteal vein, and this could
predispose an individual to DVT. Huber et al. (2009) 32 studied the popliteal veins of 50 individuals under general
anesthesia using heel elevators. Using duplex ultrasonography to examine the incidence of popliteal vein compression
when the knees were flexed and extended, they found a significant reduction in popliteal vein diameter in extension
compared with the diameter in flexion (p < 0.001).32

Heel suspension devices should be applied so as to avoid creating areas of increased pressure under the device. Ensure
that the heel suspension device is not too tight and does not create additional pressure damage, particularly in
individuals with deformities, contractures or other factors influencing positioning.

Evaluating heel elevation

The skin under a heel suspension device should be checked routinely for device-related pressure damage. Check the
skin more frequently and adjust the device in individuals with, or likely to develop, lower extremity edema, individuals
with peripheral vascular disease, individuals with neuropathy/reduced sensation, and individuals with reduced ability
to communicate points of pressure or pain.

Comfort for the individual is an important factor when selecting a heel suspension device. Baath et al. (2016)' found
that a foam heel suspension boot was associated with lower ratings of pain compared to standard care that did not
include heel elevation. However, in the same trial individuals described a foam suspension boot as too warm, sweaty,
itchy and uncomfortable in side-lying positions.' Participants in other studies reported similar concerns?*% (Levels 1
and 4). This highlights the importance of evaluating the individual’s tolerance to the device and selecting a different
type of device if necessary.

6.3: For individuals with a Category/Stage lll or greater heel pressure injury, elevate the heels using a device
specifically designed for heel suspension, offloading the heel completely in such a way as to distribute the
weight of the leg along the calf without placing pressure on the Achilles tendon and the popliteal vein.

(Good Practice Statement)

Implementation Considerations

¢ Due to the time required for healing full thickness pressure injuries, a device that completely offloads the pressure
injury and prevents foot drop is preferred (Expert opinion).

Discussion

Once a pressure injury develops, pressure relief on the heel is needed to promote perfusion and healing. Pressure on
Category/Stage lll, IV, and unstageable heel pressure injuries and deep tissue pressure injuries of the heel should be
completely offloaded as much as possible. Heel suspension devices are preferable for long-term use, or for individuals
who are not likely to keep their legs on the pillows; elevation of the heel on a pillow is usually inadequate. Due to
the time required for healing deeper pressure injuries, a device that completely offloads the heel and prevents foot
drop is preferred.

Prophylactic Dressings for the Heels

Prophylactic dressings are dressings that are applied to intact skin over a pressure point with the aim of preventing a
pressure injury. Use of prophylactic dressings should be an adjunct to, rather than a replacement for heel elevation.
Different types of prophylactic dressings are available, including those designed specifically for application to the
heel. In the laboratory setting, prophylactic dressings have been found to reduce the forces of pressure, friction and
shear through multiple layer construction;*3*3> protect fragile skin from shear with specially designed adhesives;??
and influence microclimate.?® A full discussion of specific characteristics of prophylactic dressings and the ways they
protect pressure points is presented in the guideline chapter on Preventive Skin Care.

6.4: Use a prophylactic dressing as an adjunct to heel offloading and other strategies to prevent heel pressure
injuries.
(Strength of Evidence = B1; Strength of Recommendation = 1)
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Evidence Summary

The recommendation is supported by moderate3” and low?®® quality Level 1 studies, and high®* and moderate* quality
Level 3 studies providing evidence on two different foam dressings designed for application to the heels and one low
quality Level 2 study*' providing evidence for a transparent polyurethane film. The different types of prophylactic foam
dressings, a multi-layered soft silicone foam dressing?:3° and a polyurethane foam dressing®4° were both associated
with statistically significantly fewer heel pressure injuries than standard care that included either no prophylactic
dressing33%4° or gauze padding and bandage.*® In both the Level 1 studies, the heel pressure injury incidence rate was
around 3% when using either type of prophylactic foam dressing,*’*® while the rate of pressure injuries using the
polyurethane film was around 6%.*'

Implementation Considerations

e Continue to implement other measures (e.g., heel offloading and regular repositioning) to prevent heel pressure
injuries when using a prophylactic dressing (Expert opinion).

*  When selecting a prophylactic dressing consider:

Appropriateness of the size and design of the dressing to apply to a heel

Ability to manage the microclimate

Ease of application and removal

Ability to maintain the dressing on the heel

Ability to regularly assess the skin under the dressing

The individual’s preferences, comfort and any allergies

Coefficient of friction at the skin-dressing interface

© 0 © © 0o o o ©o

Cost and accessibility of devices. (Expert opinion).

e Continue to assess the skin under a prophylactic dressing at least daily to evaluate the effectiveness of the
preventive care regimen. Many dressings have features that facilitate regular skin assessment (e.g. transparency,*'
silicone borders,3”3° non-adhesive edges, 4 etc.) (Levels T and 3).

¢ Replace the prophylactic dressing if it becomes dislodged, loosened or excessively moist,?”3 if the dressing or skin
underneath become soiled, and according to the manufacturer’s instructions (Levels 1 and 3).

e A tubular bandage can assist to keep the prophylactic dressing in place3”* (Levels 1 and 3).

e For individuals at high risk of pressure injuries, application of a prophylactic dressing should be initiated as early
as possible in the care pathway when feasible (e.g., applied in the ambulance or emergency room)3” (Level 1).

¢ Follow manufacturers’ instructions for use (Expert opinion).

Evidence Discussion

Prophylactic dressings differ in their qualities; therefore, it is important to select a dressing that is appropriate to the
individual and the clinical use. Evidence supporting the application of a prophylactic dressing to the heels of individuals
at risk of developing heel pressure injuries includes reports on multi-layered soft silicone foam dressings,37:3%42
polyurethane foam hydrocellular dressings,®®4° polyurethane film*' and heel silicone pads.®* The available evidence
provides comparison of different heel prophylactic dressings to each other, or to a standard care regimen that explicitly
included heel elevation. There are no studies meeting inclusion criteria comparing the relative effects of applying a
heel prophylactic dressing when the heels are elevated. Prophylactic dressings should be considered an adjunct to
positioning and elevation.

There is indirect evidence indicating that applying a prophylactic dressing reduces the interface pressure at the
heel. Reduction in interface pressure has been demonstrated with a silicone foam border prophylactic dressing in
an observational study*? conducted with healthy volunteers (n = 50) that showed effectiveness in reducing interface
pressure within four minutes, which was significant compared to no dressing in situ*> (Level 5). Other studies
demonstrate that the reduction in interface pressure translates to a reduced risk of pressure injuries.

Foam prophylactic dressings

Effectiveness of the same prophylactic dressing in reducing heel pressure injury incidence has been demonstrated in
critical care settings.’”*® Santamaria et al. (2013)%” conducted an RCT in which adults admitted to an intensive care
unit (ICU) were randomized in the emergency department to receive either a multi-layered soft silicone foam dressing
applied to the heels (and sacrum) or to a control group receiving standard pressure injury prevention (not described).
A tubular bandage was also used to secure and protect the heel prophylactic dressing. After transfer to the ICU, skin
assessments were performed every two to four hours. The prophylactic heel dressing was changed every three days
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or earlier if dislodged or soiled. There was a significant reduction in overall (i.e., heels and sacrum) pressure injury
incidence (4.3% versus 17.8%, p = 0.002) and in heel pressure injury incidence (3.1% vs 12.5%, p = 0.002) associated
with the prophylactic dressing. The study and analysis were non-blinded and the Category/Stage of pressure injuries
that occurred was not reported (Level 7). Additionally, in an historical control cohort study of 302 individuals in trauma
and critical care Santamaria et al. (2015)3® found lower pressure injury incidence among individuals in the intervention
group (n = 150) receiving the same type of prophylactic heel dressing held in place with a tubular bandage, as
compared to the control group receiving standard prevention interventions only (interventions not described) (0% vs.
9.2%; p < 0.001)%° (Level 3).

In a study of a polyurethane foam hydrocellular dressing,® there was a significant reduction in heel pressure injuries
for a group treated with the foam dressing compared to a group receiving a protective heel bandage that covered
the ankle articulation. Participants (n = 133, n = 111 completed the study) were recruited from three long term
facilities and three home care programs in Spain. Approximately 3% of individuals in the foam prophylactic dressing
group developed pressure injuries compared to 44% in the protective bandaging group. Relative risk of developing a
heel pressure injury was 13.42 (95% Cl 3.31 to 54.3) for the bandaging group compared to the prophylactic dressing
group. It should be noted that heel flotation was not used as a preventive management strategy in this study, and the
bandaging intervention used as a control is not considered best practice (Level 7).

In a retrospective cohort study in Italy, Forni and colleagues (2011)% investigated the effect of a sterile polyurethane
foam pad. Participants were 156 individuals in an orthopedic ward who required the use of a plaster cast to the foot
and who had an existing Category/Stage | pressure injury. The study found that the use of a polyurethane foam pad
in contact with the heel prior to the application of the plaster cast resulted in fewer heel pressure injuries upon
removal of the cast as compared to the control group who did not have a polyurethane foam dressing applied (3.6%
intervention group vs. 42.9% control group). The difference equated to a 92% reduction (95% Cl 58% to 97%) in heel
pressure injuries with the use of the foam dressing*® (Level 3).

Film prophylactic dressings

Souza et al. (2013)*' studied the efficacy of a polyurethane film dressing in a study of 100 individuals in an ICU who
acted as their own controls. The overall heel pressure injury rate was 32% for this study. The intervention foot (left
heel), which received a prophylactic polyurethane film dressing in addition to standard care, experienced significantly
lower pressure injury rates as compared to the right heel that received standard treatment only (standard treatment
not defined) (6% vs. 18%; p < 0.001)*' (Level 2).

Silicone pad prophylactic dressings

In a study exploring prevention of heel pressure injuries in 14 long term care residents assessed as being at risk or
at high risk, Knowles et al. (2013)*® investigated the use of a silicone pad held in place with a tubular bandage as a
prophylactic dressing (intervention). The comparator group received an alternative polymer-based heel pad, no pad
or a wool pad. Photography and high definition ultrasound were used to assess dermal water content and the extent
of edema as indicators of tissue inflammation. Comparisons were made between results for the heels compared to
adjacent normal skin. In heels receiving the prophylactic dressing and those in the control group, ultrasound results
indicated high levels of edema were present at the trial commencement, after a six-week run in period in which
standard care (no dressings) was delivered. After four weeks, heels receiving the prophylactic dressing demonstrated
reduction in edema, indicating that sub-dermal inflammation had substantially lessened. The comparator group
showed no change in ultrasound measurements over time* (Level 2).

The above results indicate that using a prophylactic dressing is likely to reduce the risk of pressure injuries in individuals
at high risk as compared to not using a prophylactic dressing. Selection of prophylactic dressing for use on the heels
requires consideration of factors influencing application of the dressing and maintaining it in place, the ability to
regularly assess the heel by lifting the dressing, the ability to manage microclimate and the comfort of the dressing,
as determined by the individual.

Treatment of Heel Pressure Injuries

Before treating a heel pressure injury, the healing status of the wound (healable, maintenance, or non-healable)
should be considered along with the individual’s care goals.** Vascular status of the lower limb should be assessed,
and peripheral vascular disease should be addressed before any treatment of heel pressure injuries (see Good Practice
Statement 6.1). Wound bed preparation practices®® that should be adopted when treating heel pressure injuries
include those outlined in the guideline chapters Cleansing and Debridement and Infection and Biofilm.

Of particular significance to treatment of heel pressure injuries is the management of heel eschar. As discussed in the
guideline chapter Cleansing and Debridement, stable heel eschars or eschars in the presence of untreated peripheral
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vascular disease should not be debrided. However, if there is high suspicion of infection, heel eschars should be
debrided to reveal the base of heel pressure injury to enable comprehensive assessment and treatment of the heel
pressure injury. Non-viable, necrotic or infected tissue should be removed via appropriate methods of debridement.

Selection of appropriate heel offloading is critical to treating heel pressure injuries (see Recommendation 6.2 and
Good Practice Statement 6.3).

Selection of an appropriate wound dressing for the heel is often complicated by the difficulty in applying wound
dressings to this anatomical location. Some research has explored padded wound dressings designed specifically for
the heels. In one study* exploring the effectiveness of padded dressings for heel ulcers, there was a significant
difference in healing in a cohort receiving the padded dressing (n = 20) compared to a cohort that did not receive the
padded dressing (n =20; 100% vs 65%, p < 0.01). The padded heel dressing in this study consisted of a non-adherent
mesh dressing applied beneath two rolls of cast padding. There was also significantly lower nursing cost associated
with using the padded heel dressing ($114,080 CAD versus $245,055, p < 0.001) (Level 3).*® The study did not state
clearly the etiology of the heel ulcers and selection criteria for participants was not reported.

Bateman (2014)* conducted an observational study evaluating foam cushions in treating heel pressure injuries.
Participants (n = 50) were recruited from aged care, respiratory and orthopedic wards in a UK hospital. In this study,
100% of Category/Stage | pressure injuries, 80% of Category/Stage Il pressure injuries, 100% of Category/Stage llI
pressure injuries and 66% of Category/Stage IV pressure injuries improved when a foam cushion was used to protect
the heel during healing® (Level 4). Minimal information on how the foam heel cushion was used was provide in the
report and there was no statistical analysis of the results.

Ultimately as with any wound, treatment should be evidence-based, reflective of the wound bed characteristics, and
be consistent with the patient’s goals of care. Treatment regimens should be re-evaluated on a regular basis and the
treatment plan adjusted accordingly.*®
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SUPPORT SURFACES

Introduction

Support surfaces are:

“specialized devices for pressure redistribution designed for management of tissue loads, microclimate, and/or
other therapeutic functions (i.e., any mattress, integrated bed system, mattress replacement, overlay, or seat
cushion, or seat cushion overlay).”’

In this context, pressure refers to distribution of forces on the individual’s body surface that is in contact with the
device. As an individual immerses (sinks) into the support surface, their weight can be redistributed over a larger area.
If the surface also envelops (i.e., conforms to the shape of) the individual, the pressure on the individual’s body will
be more evenly distributed and less concentrated over bony prominences where pressure injuries typically develop.
Periodic recovery from deformation might be achieved if the surface actively reduces tissue loads in vulnerable areas.
In practice, as a person lies or sits on a support surface their weight causes both the support surface and their own soft
tissue to deform. The extent to which forces are concentrated in small areas will determine the degree of potentially
damaging deformation in the underlying skin and soft tissues. Friction is a force resisting an individual’s body from
sliding on the top of the support surface and can contribute to tissue deformation. Friction is in part dependent on
moisture, which might be controlled by targeted support surface features.

Terminology describing types of support surfaces and their features have been developed.? A reactive support surface
is a powered or non-powered support surface with the ability to change its load distribution properties only in
response to an applied load. An active support surface is a powered support surface that has the ability to change
its load distribution properties with or without an applied load.? Support surfaces with alternating pressure features;
that is, a feature that provides pressure redistribution via cyclic changes in loading and unloading (i.e. inflation and
deflation of air-filled cells) as characterized by frequency, duration, amplitude, and rate of change parameters are an
example of an active support surface.?

Support surfaces are typically constructed from a range or combination of materials including, but not limited to, air,
foam, gel and fluid and incorporate specific structures (e.g., bladders and modules that may be arranged in zones
corresponding to anatomical locations). Support surfaces can either be powered or non-powered. Power is used in
some devices to alter the immersion and envelopment characteristics of the surface, to control the microclimate or to
periodically redistribute pressure. Powered features designed to influence the microclimate include heating, cooling
and controlling moisture dissipation. A powered feature intended to affect microclimate is low air loss. Low air loss
describes a feature where air is circulated beneath a water vapor permeable cover to control the humidity at the
interface between the individual and the support surface. A low air loss feature might be included on either an active
or reactive support surface. Powered features designed to change load bearing characteristics include air fluidization
of granular materials (e.g., beads). Another example of a powered support surface is a support surface that adjusts air
volume within bladders in response to the weight and/or morphology of the individual.

Support surface characteristics such as immersion, envelopment, and microclimate modification will vary substantially
from device to device both within and across categories (active or reactive), if they are powered or non-powered, or
if they implement such features as alternating pressure and low air loss. Standard tests that quantify performance
characteristics have been developed to assist in matching users’ needs to support surface capabilities. The
Rehabilitation Engineering and Assistive Technology Association of North America (RESNA) in collaboration with the
American National Standards Institute and the National Pressure Ulcer Advisory Panel (NPUAP) has published standard
test methods for quantifying most of these characteristics for mattresses.? The RESNA standard? includes methods
to measure immersion, envelopment, heat and water vapor dissipation, and horizontal stiffness. Importantly, the
standard is intended to offer methods of bench testing to identify clinically meaningful metrics of support surfaces
for comparison. A consensus document from The Tissue Viability Society provides guidance on the measurement of
interface pressures applied by active therapy support surfaces.? International standards have also been published
to describe performance characteristics for seat cushions.* None of these standards include thresholds to represent
specific levels of performance, as these requirements generally vary from person to person. Standards also serve
manufacturers as a product development guide and to enhance product quality. Refer to the Glossary for selected
terms and definitions associated with support surfaces.

This chapter addresses support surface recommendations for individuals at risk of pressure injuries or with existing
pressure injuries, including individuals with a range of population-specific needs (e.g., neonates and children, obese
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ividuals and critically ill individuals). The guideline chapter on Pressure Injury Surgery includes discussion on support

surface use following surgical repair of pressure injuries.

Clinical Questions

The clinical questions that guided the development of this chapter were:

What reactive support surfaces are effective in preventing pressure injuries?

What active support surfaces are effective in preventing pressure injuries?

When should an active support surface be used to prevent pressure injuries?

What is the most effective seating support surface for preventing pressure injuries?
What reactive support surfaces are effective in supporting pressure injury healing?
What active support surfaces are effective in supporting pressure injury healing?
When should an active support surface be used to support pressure injury healing?
What is the most effective seating support surface for preventing pressure injuries?

Support Surface Selection and Use

Support surfaces are an important element in pressure injury prevention and treatment because they can prevent
damaging tissue deformation and provide an environment that enhances perfusion of at risk or injured tissue.
Support surfaces alone neither prevent nor heal pressure injuries, but support surfaces play a significant role in an

ind

ividualized comprehensive management plan for pressure injury prevention and treatment. Pressure injury risk

factors vary from person to person. Choosing a support surface for an individual should take into account their specific
needs.

7.

(Good Practice Statement)

1: Select a support surface that meets the individual’s need for pressure redistribution based on the following
factors:
¢ Level of immobility and inactivity
* Need to influence microclimate control and shear reduction
¢ Size and weight of the individual
* Number, severity and location of existing pressure injuries
¢ Risk for developing new pressure injuries.

Implementation Considerations

Continue to reposition individuals regardless of the type of pressure redistribution support surface being used.
Advise individuals to perform regular offloading and repositioning as much as possible when spending prolonged
periods on any support surface (Expert opinion).

Choose a support surface that is compatible with the care setting. For individuals in the community, consider the
impact support surfaces might have on the home environment, sleeping arrangements and safety. Make selections
for support surfaces used in the home in consultation with the individual and their informal caregivers (Expert
opinion).

Some support surfaces can reduce mobility and egress from the bed. Balance the need to prevent pressure injuries
with promotion of early mobilization and activity (Expert opinion).

Choose positioning devices, incontinence pads, clothing and bed linen that are compatible with the support surface
(Expert opinion). Bed linen is discussed in more detail in the guideline chapter Preventive Skin Care.

Limit the amount of linen and pads placed on the support (Expert opinion).

Routinely check for ‘bottoming out’ of the support surface. The weight of an individual, as well as weight
distribution and shape, may cause support surface deformation beyond critical immersion whereby effective
pressure redistribution is lost (Expert opinion).

Examine the functionality of the support surface on every encounter with the individual and identify potential
complications (Expert opinion).

Evaluate the appropriateness of the support surface after every risk or skin assessment (Expert opinion).

Before use, verify that the support surface is being used within its functional life span, as indicated by the
manufacturer’s recommended test method (or other industry recognized test method) (Expert opinion).
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Selecting a Support Surface in All Care Settings

Immobility is the key condition that increases risk of pressure injuries. This risk is increased when immobile individuals
are unable to turn or reposition themselves, are experiencing pain and discomfort on movement, or when they are
unaware of the need to move about in bed. The key support surface characteristics to consider when selecting a
support surface are those features and characteristics that affect pressure redistribution, friction and shear force
management, and microclimate. Friction and shear force management are particularly important for individuals using
a support surfaces with the head of the bed raised or who are immobile and may be dragged across the support
surface. Friction and shear can be reduced with a low friction fabric® (see the guideline chapter Preventive Skin Care).
Individuals with damp skin (e.g., from perspiration, moisture trapping, fever and incontinence) may benefit from
microclimate features. The coefficient of friction is greater over moist skin, potentially resulting in greater tissue
damage.®’

When selecting a support surface, consideration should be given to where the support surface and/or bed will be
placed. Consider:

¢ Weight of the bed

e Structure of the building, including width of doors

e Availability of uninterrupted electrical power

e Safe location for the pump or motor, including its ventilation.

Contingency plans for power failure should be in place.

Powered support surfaces can generate heat, noise and motion. One trial conducted in older women confined to
bed (n = 10) reported that automated tilted beds were associated with a non-significant change in high frequency
components of the heart rate; however, this is an infrequent occurrence® (Level 5). These factors have varying levels
of acceptability.

Beds that produce air flow at the skin interface (i.e., specifically air fluidized beds) can accelerate the evaporation
of perspiration.® In some cases this may lead to dehydration; however modern bed systems often have features to
control air flow. This insensible loss should be considered in daily fluid status assessment. Beds that lead to a sensation
of floating may lead to disorientation and confusion; in such cases, reorientation and explanations of the bed’s
function may be helpful.

Individuals should not lie on a pressure injury. However, there are situations in which the individual cannot be
positioned off a pressure injury because there are pressure injuries on multiple anatomical sites. For individuals with
existing full thickness pressure injuries (i.e., Category/Stage lll or IV pressure injuries, unstageable pressure injuries and
deep tissue pressure injuries), perfusion to injured tissue may benefit from support surfaces with additional features
(e.g., alternating pressure or air fluidized). Other support surfaces may be adequate for partial thickness pressure
injuries (i.e., Category/Stage | and Il pressure injuries). See below for recommendations on selecting support surfaces
specifically for individuals with existing pressure injuries.

After selecting a support surface its appropriateness should be verified with the individual using the support surface.
Any support surface can fail, be less than adequate for an individual’s clinical needs, or be uncomfortable.

7.2: Ensure that the bed surface area is sufficiently wide to allow turning of the individual.
(Strength of Evidence = C; Strength of Recommendation = 1*)

Evidence Summary

There is indirect evidence' to suggest that individuals with obesity require a wider bed to adequately turn/be
repositioned from one side to the other. Although there is no documented research, it is logical that providing a
wider bed surface for individuals with overweight or obesity would reduce the risk of pressure on the skin and tissue
from bed rails. There is no direct evidence to empirically demonstrate that providing a bariatric hospital bed prevents
pressure injuries from occurring.

Implementation Considerations

e Bed sides or rails, bedside furniture and equipment at the bedside can be a source of device related pressure
injuries if there is insufficient clearance between the individual and the edge of the bed (Expert opinion).
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* Be aware of manual handling risk to the caregiver (i.e., staff leaning/reaching further to care for an individual)
when using extra wide beds (Expert opinion).

* Use equipment (e.g., beds, chairs, transfer equipment etc.) that is sufficiently wide and strong to accommodate the
individual’s girth and weight (Expert opinion).

e Ensure the bed is an adequate length to enable correct positioning of the individual on the support surface (Expert
opinion).

Evidence Discussion

Standard beds are 32 to 36 inches (81 to 91 cm) in width. Individuals who fill the width of the bed may be restricted
in their ability to turn side-to-side or into positions that offload the sacral area. Selection of support surfaces should
also consider the individual’s body dimensions, ensuring there is adequate space for repositioning. When selecting
equipment for individuals with obesity, sometimes body weight or body mass index (BMI) can be misleading. Different
body shapes may indicate that equipment is appropriate based on weight; however, there may be inadequate breadth/
width. In a laboratory study with overweight or obese volunteers,'® waist circumference was the best predictor of the
surface width required for the individual to turn from one side to the other. Body mass index (BMI) was correlated
with the surface width required to turn from supine onto one side. The study found that for individuals with a BMI
over 40 kg/m?, a 50 inch (127 cm) bed surface is required for adequate repositioning. Individual with a BMI below 35
kg/m?required a 36 inch (91 cm) wide bed surface' (Level 5).The measure of an individual’s hip breadth should also
be considered when selecting the most appropriate equipment for the individual.

Most facilities will require a range of bariatric equipment to accommodate different body shapes, sizes and mobility
status. The equipment needs of a larger, mobile individual are different than those of an individual with obesity who
is immobile or unconscious. Diagnostic equipment (e.g., magnetic resonance imaging) often does not accommodate
the breadth of an individual with obesity. Measure the individual’'s physical dimensions prior to proceeding with
imaging procedures.

7.3: For individuals with obesity, select a support surface with enhanced pressure redistribution, shear reduction
and microclimate features.
(Good Practice Statement)

Discussion

Individuals with obesity are at increased risk of pressure injuries. Obese individuals often experience increased shear
and friction, and increased difficulty in redistributing pressure. People with obesity are also at increased risk of stress
incontinence and diaphoresis, as well as heat and moisture trapping between the body and the support surface. A
support surface that optimizes pressure redistribution and microclimate control is required.

In a small observational study (n = 21), Pemberton et al. (2009)" provided a low air loss, continuous lateral rotation
bed with advanced microclimate technology to individuals with obesity (BMI > 35 kg/m?, mean BMI was 51.4 = 10.3
kg/m?) and pressure injuries. The individuals spent an average of 4.8 + 2.5 days (range two to eight days) on the
specialized support surface. Over the study period no new pressure injuries developed, and existing pressure injuries
decreased from an average size of 5.2 + 2.6 cm? to an average size of 2.6 £ 5.0 cm?(p = not reported). Mean participant
comfort rating for the surface was 3.9 out of 4 (Level 4).

Using Support Surfaces in All Care Settings

After selecting a support surface, in all cases, the manufacturer’s recommendations for the use and maintenance
should be followed. It is widely recognized that support surfaces have a finite life span. Determining the condition of
a support surface can be accomplished through contractual support surface performance verification conducted by
the manufacturer, or by staff trained in the use of industry recognized test methods.'>"*

Proper selection and operation of support surfaces is the key to preventing complications. Correctly fitting the mattress
to the bed base will mitigate entrapment risks. Overlays placed on top of existing mattresses can elevate the surface
to the level of side rails. The top of the side rail should be more than 8.66 inches (220 mm) above the uncompressed
mattress (International Electrotechnical Commission [IEC] 60601-2-52). The additional height may make it difficult to
transfer onto the bed from a seated position. High beds may be difficult to get in and out of, increasing the risk of
falling and injury.
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Caregivers and users should follow the supplier’s instructions regarding maintenance schedules and care and use of
the support surface. Caregivers and users must monitor for power failure and ‘bottoming out’ (i.e., exceeding the
critical immersion threshold) and implement the contingency plan if needed. To prevent falls, electrical cords should
be kept away from transfer/walk areas. Support surface pumps and motors should not be obstructed by pillows,
bedding, blankets, or clothing. The obstructed motor may overheat and fail to operate. These considerations are
especially important for individuals in the home care setting and should be reviewed with the individual or caregiver.
Safety suggestions for using powered support surfaces include:

¢ Avoiding the use of an electric blanket

e Ensuring hot equipment (e.g., hair dryer, heaters), candles and smoking is not within the vicinity of the mattress
* Not overloading power sockets

¢ Installing smoke detection systems.*1>

Fire retardant properties must meet local standards. However, some materials used to reduce fire risk may compromise
management of tissue loads and microclimate. Comprehensive guidance on safety is included in the international
standard on general requirements for support surfaces.'® Specific guidance on the flammability of seating support
surfaces can be found in the international standards for wheelchairs and wheelchair seating.*

Devices with sharp edges should not be used near support surfaces. Foam positioning wedges can be used to raise
the head of the bed in some air fluidized beds. Bed linen, foam devices, and incontinence pads may be necessary to
manage comfort, positioning, and moisture. Consider the individual’s condition and the types of support surfaces
being utilized in order to determine the type and amount of linen to be used. A general rule of thumb is “less is best.”
In one laboratory study, the impact of adding various combinations of incontinence pads and linen layers to a low-air-
loss and to a therapeutic foam support surface was investigated using a pelvic indentor model. The findings indicated
statistically significant (p < 0.0001) increases in peak sacral interface pressure for all combinations of additional bed
linen and/or incontinence pads compared with a single fitted sheet. The percentage increase in peak sacral interface
pressure was larger in low-air-loss bed compared to a high specification foam mattress'” (Level 5).

When selecting linen and incontinence pads to place on support surfaces with low air loss features, avoid impeding
airflow as this will interfere with the thermal performance properties of the surface. If plastic-backed incontinence
pads must be used, use them for dignity when the individual is ambulating and remove them when in bed, or place
the pad loosely against the skin to promote as much air flow as possible.'®

Repositioning is still required for pressure relief and comfort when a support surface is in use. The Repositioning and
Early Mobilization chapter provides recommendations and discussion on repositioning.

Mattress and Bed Support Surfaces for Individuals at Risk of Pressure Injuries

Support surfaces can mitigate pressure injury risk by redistributing pressure, managing friction and shear, managing the
microclimate. Pressure redistribution is achieved by either increasing the body surface area that comes in contact with
the support surface through immersion and envelopment (to reduce concentrations of weight over bony prominences)
or sequentially altering the parts of the body that bear load, thus reducing the duration of loading at any given
anatomical site. Measures of interface pressure (pressure at the interface between the body and the support surface)
have been frequently reported as surrogate indicators of support surface pressure redistribution efficacy. However,
the relevance of interface pressure measurement on individuals is questionable given wide inter-individual responses
to applied loads and uncertainty of the relationship between surface pressure and potentially damaging stress and
strain in deeper tissues. Recently published US standards? suggest that immersion and envelopment should be used to
characterize pressure redistribution and provide test methods for these parameters. In addition to tests for immersion
and envelopment, the standards? provide three methods as options for assessing microclimate management:

¢ Measurement of evaporative capacity (expressed in units of g/(m?*hr) and resistance to heat (expressed in units of
W/m?2)
¢ Measurement of the volume of water transferred from a heated water bladder to the surface

* Measurement of relative humidity and temperature after applying a source of water vapor through a simulated
user.

Finally, the standards,? American National Standard for Support Surfaces - Volume 1: Requirements and Test Methods
for Full Body Support Surfaces (ANSI/RESNA SS-1:2019), provide a test method for assessing the resistance to horizontal
displacement that is representative of those forces that might occur if an individual were tending to slide down the
support surface with the head of the bed raised.
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Single Layer High Specification Foam Mattresses

Characteristics of a high specification single layer foam mattress are presented in Table 10.1.

7.4: Use a high specification reactive single layer foam mattress or overlay in preference to a foam mattress
without high specification qualities for individuals at risk of developing pressure injuries.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Evidence from six moderate and low quality Level 1 studies'?* showed that for individuals at risk of pressure injuries,
a high specification foam mattress or overlay is associated with significantly fewer pressure injuries compared with a
standard hospital mattress. While three low quality Level 1 studies®?’ reported there was no significant differences
between a high specification and a standard foam mattress, these studies were of short duration, and one reported
no pressure injuries occurred in the study period.?> Additionally, one of these studies?® showed that individuals on
a high specification mattress had a significantly longer period of time before a pressure injury occurred. Evidence
from two moderate and low quality studies?®*? showed there is no significant differences between different types
of high specification mattresses or overlays. Evidence from one moderate quality Level 2 study3® found no difference
between a high specification foam pad and a foam pad and when pooled, these two reactive support surfaces were
not significantly different to an alternating pressure mattress for preventing pressure injuries. Two low quality
Level 1 studies®?° reported that individuals rated a high specification mattress as more comfortable than a standard
hospital mattress. No recent cost analyses are available to indicate the resource requirements to implement this
recommendation; however, ensuring high specification foam mattresses are available could have substantial cost
implications in settings or facilities where these support surfaces are not standard.

Implementation Considerations

e Continue to reposition individuals placed on a pressure redistribution support surface. See the guideline chapter
on Repositioning and Early Mobilization for evidence-based recommendations on repositioning.

e Select a high specification support surface for premature infants and younger children to prevent occipital pressure
injuries®' (Level 5).

* Not all foam mattresses meet high specification standards (see Table 10.1) (Expert opinion).

e Audit all support surfaces use for pressure injury prevention in the facility and ensure they are appropriate for use
(Expert opinion). The guideline chapter Implementing Best Practice in Care Settings provides further information
on reviewing facility equipment.

Evidence Discussion

The studies investigating reactive support surfaces that compared standard foam and alternative foam mattresses
provided evidence of varying quality. Generally, the studies fail to adequately describe the “standard hospital
mattress” used as a comparator, and many studies have limited information on the experimental support surfaces
and their mechanisms of action. Some studies excluded Category/Stage | pressure injuries in the reported incidence
rates. The variations in interventions and outcome measures, the diverse range of study participants and limitations
in reporting make comparisons and interpretation of the evidence difficult. However, the evidence suggests that
high specification foam mattresses are associated with a significant reduction in pressure injuries in at-risk individuals
when compared to standard hospital foam mattresses. Standard hospital foam mattresses may be made from inferior
foam that is not highly resilient, has a lower or higher support factor, or together with the cover does not allow for
sufficient moisture vapor transmission.

Studies exploring the effectiveness of high specification foam mattresses have demonstrated large reductions in
pressure injury incidence in populations reported to be at moderate to high risk of pressure injuries. Park et al.
(2017)' reported that hospitalized individuals at moderate to high pressure injury risk receiving a high specification
viscoelastic foam overlay placed on a standard mattress (n = 55) experienced statistically significantly fewer Category/
Stage | or greater pressure injuries than individuals receiving only a standard hospital foam mattress (n = 55) (3.6%
vs 27.3%, p = 0.001) (Level 7). In another study conducted in hospitalized individuals with moderate to high pressure
injury risk (n = 170), a high specification mattress was associated with significantly lower incidence of Category/
Stage Il pressure injuries after ten days compared with a standard hospital mattress (7% versus 34%)% (Level 1). In
the orthopedic surgery setting, individuals (n = 36) with a high pressure injury risk experienced a significantly lower
incidence of Category/Stage Il or greater pressure injuries with a high specification cubed foam mattress compared to
a standard hospital foam mattress (24% versus 68%).%* (Level 1).
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Although some randomized controlled trials (RCTs)?*2¢ failed to demonstrate a statistically significant reduction in
pressure injury incidence associated with providing a high specification foam mattress to individuals at moderate to
high risk of pressure injury, these studies did follow up at longer duration or until pressure injury onset. In a large
RCT (n = 1,168), Russell et al. (2003)?° presented a seven-day survival analysis demonstrating a statistically significant
decrease (p = 0.042) in Category/Stage | pressure injuries associated with a high specification viscoelastic polymer foam
mattress compared to a standard hospital foam mattress. However, although there was a decrease in the incidence of
Category/Stage | pressure injuries that occurred in the high specification viscoelastic polymer foam mattress group,
this was not significant (10.9% to 8.5%, p = 0.17)%° (Level 1). Likewise, a large RCT (n = 1,729) by Berthe et al. (2007)?¢
showed that the time to develop a pressure injury was longer in the individuals receiving a high-specification foam
mattress with block structure compared to those receiving a standard hospital foam mattress (31 days versus 18 days,
p < 0.001),%¢ although overall pressure injury incidence was not significantly different (p = 0.154) (Level 1).

Some smaller studies with methodological limitations, reported no significant effect on overall pressure injury
incidence. Additionally, the study populations may not have had a moderate to high risk of pressure injuries. In an
RCT, Gray and Smith (2000)?” compared a high specification foam mattress (n = 50) to a standard 5 inch (130 mm) thick
hospital foam mattress (n = 50) in individuals from surgical, orthopedic, and medical wards. There was no significant
difference between the two groups in Category/Stage Il to IV pressure injury incidence (2% in both groups).?” (Level
7). A small RCT (n = 90) that appears to be underpowered for the study design failed to demonstrate a statistically
significant difference in Category/Stage | or greater pressure injury incidence for seven different high specification
mattresses each compared to a standard hospital foam mattress. No pressure injuries occurred in the trial.?> (Level 1)

A systematic review3? pooled the results of five RCTs conducted between 1994 and 2003 comparing foam alternatives
with the standard hospital foam mattress. Mclnnes et al. (2015)3? concluded that high specification foam mattresses
reduced the incidence of pressure injuries in individuals at risk (risk ratio [RR] 0.40).

A number of RCTs?$2%33 have conducted comparisons between different types of high specification foam mattresses
and overlays. The studies, conducted in critically ill,” orthopedic®® and geriatric?>3* populations, provided evidence that
no type of high specification foam mattress is superior to any other high specification foam mattresses. In a systematic
review, Mclnnes et. al. (2015)3? pooled RCTs comparing different higher specification foam mattresses and found no
apparent difference in the incidence of pressure injuries. Additionally, studies reported no statistically significant
differences in pressure injury incidence between a high specification foam mattress and either a reactive air mattress
(4.8% versus 17.1%, p = 0.08)?2 or an alternating pressure air mattress (risk ratio 0.90, 95% Cl 0.51 to 1.58)3° (Level 2).

Characteristics of a single layer high specification foam mattress

Table 10.1 outlines consensus opinion,* describing characteristics for a single layer foam support surface to be
considered a high specification foam mattress. It cannot be assumed that the support surfaces reported in the studies
outlined above conform to these specifications. We encourage readers to refer to the studies on high specification
foam mattresses, and the relevant manufacturer websites to review the characteristics of the surfaces used in these
studies. This knowledge can guide selection of comparable high specification foam mattress for clinical use.

Table 10.1: Consensus on characteristics that constitute a single layer high specification foam mattress*

Characteristic Explanation High specification mattress

Foam type Polyurethane foams vary in cell structure and density. High resilience (HR) Type HR3>3¢- high
foam has relatively uniform and dense cell structure that allows it to provide  resilience?2:37
good support while loaded, and also to maintain its shape when unloaded.?”

Density Foam density is expressed in units of Ib/ft? or Kg/m3. Density affects many > 35 kg/m?3(2.18 Ib/f? 3
foam characteristics including resistance to heat flow, durability, resilience,
stiffness and strength, among others.

Hardness Foam hardness characterizes the ability of foam to ‘push back’ and carry 40% IFD = 130 N35
weight. Foam hardness is expressed as the amount of force in Newtons (N)
required to indent a sample of the foam by a specific percentage of the
original thickness, using a small flat disk indenter. This measure is known
as indentation force deflection (IFD).?® In Australia and Europe, hardness is
characterized by 40% IFD. In the US, stiffness is characterized at 25% IFD.3®
The cover and bed linens used can affect IFD if they impede immersion and
envelopment.
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Characteristic Explanation High specification mattress
Support factor Support factor (also known as compression modulus) is the ratio of 65% Support factor in the range
IFD to 25% IFD. Support factor is used to characterize the foam mattresses of 1.75to 2.4%

stiffness. Support factor relates to the perceived comfort, where a higher
value usually indicates a softer feel and good base support.3

Thickness Mattress thickness should be sufficiently deep to manage upper body weight 5.9 inches (150 mm)
and prevent ‘bottoming out’. Sufficient thickness will depend on patient
weight?*® and other characteristics of the foam (e.g., density and hardness).

Water vapor Trans-epidermal water loss (TEWL) and sweating may result in the MVTR = 300 g/m?3/24hrs
permeability accumulation of moisture between the individual and the support surface if (equivalent to normal
the surface does not allow for transmission or evaporation of the moisture TEWL)#

away from the interface. The combination of a foam mattress cover and the
foam itself creates resistance to moisture transmission. Moisture accumulation
will increase the friction between the individual and the surface.

A mattress cover with high moisture vapor transmission rate (MVTR)
potentially allows the moisture to transpire through the cover.?® A lower
mattress cover MVTR protects the foam from moisture degradation.

Selecting a cover based on MVTR becomes a compromise between managing
skin microclimate and the individual’s TEWL.

Current foam support surfaces are rarely made of a single type and layer of foam. Multi-layering of various grades or
types of foam alters the design features of the mattress, which might impact effectiveness. An RCT (n = 206) conducted
in older adults with a moderate to high pressure injury risk failed to demonstrate the superiority of a high specification
multilayered foam overlay over a standard hospital mattress. There was a non-statistically significant higher incidence
of Category/Stage Il or greater pressure injuries after 12 weeks for individuals receiving the multilayered foam overlay
(8.7% versus 4.9%, p > 0.05)?" (Level 7). However, most of the available evidence fails to adequately describe the
structure and characteristics of high specification foam mattresses or overlays, particularly when the structure is
complex. The evidence presented above indicates that homogenous high specification foam mattresses are superior to
standard foam mattresses. Translating this evidence to more complex foam mattresses made from multiple layers and
including multiple zones, may be possible by adequately describing foam characteristics and characterizing support
surfaces using standard tests for immersion, envelopment, and microclimate management.

Some alterations in design of mattresses aim to promote bed mobility and safety. For example, inclusion of a border
or stiffener at the mattress edge (side walls) increases firmness, which may assist bed mobility and transfers. Concave
shaping (safety sides) are designed to reduce risk of falls; however, this may reduce bed mobility and be contrary to
a restraint-free policy.

High specification foam mattresses for neonates and children

Occipital pressure injuries are a specific concern for neonates and very young children. The head composes a greater
percentage of the body surface area than in adults and the occiput is a primary pressure point for children in the supine
position.*?43 |n a survey of seven neonatal intensive care units (NICUs), Fuji et al. (2010)* reported that approximately
7% of pressure injuries were in the occipital region. Schindler et al. (2011)* supported these findings in a survey of
nine pediatric intensive care units (PICUs) that reported 6% of pressure injuries were occipital.

Turnage-Carrier et al. (2008)*" investigated interface pressure at the occipital bony prominence in healthy premature
neonates with no history of pressure injuries and who were close to hospital discharge (n = 11). The neonates were
placed on five different support surfaces and interface pressure was measured under the occiput after five minutes.
The neonates were consecutively placed on a gel mattress, a gel pillow, a water pillow and a standard crib/cot mattress
with 2.75 inches (7 cm) thick foam overlay and a standard (undefined) crib/cot mattress. The high specification foam
overlay was associated with the lowest interface pressure (31 mmHg versus 86.8 mmHg for the standard crib/cot
mattress, p < 0.001), although all the high specification support surfaces were associated with significantly lower
interface pressure (p < 0.001) compared to a standard crib/cot mattress (Level 5).

Reactive Air Pressure Mattresses

Reactive air mattresses redistribute pressure by deforming in response to an individual’'s weight on the surface.
Reactive air mattresses may include low air loss features or other cushioning materials (e.g., foam), but they do not
include alternating pressure features.

162



CLINICAL PRACTICE GUIDELINE 10 SUPPORT SURFACES

7.5: Consider using a reactive air mattress or overlay for individuals at risk for developing pressure injuries.
(Strength of Evidence = C; Strength of Recommendation = 1*)

Evidence Summary

Four level 1 studies of moderate* and low quality 2>474% found no significant effect for a reactive air mattress compared
to a standard hospital mattress,?**” other reactive support surfaces,*®*® or an alternating pressure air mattress.*® Risk
ratio for a reactive air mattress compared to an active (alternating pressure) air mattress was 3.08.®¢ However, a low
quality Level 1 study*® reported a significant reduction in Category/Stage | or greater pressure injuries with a constant
low pressure air mattress compared to a standard foam mattress, with a relative risk of 0.06. One low quality Level
3 study conducted in children®® reported a significant relative reduction in incidence of Category/Stage | or greater
pressure injuries of approximately 17% associated with selecting a reactive air mattress rather than a standard foam
mattress. A moderate quality Level 3 study>' reported an incidence rate for Category/Stage Il or greater pressure
injuries of around 5% when using a reactive air mattress, and a low quality Level 4 study reported incidence of 3%,
but there were no comparators in these two studies.>® A moderate quality Level 1 study reported that a reactive
air overlay was more cost-effective than a microfluid overlay, however the analysis was based on rental of some
products and the relative costs could vary widely based on facility and geographic region.* Ratings of comfort made
by individuals indicated that reactive air mattresses are as comfortable as other support surfaces.*

Implementation Considerations

e Reactive air mattresses may require a power source. Evaluate accessibility to power and safety of power cords,
especially in home care settings (Expert opinion).

e Reactive air mattresses require regular inspection to ensure the mattress is intact and the inflation mechanism/
electric pump is correctly functioning (Expert opinion).

* Verify that reactive air mattresses are used within their functional life span, as indicated by the manufacturer’s
recommended test method (or other industry recognized test method) (Expert opinion).

e Evaluate the individual's comfort when using a reactive air mattress or overlay. Powered reactive air mattresses and
overlays can be noisy and generate heat or motion that may be uncomfortable (Expert opinion).

e Evaluate the safety of reactive air mattresses and overlays when in use. Some individuals may experience difficulty
getting into and out of the bed when a reactive air mattress or overlay is in use (Expert opinion).

Evidence Discussion

After high specification foam mattresses, reactive air mattresses appear to be the second most researched reactive
support surface. These trials used a range of both experimental and comparator mattresses and overlays. A broad
range of participants were represented in the research including hospitalized adults at pressure injury risk,*652 critically
ill individuals,*®“° older adults,?>475! children> and neonates.>® However, most of these studies were small (less than 100
participants) and follow up periods range from a few days to 12 months.

Only one small RCT* conducted with individuals at moderate to high risk of pressure injuries provided a comparison
between a reactive air mattress and a standard hospital foam mattress. In the study, individuals in an ICU (n = 40)
received either a reactive air mattress or a standard hospital foam mattress for up to 14 days. The reactive air mattress
was associated with significantly fewer Category/Stage | or greater pressure injuries (0% versus 37%, p < 0.005, relative
risk 0.06, 95% CI 0 to 0.99)* (Level 7). A third small study (n = 30)*° compared a reactive air mattress consisting of
double air-cell construction in three different compartments to an undefined standard care support surface provided
in an historical cohort; this comparator could be assumed to be a standard hospital foam mattress. Participants were
neonates and children aged up to 10 years. The study mattress was available in two sizes, one for children weighing
1.1 Ib/500 g to 13.2 Ib/6 kgs (n = 4) and one for children above 13.2 Ib/6 kgs (n = 26). The reactive air mattress was
associated with a significant reduction in facility-acquired pressure injuries (3.3% versus 20%, 95% Cl 0.08 to 17.2%,
p = 0.021)*° (Level 3).

However, another RCT failed to demonstrate superiority of a reactive air mattress or overlay to a standard hospital
foam mattress. In older adults (n = 66), a reactive air overlay was not statistically significantly different to a standard
foam mattress for reducing incidence of Category/Stage Il or greater pressure injuries (16% versus 15%, p > 0.05)¥
(Level 1).

Studies with no comparator groups reported varied pressure injury incidence associated with reactive air mattresses. In
older adults (n = 176), use of air mattresses and seating cushions was associated with a Category/Stage | pressure injury
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incidence of 23.3% and incidence of Category/Stage Il or greater pressure injuries of 5.1%>' (Level 3). In hospitalized
individuals (n = 61), a reactive support surface combining air cells with high specification foam was associated with a
pressure injury incidence of 3%>2 (Level 4).

Comparisons between reactive air mattresses/overlays and high specification foam mattresses

Two studies?**® compared a reactive air mattress to support surfaces that provide superior pressure redistribution than
a standard hospital foam mattress. A small RCT??2 compared a high specification polyether foam mattress to a reactive
air overlay in nursing home residents (n = 83). Fewer participants on the air mattress overlay developed Category/Stage
Il or greater pressure injuries, but the difference was not statistically significant (p = 0.088)?? (Level 7). In individuals in
a surgical ICU, no statistically signficant difference in pressure injury reduction was established between an alternating
pressure air mattress and the pooled results for two groups receiving reactive support surfaces (one group received a
reactive air mattress and the other received a water mattress) (RR 0.43, 95% Cl 0.04 to 4.29).*8 (Level 1).

Comparisons between reactive air mattresses/overlays and other reactive or active support surfaces

Finally, two studies provided comparison of a reactive air mattress to other reactive support surfaces.*4® In the largest
RCT (n = 110), Vermette et. al. (2012)% compared an air overlay with a microfluid overlay for preventing pressure
injuries in participants at moderate to high risk of pressure injuries in acute care wards (medical, surgical, geriatric
and intensive care). There were no statistically significant differences between the two overlays for pressure injury
incidence (4% for the air inflated overlay versus 11% for the microfluid overlay, p = 0.2706) or participant rated
comfort (p = 0.7129). The micro-fluid overlay was reported to be more expensive (p < 0.001)% (Level 7). In individuals
in a surgical ICU, no significant difference was established between a reactive air mattress and a water mattress for
preventing pressure injuries (RR 0.43, 95% Cl 0.04 to 4.29).%® (Level 1).

Overall, these studies present a conflicting overview of the effectiveness of reactive air mattresses in comparison to
standard foam mattresses, or the comparative effectiveness of different types of reactive mattresses in preventing
pressure injuries. It is possible that the design of the individual product could influence the results; however, the small
size of the trials and the low methodological quality likely contributes to the variation in reported results.

Medical Grade Sheepskins

7.6: Assess the relative benefits of using a medical grade sheepskin for individuals at risk of developing pressure
injuries.
(Strength of Evidence = B1; Strength of Recommendation = &)

Evidence Summary

Three Level 1 studies of high,>* moderate® and low quality>® indicated that a medical grade sheepskin was effective
in reducing the incidence of pressure injuries in individuals at risk. The risk of developing a Category/Stage | or I
sacral pressure injury was approximately 40% less when a medical grade sheepskin was used.>* No adverse events
were reported. However, a small percent of individuals in one trial (4.58%) requested the sheepskin be removed due
to discomfort (primarily feeling too hot).>* In the high quality Level 1 study a minority of individuals reported the
sheepskin was itchy or tickly, and one third (33%) of the individuals reported the sheepskin was too warm, which
accounted for 69% of trial withdrawals.>* Medical grade sheepskins may not be available in all geographic locations,
and the requirement for specialist laundering to disinfect the sheepskin®** might limit their use (e.g., individuals who
are incontinent or with heavily exuding wounds).

Implementation Considerations

e Before using a medical grade sheepskin to reduce pressure injury risk, ensure the product has been manufactured
to Australian Standard AS4480.1. Not all sheepskins are of an equivalent quality.>* A medical grade sheepskin is
derived from animals (not synthetic). Medical grade sheepskins have a uniform pile, a high density of wool fibers
and greater resilience to laundering (Level 7).

e Consider potential impact of a medical grade sheepskin on the function of the support surface on which it is placed.
Adding an additional layer between the individual and the support surface can affect the pressure redistribution
properties of the support surface by creating surface tension (sometimes referred to as hammocking) (Expert
opinion).

e Assess temperature and moisture at the skin-surface interface and evaluate the individual’s comfort. Medical grade
sheepskins have been associated with excess warmth>35¢ (Level T1).
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* Medical grade sheepskins require specialist laundering to achieve thermal disinfection. This may reduce their
feasibility in some clinical settings and for some individuals (e.g., individuals who are incontinent)® (Level 7).

e Natural medical grade sheepskins are an animal-based product and as such may not be acceptable to all individuals
(Expert opinion).

Evidence Discussion

Three RCTs studies®>* provided evidence on medical grade sheepskins for preventing pressure injuries. Mistiaen et
al. (2010)°® conducted a larger RCT (n = 588) in eight nursing homes comparing a medical grade sheepskin to usual
care. A range of basic mattresses were used for most participants, although some of the intervention group (0.9%)
and the control group (15.1%, p = 0.06) received a pressure redistributing mattress. In the 30-day follow up period,
the intervention group receiving the sheepskin had a statistically significantly lower incidence of sacral pressure
injuries (8.9% versus 14.7%, p =0.035). When adjusting for Braden scale score, age and gender, the odds ratio (OR)
of experiencing a pressure injury for the intervention group was 0.53 (95% Cl 0.29 to 0.95). The disproportionate use
of mattresses with high specification characteristics trended toward favoring the intervention group and might have
influenced the outcomes. Jolley et al. (2004)>* reported an RCT (n = 441) involving participants at low to moderate risk
for pressure injury development, comparing the use of an Australian medical grade sheepskin with standard nursing
care (any pressure redistributing strategy decided by a nurse). The pressure injury incidence was 9.6% in the group
receiving a medical grade sheepskin, compared with 16.6% in the comparator group. The relative risk was 0.58 (95% ClI
0.35 to 0.96).>* However, these results should be treated with caution, as there were numerous methodological flaws,
and there is a risk of bias (Level 7). McGowan et al. (2000)>* performed a RCT involving 297 individuals in an orthopedic
setting. The experimental group (n = 155) had both an Australian medical sheepskin and a standard hospital mattress,
and the comparator group (n = 142) had a standard hospital mattress with or without other low-technology constant
pressure supports. The pressure injury incidence in the control group was 30.3% and 9% in the experimental group (p
< 0.0001).>> Some methodological limitations should be recognized (Level 7). In the systematic review by Mclnnes et
al. (2015)*? Australian medical grade sheepskins are suggested for preventing pressure injuries, with a meta-analysis
reporting a risk ratio [RR] of 0.56. In the studies exploring subjective evaluations of the medical grade sheepskin, large
proportions of the participants reported the sheepskin was too warm, leading to study withdrawals and participants
indicating they would not recommend the sheepskin to others®>* (Level 7). However, the effectiveness of this support
surface might relate to the way in which it influences the microclimate.

Other Reactive Support Surfaces

A small volume of studies provide evidence on other less frequently used reactive support surfaces (e.g., water
mattresses, bean mattresses and gel filled mattresses). There is currently insufficient evidence indicating a strong effect
for other reactive support surfaces in reducing the incidence of pressure injuries; therefore, no recommendations on
the use of these support surfaces can be made.

Alternating Pressure Support Surfaces

7.7: Assess the relative benefits of using an alternating pressure air mattress or overlay for individuals at risk of
pressure injuries.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

The evidence on alternating pressure air mattresses is mixed but could be explained by the range of different
mattresses and the different concurrent interventions implemented in the studies. One moderate quality Level 1
study®® reported that at any given time approximately 7.5 times more people on a standard mattress will experience
a pressure injury compared with an alternating pressure air mattress (hazard ratio 7.57). A larger moderate quality
Level 1 study® showed no significant difference between an alternating pressure air mattress and a viscoelastic
polyurethane foam mattress in preventing pressure injuries; however, participants were not regularly repositioned
in this trial. A low quality Level 1 study®® found no significant effect for a single cell alternating pressure air mattress
compared to a polyester mattress, but in the same study a double cell alternating pressure air mattress was associated
with significantly reduced pressure injuries. A number of low quality Level 4 studies®**' reported no pressure injuries
with alternating pressure air mattresses used for up to six months. High quality Level 1 studies showed no differences
between alternating pressure air mattresses and overlays®? or between different cell cycle regimens,® in terms of
pressure injury incidence. However, one moderate quality Level 2 study® found an alternating pressure air mattress
was more effective than an alternating pressure air overlay. Evaluations from individuals using alternating pressure air
mattresses and overlays generally indicated satisfaction.>®¢62 A [ow quality cost analysis*® showed reductions in care
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costs using a hybrid alternating air/foam mattress and a high quality cost analysis®®> showed alternating air mattresses
were more cost effective than overlays.®> Adverse events (e.g., falls) were infrequent and reported more often with an
alternating pressure air mattress than with an overlay, although this difference was not significant.

Implementation Considerations

e For many individuals at risk for pressure injuries an alternating support surface may not be applicable because a
high specification foam mattress meets the individual’s clinical and comfort needs (Expert opinion).

e Ensure that the individual’s height, weight and age are consistent with the manufacturer’s recommendations when
placing a child on an alternating pressure support surface. Using a bed designed for an adult presents a safety
hazard and may be ineffective in smaller sized children (Expert opinion).

e Alternating pressure air support surfaces differ with respect to cell size (height and width) and cell cycle patterns
and duration. There is insufficient evidence to recommend any specific design as having greater efficacy in terms
of preventing pressure injuries (Expert opinion).

e Alternating pressure air mattresses and alternating pressure air overlays have similar efficacy in terms of preventing
pressure injuries®? (Level 7).

* An alternating pressure air mattress overlay requires a quality base mattress. Substandard base mattresses may
affect performance (Expert opinion).

* Where possible, continue a regular turning and repositioning regimen, with frequency based on the needs of the
individual®® (Level 7).

e All alternating pressure air mattresses require a power source. Evaluate accessibility to power and backup power,
and safety of power cords, especially in home care settings (Expert opinion).

e Alternating pressure air mattresses require regular inspection to ensure the mattress is intact and the inflation
mechanism/electric pump is correctly functioning (Expert opinion).

e Verify that alternating pressure air mattresses are used within their functional life span, as indicated by the
manufacturer’s recommended test method (or other industry recognized test method) (Expert opinion).

e Evaluate the individual’s comfort when using an alternating pressure air mattress or overlay. Powered alternating
pressure air mattresses and overlays can be noisy and generate heat or motion that may be uncomfortable (Expert
opinion).

e Evaluate the safety of alternating pressure air mattresses and overlays when in use. Some individuals may experience
difficulty getting into and out of the bed when an alternating pressure air mattress or overlay is in use (Expert
opinion).

Evidence Discussion

Studies investigating alternating air pressure mattresses for preventing pressure injuries have been conducted with
older adults,®¢8 critically ill individuals,* individuals in home care® and rehabilitation®® and in medical wards.®' These
studies evaluated alternating pressure air mattresses and overlays that used different designs in terms of cell size,
cycles and cell cycle durations, and the preventive care regimens differed across the studies.

Two RCTs*® compared an alternating pressure air mattress to a high specification foam mattress. Sauvage et al.
(2017)%%57 compared an alternating pressure air mattress on a six minute cycle to a high specification foam mattress
for preventing pressure injuries in bed-bound older adults (n = 76). The cumulative risk of developing a pressure injury
over 30 days was significantly higher in viscoelastic group (38.91%, 95% Cl 24.66 to 57.59) compared with alternating
pressure air mattress group (6.46%, 95% Cl 1.64 to 23.66, p = 0.001). This equated to 7.5 times (95% CI 1.79 to 35.21,
p = 0.006) higher risk of developing a pressure injury when using the high specification foam mattress. However,
repositioning was performed infrequently in both groups (mean repositioning times over 17 hours was 1.42 + 2.02
times in the air mattress group versus 1.68 + 2.17 times in the foam mattress group).>¢ Although the difference was not
statistically significant, failure to regularly reposition may have influenced the findings of this study (Level 7).

Vanderwee et al. (2005)>” compared alternating pressure air mattresses with no turning protocol to high specification
foam mattresses with four-hourly repositioning in surgical, internal medicine, and geriatric settings (n = 447). This
study showed no statistically significant difference in incidence of Category/Stage Il or greater pressure injuries among
individuals cared for on either an alternating pressure air mattress (15.6%) compared to a high specification foam
mattress (15.3%, p = 1.00). However, there were more heel pressure injuries in the group receiving the foam mattress,
but the group receiving the alternating pressure air mattress experienced more severe pressure injuries.>” The high
incidence of pressure injury development and presence of full thickness pressure injuries in both groups must be
acknowledged (Level T).

166



CLINICAL PRACTICE GUIDELINE 10 SUPPORT SURFACES

Comparisons between different types of alternating pressure air mattresses and overlays

Alternating pressure air mattresses and overlays have different designs, types of air cells and deflation/inflation cycles.
However, the evidence generally suggests that different active support mattresses and overlays have a similar efficacy
in terms of reducing pressure injury incidence.’®626368 Qnly one study® reported a significant difference between
different types of alternating pressure air mattresses, and the delay of five years between trialing the two interventions
may mean that other components of the care regimen contributed to the observed differences between the support
surfaces. The study, conducted in ventilated individuals in the ICU (n = 221), reported an alternating pressure air
mattress was more effective in reducing Category/Stage Il or greater pressure injuries than a small cell alternating
pressure air overlay (OR 0.44, 95% Cl: 0.21 to 0.92, p = 0.038)% (Level 2).

Nixon et al. (2006)%2% undertook a large, multicenter RCT (n = 1,971) to compare the effectiveness of alternating
pressure mattresses and alternating pressure air overlays for individuals admitted to vascular, orthopedic, medical,
and geriatric wards. The incidence of Category/Stage Il or greater pressure injuries for those on an alternating pressure
air overlay was 10.7% compared with 10.3% for those on an alternating pressure air mattress (p = 0.75), showing no
significant difference between the two products for pressure injury incidence. In the mattress group, the mean time to
pressure injury development was 10.64 days longer (p > 0.05). Although this was not statistically significantly different,
there was a non-significant cost saving associated with using the mattress, primarily due to shorter hospitalization.
Although individuals expressed general satisfaction with both the mattress and the overlay, more individuals on
the overlay requested to be changed to another support surface. Adverse events deemed to be associated with the
support surfaces (e.g. falls and incidents associated with bed rails) were very infrequent, and these occurred more
frequently in the mattress group®*¢ (Level 7). Another RCT included individuals who had experienced a stroke, were
recovering from surgery or who had a terminal illness and high risk of pressure injuries (n = 82). Participants using a
single cell alternating pressure air mattress had no statistically significant difference in Category/Stage Il or greater
pressure injuries than individuals using a double cell alternating pressure overlay (13.8% versus 3.8%, p > 0.05)%®
(Level 1).

In an RCT conducted in 25 hospital wards in Belgium, Demarré et al. (2012)®* compared alternating pressure air
mattresses with differing deflation/inflation cycles. The experimental group (n = 298) were cared for on alternating
pressure air mattresses with a multi-stage deflation/inflation cycle of between 10 and 12 minutes. The control group
(n = 312) had alternating pressure air mattresses with a standard 10-minute deflation/inflation cycle. There was no
significant difference between the two groups in the cumulative incidence of Category/Stage Il to IV pressure injuries
(5.7% versus 5.8%, p = 0.97) or the time to develop a pressure injury (five days versus eight days, p = 0.182).%3
There appears to be no benefit of alternating low pressure mattress with multi-stage inflation/deflation cycles over
a standard cycle alternating low pressure air mattress in preventing pressure injuries (Level 7). This work continued
with a meta-analysis®® that pooled results from two RCTs comparing different alternating pressure air mattresses.
The results showed no statistically significant difference between an alternating pressure air overlay and a one-stage
alternating pressure air mattress (OR = 0.40, 95% Cl 0.14 to 1.10). Although fewer pressure injuries developed when
using a multi-stage alternating pressure air mattress compared to the alternating pressure air overlay (OR = 0.08, 95%
Cl 0.01 to 0.83),%® the low OR suggests the difference has limited clinical significance.

Alternating pressure support surfaces are designed to support the weight of an adult over a larger number of air cells
than will be required to support a child’s surface area, resulting in inappropriate pressures. The child’s smaller limbs
can lodge between alternating pressure air cells, and the sacrum region can rest between cells in the sitting position.5°
This results in a need to more regularly reposition the child appropriately on the alternating pressure cells.5°

Although powered support surfaces can be noisy and some individuals dislike a moving support surface, the individuals
participating in the above studies generally reported satisfaction with alternating pressure air mattresses.>¢6"¢” Both
mattresses and overlays were rated positively by older adults with respect to ease of movement, temperature and
sleep disruption®® (Level 7).

Low Air Loss Features in Pressure Injury Prevention

The evidence on beds with low air loss features is of low quality and has conflicting findings. One low quality Level
1 study’ showed no difference in incidence of Category/Stage Il to IV pressure injuries with a bed with low air
loss features compared to a range of standard reactive surfaces and alternating mattresses; however, there was a
statistically significant reduction in Category/Stage | pressure injuries. The bed used in this study was a prototype
design that is no longer available.” A low quality Level 2 study’ showed similar results, with two analyses finding no
statistically significant difference in pressure injury incidence between a low air loss bed and a variety of mattresses
described as standard. However, in another low quality Level 1 study’? there was an 18% likelihood that individuals
would experience a single pressure injury at the same rate on a low air loss bed as on a standard intensive care
bed. Another low quality Level 2 study’® showed that a low air loss bed was associated with significant reduction
in pressure injury incidence compared to an integrated pressure air distribution mattress. In one Level 1 study’ the
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majority of individuals who completed a rating of a low air loss bed described it as uncomfortable, and nurses rated
the stakeholder acceptability as low, though it should be noted there was no comparison made with the alternate
bed in this study. All these studies were small and of low quality, and the results between studies are conflicting and
at least one used a prototype bed that is not available.

The manufacturer’s weight recommendations for low air loss beds should be followed. Beds with low air loss features
have pressure redistribution configurations that are designed for adults. When children are placed on an adult bed,
their head is frequently positioned in an area with pressures designed for an adult’s trunk.”*

Support Surfaces to Prevent Pressure Injuries in the Operating Room

7.8: Use a pressure redistribution support surface on the operating table for all individuals with or at risk of
pressure injuries who are undergoing surgery.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

One high quality Level 1 study’ indicated that a high specification (reactive) support surface (i.e., a visco-elastic
polymer [VEP] pad) used in the operating room was associated with a lower incidence of surgery-related pressure
injuries when compared to a standard operating mattress. However, a VEP pad was not superior when compared to a
high density foam (HDF) pad in a Level 3, moderate quality study.”® A moderate quality Level 1 study’” found that two
different high specification reactive support surfaces had a similar efficacy in preventing pressure injuries, while two
low quality Level 1 studies’’® had conflicting results on whether an alternating pressure air mattress was superior to
a high specification reactive support surface in preventing pressure injuries in the operating room.

Implementation Considerations

e Low profile alternating pressure overlays may be used in the operating room (Expert opinion).

e Review manufacturer guidelines regarding use of the different support surfaces. Some surgical procedures may
have specific requirements based on duration, positioning, instrumentation and stability of the operative field
(Expert opinion).

e Support surfaces used in the perioperative setting require regular maintenance and replacement. Refer to
manufacturer guidelines (Expert opinion).

e To minimize the time and magnitude of pressure and shear exerted on pressure points, individuals at risk of pressure
injuries should also be placed on a pressure redistributing support surface both preoperatively and postoperatively
(Expert opinion).

Evidence Discussion

In the operating room, the duration of time the individual will spend in one position is generally determined by the
surgical procedure (refer to Recommendation 1.17 in the guideline chapter Risk Factors and Risk Assessment). This
increases the importance of the support surface in reducing pressure injury risk.® Interface pressures on an operating
table can be very high. In a laboratory study of interface pressure measurements among healthy volunteers, Defloor et
al. (2000)% found that in four different surgical positions, maximum interface pressure was lowest on viscoelastic foam
mattresses, compared to foam mattresses and gel mattresses (Level 5). In another laboratory study,®' sacral interface
pressure was measured in healthy volunteers on four foam mattresses with different density, hardness and/or covers.
The foam mattress with lowest density and a neoprene cover resulted in the lowest interface pressure. However,
other factors including positioning (supine versus Lloyd Davies position) and the individual’s body mass index (BMI)
influenced interface pressures as much as the type of support surface (Level 5).

Several operating room support surfaces that encourage pressure redistribution have been developed. Nixon et al,
(1998)7°> conducted an RCT (n = 446) in individuals undergoing a range of elective surgeries planned to be at least 1.5
hours in duration. The provision of a warming mattress was standardized for all participants, and the support surface
was randomized to either a viscoelastic polymer pad or a standard table mattress. The pressure injury incidence in the
viscoelastic polymer pad group was significantly lower than in the standard mattress group (11% versus 20%, OR =
0.46, 95% Cl 0.26 to 0.82, p = 0.010)”> (Level 7). However, a non-randomized trial in individuals in the prone position
during surgery (n = 30) found that a high specification viscoelastic polymer pad was associated with a lower but not
significantly different rate of iliac pressure injuries compared to high density foam pad (10% versus 5%, OR 0.47, 95%
C10.11to 1.99, p > 0.05). Although over 75% of individuals undergoing surgery experienced non-blanchable erythema
immediately after surgery, this reduced to 10% or fewer cases within 30 minutes’ (Level 2).
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A number of RCTs compared different high specification foam support surfaces for effectiveness in preventing surgery-
related pressure injuries. The incidence of pressure injuries in these studies ranged from 0% to 17.6%.7”7° Feuchtinger
et al. (2006)”” performed a RCT in individuals undergoing cardiac surgery for a minimum of 1.5 hours (n = 175). The
experimental group were given a thermoactive viscoelastic foam overlay combined with a water-filled warming
mattress while the control group received a water-filled warming mattress. There was a non-significant increase in
pressure injuries in the intervention group compared with the control group (17.6% versus 11.1%, p = 0.22) (Level 1).
Two RCTs evaluated the use of alternating pressure air mattresses (a multi-segmented pad with more than 2,500 air
cells enclosed in a waterproof cover) during and after surgery of at least four hours’ duration. In both control groups
participants were on a gel mattress during surgery and a standard mattress after surgery.”®’® Aronovitch et al. (1999)78
reported a pressure injury incidence of 8.7% in the control group and no pressure injuries in the intervention group
(p < 0.005) (Level 1). Russell and Lichtenstein (2000)” studied 198 individuals undergoing cardiothoracic surgery,
reporting pressure injury incidence of 7% in the control group and 2% in the intervention group (p = 0.17) (Level 7).
However, from these studies, it cannot be concluded whether the reduction in pressure injuries was related to the
multi-segmented alternating pressure air mattress or to the postoperative pressure redistribution, or to a combination
of both.

Mattress and Bed Support Surfaces for Individuals with Existing Pressure
Injuries

Individuals with an existing pressure injury are at higher risk for developing additional pressure injuries.®>82:% |n many
cases, a small Category/Stage | or Il pressure injury can be easily offloaded with repositioning, such as turning side to
side (for sacral pressure injuries) or using heel elevation. However, clinical judgment may lead the health professional
to review the support surface in high risk or hemodynamically unstable individuals with Category/Stage | or Il pressure
injuries, particularly if there are multiple injuries at multiple sites or the individual cannot be moved off the pressure
injury.

7.9: For individuals with a pressure injury, consider changing to a specialty support surface when the individual:
* Cannot be positioned off the pressure injury
* Has pressure injuries on two or more turning surfaces (e.g., the sacrum and trochanter) that limit
repositioning options
* Has a pressure injury that fails to heal or that deteriorates despite appropriate comprehensive care
* Is at high risk for additional pressure injuries
* Has undergone flap or graft surgery
* Is uncomfortable
e ‘Bottoms out’ on the current support surface.
(Good Practice Statement)

Implementation Considerations

e Wherever possible, do not position an individual on an existing pressure injury (Expert opinion).

e Before replacing the existing support surface evaluate the effectiveness of previous and current prevention and
treatment plans (Expert opinion).

e Before replacing the existing support surface set treatment goals consistent with the individual’s goals, values, and
lifestyle (Expert opinion).

e Specialty support surfaces to consider for individuals with a pressure injury include alternating pressure air
mattresses, mattresses with a low-air-loss feature and air fluidized beds (Expert opinion).

Discussion

Unless the individual’s clinical condition has changed (e.g., the individual is now mobile, awake, and has adequate
perfusion), the support surface on which the pressure injury developed usually does not provide an appropriate
environment for healing. A different support surface is often required to provide better pressure redistribution,
friction and shear force management and modification of microclimate, thus reducing further ischemia or deformation
induced pressure injuries. ‘Bottoming out’ on a support surface (i.e., when the support surface deformation is beyond
critical immersion whereby effective pressure redistribution is lost) is a clear indication that pressure redistribution is
inadequate, and the support surface must be changed. When pressure injuries deteriorate or fail to heal, the health
professional should consider replacing the existing support surface with one that will provide a properly matched
support surface environment that reduces related risk factors. However, changing the support surface is only one of
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several strategies to consider. More frequent repositioning of the individual may be needed. Preventive interventions
and local wound care should also be intensified as needed. Specialty support surfaces have additional technology
(e.g., alternating pressure, air fluidized or loss air loss features) designed to further redistribute pressure, reduce shear
and influence the microclimate.

When the individual has pressure injuries on two or more sites on the trunk of the body, options for repositioning are
diminished. When pressure injuries are present on two or more turning surfaces (e.g., the sacrum and trochanters)
the individual will need to be repositioned on the pressure injuries, because they cannot continuously lie on the
same turning surface.®>®” The individual will spend relatively more time on unaffected areas of the body therefore
prevention becomes even more crucial in individuals at risk of developing additional pressure injuries.

Non-Powered Reactive Support Surfaces for Individuals with a Pressure Injury

Few studies investigate the effectiveness of reactive support surfaces for individuals with an existing pressure injury.
A low quality Level 1 study®® and a low quality Level 3 study® provide some evidence that use of reactive support
surfaces increases pressure injury healing rates. However, evidence was presented in a low quality Level 3 study®
that suggested that reactive support surfaces are inferior to alternating pressure air support surfaces with regards
to number of pressure injuries healed. However, in this study the alternating pressure air mattress group had a non-
significantly higher rate of new pressure injuries, leading the authors® to conclude that overall, the reactive surface
was superior. High level evidence for effectiveness in pressure injury healing in comparison to active support surfaces,
and comparisons between different reactive support surfaces (e.g., reactive air mattresses, high specification foam
mattresses etc.) is lacking. The reviewed evidence has limitations brought about by other pressure injury risk factors
such as end-of-life care, restrictions in positioning and impact of microclimate that may have confounded results and
led to inconsistencies in the evidence base. Therefore, no specific recommendation is made on using reactive surfaces
for individuals with an existing pressure injury.

Specialty Support Surfaces for Individuals with a Pressure Injury

Numerous studies compare healing rates for Category/Stage lll and IV pressure injuries on a range of different specialty
support surfaces. It is difficult to make definitive recommendations for some of these support surfaces based on the
available studies due to differences in the support surfaces tested, variations in outcome measures (i.e., complete
healing, time to healing, reduction in wound size, or assessment of wound improvement/deterioration), small sample
sizes, and other methodological inconsistencies. Most of these studies were published over 30 years ago. Since that
time, technology has improved for both powered and non-powered surfaces and the support surfaces often used as
comparators.

Use of specialty support surfaces for individuals with suspected deep tissue injury with intact skin has not been
rigorously examined. The true level and degree of tissue damage may be difficult to determine until the deep tissue
injury fully demarcates. At early stages of evolution (when the skin is still intact), offloading and pressure redistribution
may allow injured tissue to repair, limiting the extent of infarcted or dead tissue. Infarcted tissue is not salvageable. For
all practical purposes, evolving deep tissue injury should be provided the same level of support surface intervention as
a Category/Stage Ill or IV pressure injury. Once the pressure injury has fully demarcated, support surface needs should
be re-evaluated. These surfaces are also used for individuals undergoing surgical reconstruction of a pressure injury
(see the guideline chapter Pressure Injury Surgery).

Alternating pressure air mattresses and low air loss beds for individuals with a pressure injury

Mattresses and overlays with alternating pressure features are recommended and used by health professionals for
individuals with existing pressure injuries. However, the available evidence for these support surfaces is limited and
conflicting.

Evidence for alternating pressure air mattresses is conflicting and limited to studies reporting change in condition of
the pressure injury using poorly described subjective scales, thus no recommendations could be made. A moderate
quality Level 1 study®® showed an alternating pressure air mattress was not significantly different to a reactive
fluid overlay. A high quality Level 1 study® reporting a comparison between two different alternating pressure air
mattresses reported complete healing for both mattresses in 35% of Category/Stage | and Il pressure injuries. Two
Level 1 moderate quality studies’®®' comparing different alternating pressure air mattresses also found no difference
between products and reported complete healing rates ranging from 35.7% (4 week follow-up) to 91.5% (19 month
follow-up). A moderate quality Level 3 study® reported that approximately one-third of Category/Stage IIl pressure
injuries improved in condition after 90 days with an alternating pressure air mattress. However, three low quality Level
4 studies®** reported between only 50% to 69% of Category/Stage | to lll pressure injuries were classified as improved
in condition after between 19 days and 7 months of follow-up. A Cochrane review® reported a meta-analysis of RCTs
comparing alternating pressure air mattresses to standard hospital mattresses. There was no significant difference

170



CLINICAL PRACTICE GUIDELINE 10 SUPPORT SURFACES

between the support surfaces for complete pressure injury healing at four weeks (relative 0.57, 95% Cl 0.26 to 1.27, p
= 0.17) or for decrease in pressure injury size at four weeks (RR 0.99, 95% CI 0.90 to 1.09, p = 0.31).%

Beds with low-air-loss features are commonly used by health professionals for individuals with existing pressure
injuries; however, the evidence is also conflicting. A moderate quality Level 1 study®® showed no difference in complete
healing after 44 days compared to a foam overlay for Category Il pressure injuries, and a Level 4 low quality study"
reported complete healing for Category | pressure injuries of 23.8% after seven days. Moderate quality®® and a low
quality®’ Level 1 studies reported significant reduction in surface area for Category/Stage Il and greater pressure
injuries compared to baseline, but comparisons to control study groups was not reported. A low quality Level 1 study®®
reported no significant difference in reduction in wound size for Category/Stage Il pressure injuries on a low air loss
bed compared to a standard foam mattress.

Air fluidized beds for individuals with a pressure injury

Air fluidized beds are characterized by relatively high levels of envelopment and immersion compared to other
support surfaces. As a result of these pressure redistributing characteristics, the users may be more restricted in terms
of their ability to move on the surface while the fluidization feature is active. Some bed designs limit air fluidization
to high risk zones such as sacrum in an effort to facilitate mobility. Transfers on and off the bed can be facilitated by
deactivating the fluidization feature. Air fluidized beds also tend to have relatively high MVTR. These rates need to
be considered relative to the needs of the individual for humidity at the skin and support surface interface.

7.10: Assess the relative benefits of using an air fluidized bed to facilitate healing while reducing skin
temperature and excess hydration for individuals with Category/Stage Ill or IV pressure injuries.
(Strength of Evidence = B1; Strength of Recommendation = 1)

Evidence Summary

Both a moderate quality®* and a low quality'® Level 1 study reported a significant reductions in surface area for Category/
Stage lll and IV pressure injuries compared with an alternating pressure air mattress used for 13 days® and compared
to an unspecified support surface plus a sheepskin for 15 days.’ A low quality Level 3 study showed statistically
significantly greater healing for Category/Stage Il and IV pressure injuries with an air fluidized bed compared to
reactive support surfaces and compared to active support surfaces.’” In moderate®® and low quality'°%'% Level 1 studies
significantly more pressure injuries in individuals with an air fluidized bed were rated as having improved in condition.
In the moderate quality Level 1 study,® improvements in surface area and wound condition were greater in pressure
injuries that were larger in size (more than 7.8 cm?) at baseline. Compared with the unspecified support surface, the
moderate quality Level 1 study®® showed an air fluidized bed was associated with a statistically significantly lower rate
of pain. A low quality cost analysis'® conducted in 1991 found an air fluidized bed was associated with statistically
significantly lower costs for hospital and physician care, possibly due to a lower rate of hospitalization. Another early
low quality Level 1 study'® also reported statistically significantly shorter hospital stays associated with an air fluidized
bed.

Implementation Considerations

e A support surface with characteristics that redistribute pressure, reduce shear and decrease skin temperature and
hydration are suggested for individuals for whom pressure cannot be relieved by repositioning (Expert opinion).

e Air fluidized beds have been associated with reductions in pressure injury pain compared with other specialty
support surfaces® (Level 1, moderate quality).

e Air fluidized beds have been associated with dry skin'? (Level 7). Individuals might require increased skin
moisturizing (Expert opinion).

e Some individuals report feelings of floating and disorientation and some individuals have difficulties repositioning
themselves in an air fluidized bed. These adverse effects have been mitigated by newer air fluidized bed designs
(Expert opinion).

Evidence Discussion

None of the studies that explored the use of air fluidized beds reported complete healing as an outcome measure;
however, four small studies reported changes in surface area or wound condition.**'% In adults who had undergone
surgery and who had a pressure injury (primarily Category/Stage Ill or IV, n = 65), an air fluidized bed was associated
with statistically significantly greater reduction in median wound surface area compared with an alternating pressure
air mattress (-1.2cm? versus +0.5cm?, 95% Cl -9.2cm? to —0.6cm?, p = 0.01) over a mean of 13 days. The difference
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was greater in pressure injuries that were above 7.8cm? at baseline (-5.3cm? versus +4.0cm?, 95% Cl —-42.2 to -3.2cm?,
p = 0.01)* (Level 7). In another RCT conducted in hospitalized adults (n = 45), mean percent change in surface area
for Category/Stage Il or Il pressure injuries at 15 days was a 43.5% reduction with an air fluidized bed versus an
increase of 40% with an unspecified standard mattress plus a sheepskin (p = 0.05)'° (Level 7). Two additional RCTs'02103
reported overall better outcomes with respect to surface area and wound bed characteristics for individuals receiving
an air fluidized bed compared to a standard hospital mattress; however, there was minimal inter-group comparisons
or statistical analysis in these studies (Level 7). The comparator mattresses in these studies were poorly defined and
may not reflect contemporary support surfaces. Finally, a retrospective study conducted in older adults (n = 664)
showed superior rates of healing for Category/Stage Ill and IV pressure injuries with an air fluidized bed (mean healing
3.1cm?week) compared with reactive support surfaces (mean healing 0.6cm?week) and compared with active support
surfaces (mean healing 0.6cm?/week, p = 0.0211). The support surfaces used in both comparator groups were varied.
For example, individuals in the comparator group received a low air loss bed or an alternating pressure air mattress
or a powered or non-powered overlay. The range of different comparators made the results difficult to interpret
(Level 3).

Seating Support Surfaces for Individuals with or at Risk of Pressure Injuries

When an individual is seated, their body weight is supported by a relatively small surface area (i.e., buttocks, thighs,
and feet), leading to relatively high interface pressures combined with limited opportunities to redistribute body
weight to other anatomical sites. Prolonged sitting results in a strong predisposition to pressure injury development,
particularly in the ischial area.

7.11: Select a seat and seating support surface that meets the individual’s need for pressure redistribution with
consideration to:
* Body size and configuration
* Effects of posture and deformity on pressure distribution
* Mobility and lifestyle needs.
(Good Practice Statement)

Implementation Considerations

e Choose a support surface that is compatible with the care setting (Expert opinion).

e Some support surfaces or seating positions (e.g., tilt and recline) can reduce mobility and egress from the chair.
Balance the need to prevent pressure injuries with promotion of early mobilization and activity (Expert opinion).

e Continue to reposition individuals regardless of the type of pressure redistribution support surface cushion being
used (Expert opinion).

e Select a stretchable/breathable cushion cover that fits loosely on the top surface of the cushion and is capable of
conforming to the body contours (Expert opinion).

e Before use, inspect and maintain all aspects of a seat and seating support surface to ensure proper functioning
and meeting of the individual’s needs. Regularly inspect other commonly used seating surfaces (e.g., travel seats,
commode, shower bench, etc.) (Expert opinion).

e Assess the cushion and cover for heat dissipation. Select a cushion and cover that permit air exchange to minimize
temperature and moisture at the buttock interface (Expert opinion).

e Provide training on use and maintenance of a seating support surface (including wheelchairs) and cushion devices
delivered to the individual (Expert opinion).

Discussion

Chairs and wheelchairs

Use of a wheelchair is imperative for some individuals, most particularly those with spinal cord injury (SCl). Selection
of a chair should be based on an individual assessment of functional ability and needs. Chair/wheelchair selection
requires consideration to body size, configuration, posture, deformity, mobility and lifestyle needs, and should be
based on an individualized assessment that includes pressure mapping.'*'% For individuals at risk of pressure injuries
who spend significant periods of time in seated positions (e.g., those with SCI) referral to a seating specialist is
recommended.

The individual’s ability to weight shift in various seated positions should be assessed and considered in selection of
an appropriate wheelchair/seating system. As noted in the chapter on Repositioning and Early Mobilization, impaired
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ability to dynamic weight shift, as observed in individuals with SCI, influences pressure redistribution (Level 5). This
should be considered in selection of both a chair/wheelchair and cushion.

Other commonly used seating surfaces (e.g., commodes, toilets, shower bench, travel seats and recreational seating)
should be reviewed to ensure they meet the individual's pressure redistribution needs (e.g., appropriate padding
and well-fitted cushions). Ensure there is no specific risk to skin (e.g., from broken surfaces). All equipment should
be periodically reassessed as the individual’s posture and deformity, functional ability, comorbidities, preferences and
needs change over time.'®

Seating cushions

Cushion construction achieves pressure redistribution in one of two methods: immersion/envelopment or redirection/
off-loading. Envelopment is the capability of a support surface to deform around and encompass the contour of the
body. Cushions that utilize envelopment must deflect and deform to immerse the buttocks in the material. Depending
on the shape of the cushion, some designs will require more deflection than others to achieve the same immersion
(i.e., flat cushions must deflect more than contoured cushions). The anthropometrics of the pelvis require immersion
and/or a precontoured shape for load to be transferred from the inferior position of the ischial tuberosities (assuming
there is no asymmetry in the pelvis) to other load bearing anatomical surfaces (e.g., buttocks and thighs). The depth
of immersion and contour is in the range of 1.6 to 1.7 inches (40 to 45 mm) for most individuals.’” Some cushion
designs that redirect loads like this accomplish the redirection via relief areas in the cushion surface. Some require
customization. Off-loading cushions generally require that the individual sit on the cushion in a specific manner.
Therefore, the clinical assessment must include a determination on the individual’s ability to consistently reproduce
this position and confirmation that no significant functional tradeoffs occur.

A tight, non-stretch cover will adversely affect cushion performance. Covers that fit loosely on the top surface and
those that are manufactured from a stretchable material are better suited to allow the cushion to deform as intended
for body immersion. Evidence suggests that a rise in tissue temperature increases the susceptibility to pressure
injuries.'®®19 Evaluating heat dissipation and selecting a cushion and cover that promote air flow can reduce moisture
between the cushion and skin.

Seating cushions should be inspected for signs of wear on a daily basis. The support surface (chairs and wheelchairs)
should be inspected according to the manufacturer’s recommendations.

7.12: Use a pressure redistribution cushion for preventing pressure injuries in people at high risk who are seated
in a chair/wheelchair for prolonged periods, particularly if the individual is unable to perform pressure
relieving maneuvers.

(Strength of Evidence = B1, Strength of Recommendation = 1)

7.13: Assess the relative benefits of using an alternating pressure air cushion for supporting pressure injury
healing in individuals who are seated in a chair/wheelchair for prolonged periods, particularly if the
individual is unable to perform pressure relieving maneuvers.

(Strength of Evidence = B1, Strength of Recommendation = 1)

7.14: Use a bariatric pressure redistribution cushion designed for the individuals with obesity on seated surfaces.
(Strength of Evidence = C; Strength of Recommendation = 1*)

Evidence Summary

The desirable effects of pressure redistribution cushions for the prevention of pressure injuries is supported by five
clinical studies of moderate and low quality. A moderate quality Level 1 study''® suggested individuals at high risk of
pressure injuries may experience fewer ischial pressure injuries when seated on either an air cushion, a viscous fluid and
foam cushion or a gel and foam cushion rather than a standard foam cushion, but there was no significant difference
in pressure injury incidence when sacral pressure injuries were included.'® These results were supported by a low
quality Level 1 study comparing a pressure redistribution cushion to a standard foam cushion."" A low quality Level
2 study reported a statistically significant reduction in overall pressure injury incidence with a pressure redistribution
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cushion compared to standard foam. One Level 4 study comparing outcomes for single- and multi-compartment air
cushions reported low pressure injury incidence rates (less than 5%).""? However, in another low quality Level 4 study
the rate of Category/Stage | pressure injuries in individuals seated on pressure redistributing cushion consisting of
memory foam plus a gel was 33%.'"3 Variation in the research findings may relate to the quality of the chair on which
the cushion was placed and the frailty of the individuals included in the studies.!™

There is direct evidence from one low quality Level 1 study' that revealed some improvements in measures of
pressure injury healing with an alternating pressure air cushion compared to a standard seating cushion plus using
pressure relieving maneuvers. The improvements included reaching 30% closure of a pressure injury in a mean of 5
days faster as well as faster wound closure, but did not extend to significantly greater rates of complete pressure
injury closure overall. The intervention required a full seating system that was described in the study as potentially
having low cost-effectiveness and accessibility may be limited.

There is indirect evidence to suggest that individuals with obesity experience stresses and forces that increase tissue
loading, particularly on a harder seating surface."®'"” The indirect evidence suggests tissue loading is lower on a softer
seating surface,'® and that an air cell-based cushion reduces the increase in fat/tissue strain experienced by individuals
with obesity. It is feasible that a pressure-redistributing seating surface that reduces tissue loading would lead to a
reduction in risk for pressure injuries; however, there is no direct evidence that demonstrates this empirically.

Implementation Considerations

e Refer individuals at high risk of pressure injuries who spend prolonged periods in a chair/wheelchair to a seating
specialist (Expert opinion).

e Advise individuals who spend prolonged periods in a chair/wheelchair to perform regular off-loading maneuvers
(Expert opinion).

e Perform regular skin and risk assessments for individuals who spend prolonged periods sitting in a chair/wheelchair
(Expert opinion).

e Regularly inspect air cushions and their covers for signs of wear and tear'"® (Expert opinion).

e Evaluate the stability of wheelchair users who are seated on air cushions. Weigh the benefits of off-loading against
the potential for instability and shear based on the construction and operation of the cushion (Expert opinion).

e Advise individuals who spend prolonged periods in a wheelchair with a pressure redistribution cushion to use a
pressure redistribution with other seating, for example when traveling (e.g., in motor vehicle, airplane or train).'?°

e In individuals with a pressure injury, take psychosocial needs into account in balancing periods of bed rest and
sitting in a chair/wheelchair (Expert opinion).

e Inindividuals with a pressure injury, assess the pressure injury for deterioration related to time spent seated in a
chair/wheelchair and adjust the amount of time spent in the chair accordingly (Expert opinion).

Evidence Discussion

Two studies'®'"" found significant reduction in ischial tuberosity pressure injury incidence associated with pressure
redistribution cushions, although neither study demonstrated a statistically significant reduction in overall (i.e., ischial
tuberosity plus sacral, coccyx and buttock) pressure injury incidence. Brienza et al. (2010)'"® conducted an RCT with
individuals living in a nursing home (n = 180) over a six month period. Participants were all provided with a fitted
wheelchair and randomized into skin protection seated on an air, viscous fluid and foam cushion, a gel and foam
cushion or a high specification foam cushion (n = 113) or a control receiving a standard foam cushion (n = 119). The
experimental group experienced a significantly lower incidence of ischial tuberosity pressure injuries (0.0% versus
6.7%, p = 0.04). However, when the analysis combined ischial tuberosity and sacral pressure injuries, the incidence
was not significantly different between groups (17.6% control versus 10.6% experimental, p = 0.14). Kaplan Meier
methods did not demonstrate significant differences in the cumulative incidence of pressure injuries between the
groups.'® There was no control for conditions outside of chair time and frequency of repositioning was not reported
(Level 7). Geyer et al. (2001)""" conducted a small, pilot RCT involving 32 elderly nursing home residents who could
tolerate six hours daily sitting in a wheelchair. The experimental group (n = 15) received a pressure reducing cushion
(type not reported clearly), and the control group (n = 17) received a foam cushion. In total, 50% of study participants
developed pressure injuries, with no significant differences between the groups. However, as with the study by Brienza
et al. (2010),"° the ischial tuberosity pressure injuries incidence was significantly lower in the pressure redistribution
cushion group (p < 0.005)"" (Level 7).

Collins (1999)'?' performed a controlled trial involving older adults in acute care (n = 40). The experimental group had
armchairs with pressure redistribution cushions, padded armrests, and side wings to support the head, and the control
group had standard armchairs with foam on the seat. The experimental group developed significantly fewer pressure
injuries (p < 0.0001)."2" The importance of adequate postural support to prevent shear in coccyx, sacrum and buttocks
should be noted (Level 2).
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Defloor and Grypdonck (2000)'??2 investigated different types of cushion including air, water, hollow fiber, foam,
combination gel and foam, and sheepskin (n =28 cushions) in a laboratory study involving healthy volunteers. Interface
pressure was measured after one hour of immobilization. When cushions were combined according to type, the air
cushion category had the lowest interface pressure (t = -6.40, 95% Cl -9.17 to —-4.65, p < 0.01 versus armchair with
no cushion). However, water cushions and foam cushions did not differ significantly to air cushions. Within the foam
cushion category (n = 9 cushions) there was a significant difference between the various cushion types, with the two
visco-elastic foam cushions having maximum interface pressures approximately 38% higher than the armchair with
no cushion (p < 0.01). Cushions with the lowest maximum interface pressure were described by the manufacturers as
polyethylene-urethane (7 cm/2.75 inches; 85 kg/m?3), polymer (no specifications), vinyl (no specifications) and shock
absorbing polyester foam (60 kg/m?). Many of the gel cushions, combination cushions and the synthetic sheepskin had
negligible impacts on interface pressures (all p = ns versus armchair)'?? (Level 5).

Alternating pressure air cushions

Alternating pressure air cushions have been used in many clinical settings.’?® A study by Burns and Betz (1999)'*
concluded that there is a similar relief in pressure over the ischial tuberosities between a dynamic cushion during
the low pressure phase compared with a tilt-in-space wheelchair with a conventional cushion. However, individual
responses to the high pressure phase may vary (Level 5).

Wheelchairs equipped with an individually adjusted automated seat providing cyclic pressure relief using a protocol
of ten minutes normal sitting and ten minutes offloaded sitting may enhance pressure injury closure and decrease
wound surface area. An RCT (n = 44) conducted by Makhsous et al. (2009)'"®* found significantly more improvement in
pressure injury area closure and Pressure Scale for Healing (PUSH) score in individuals using an automated, cyclic relief
seat compared with individuals in a standard wheelchair who performed arm push-ups for pressure relief every 20 or
30 minutes. The group using the cyclic pressure relief seating system achieved a mean 45 + 21% improvement in mean
pressure injury surface area compared with 10.2 + 34.8% improvement in the control group (p < 0.001).""® As the study
did not address possible differences between groups in preventive measures provided when the individuals were not
seated, differences in wound care/dressings, and pressure injury size at baseline, it was not possible to recommend an
adjusted automated seat above a standard wheelchair with a manual pressure relief regimen (Level 7).

Seating for individuals with obesity

Biomechanical modeling studies suggest an increased risk of suspected deep tissue injury in the seated obese individual.
In a biomechanical modeling investigation, Elsner and Gefen (2008)'¢ used finite element models to demonstrate that
a higher BMI is associated with an increase in internal muscle tissue load under the ischial tuberosities. Sopher et al.
(2010)"7 continued this investigation using finite element models representing the same individual modeled with
BMIs ranging from less than 16.5 kg/m?up to 40 kg/m?. The study results showed that the percentage volume of muscle
tissue under the ischial tuberosities increased over five times as BMI increased from 19 kg/m?to 40 kg/m? (Level 5).

In laboratory modeling, increases on internal muscle load were shown to be of a greater magnitude when sitting on a
hard surface compared with a soft chair.’® "¢ Levy et al. (2016) ''® established that average strain and stress in fat and
skin tissues were mildly decreased when modeling individuals with normal to obese BMI sitting on an air cell-based
(ACB) cushion. The effect was more pronounced modeling individuals with diabetes and the same range of BMI. The
ACB has the potential to protect tissues of individuals with BMI of 30kg/m? by preventing strain and stress in fat and
skin tissues from exceeding a 20% increase above individuals with a normal range BMI (Level 5).

Support Surface Use During Transportation

Individuals may be at risk for pressure injury in all circumstances where they are in contact with a support surface and
have a degree of immobility or inactivity. This includes vehicle transportation and while waiting for a clinical review
and/or admission in the emergency department.

7.15: For individuals with or at risk for a pressure injury, consider using a pressure redistributing support surface
during transit.
(Good Practice Statement)

7.16: Transfer the individual off a spinal hard board/back board as soon as feasible after admission to an acute
care facility in consultation with a qualified health professional.
(Strength of Evidence = C; Strength of Recommendation = 1")
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Evidence Summary

A high quality Level 4 study'?® reported an incidence of pressure injuries for individuals with suspected cervical spine
injuries who remained on a spinal hardboard for a median of four hours as 28.3%. Indirect evidence suggests that
sacral tissue oxygenation is significantly lower after 30 minutes immobilization on a rigid long board.™® Although
indirect evidence'?”'?® suggests that using a vacuum spine board or a gel overlay is associated with lower interface
pressure than a spinal hardboard, a small high quality Level 3 study found no significant difference in pressure injury
incidence.™®

Implementation Considerations

e Transfer individuals with suspected spinal injury using protective equipment deemed appropriate by local policies
and procedures.'*'3! |n most instances, an ambulance transport stretcher used in conjunction with straps provides
sufficient spinal protection and adequately restricts the individual’s spinal motion, particular when the individual
is conscious and cooperative'® (Expert opinion).

Evidence Discussion

Undertaking a comprehensive pressure injury risk assessment during transit is often not possible, particularly in the
emergency vehicle when the care team have competing priorities (e.g., respiratory and cardiac stabilization). Using a
pressure redistributing support surface for all individuals in transit or, if pressure injury risk screening has been possible,
for those screened as having a possible pressure injury risk, is suggested (see Recommendation 1.21 on risk screening).
Initiating other preventive interventions (e.g., prophylactic dressings) as early as possible in the care pathway when
feasible has been demonstrated to contribute to a reduction in pressure injuries'*? (see Recommendation 6.4 in the
guideline chapter Heel Pressure Injuries).

Historically, individuals with suspected spinal cord injury (SCI) have been managed prior to hospitalization with an
extrication collar and long spine boar