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Preface

Wounds are everywhere, occurring in the young
and elderly, in hospital and at home, and affect
patients in every clinical speciality around the
world. Skin breakdown impacts on a significant
proportion of the global population each year and
has a major effect on sufferers, relatives, and their
carers. Many wounds and skin integrity problems
are self managed as those affected may lack access
to specialist services and professional expertise. As
a result, clinicians who manage wounds work in a
diverse range of healthcare environments and their
work involves addressing the prevention, treat-
ment, care needs, and long-term support of people
with skin damage. Even though skin and wound
problems are one of the commonest reasons that
people present to their doctors, relatively few are
referred for specialist advice.

There has always been common ground between
wound management and other clinical specialities
including dermatology and vascular medicine. But
in recent years, the overlap between clinical spe-
cialities concerned with the prevention and main-
tenance of skin integrity has become more appar-
ent as integrated pathways of care have become
widely accepted as a way of improving continuity
and collaboration among multidisciplinary teams
which until now has not been a feature of traditional
wound care services. In recent years, an empha-
sis on service integration has brought the speciali-
ties of wound mangement and dermatology much

closer, together as it makes sound economic sense
for health providers to develop services which cross
traditional boundaries, promoting integrated work-
ing, development of extended role practitioners,
and improvements in patient care.

This book aims to reflect these trends by cut-
ting across the traditional service boundaries and
is designed to be of practical help to any clini-
cian responsible for managing wounds and skin
integrity problems in hospitals or community set-
tings including nurses, doctors, podiatrists, phar-
macists, and physiotherapists. It has been written
with the needs of clinicians with a special interest
in the promotion and maintenance of skin integrity
in mind and provides the opportunity to develop
wound management, skin integrity, and dermatol-
ogy expertise by integrating relevant aspects of
these related disciplines into one comprehensive
resource. Thus, the primary goal for this book is
to help clinicians acquire and develop advanced
knowledge and skills to effectively promote and
maintain skin integrity in patients of all ages based
on the best available evidence. This supports the
global health agenda by building and supporting
a skilled workforce with the aim of maintaining
and improving health within a knowledge-based,
patient-centred healthcare system.

Section 1 covers Principles of Best Practice for all
wound types beginning with a review of how to
effectively make evidence-based clinical decisions
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to improve quality of everyday practice and con-
tinues with applied physiology of skin barrier
integrity and wound healing, and chapters focusing
on the generic principles of wound management,
wound infection, and the psychological impact of
skin breakdown.

Section 2, Challenging Wounds, considers spe-
cific types of nonhealing wounds such as pressure
ulcers, leg ulcers, diabetic foot wounds, surgical
and malignant wounds as well as lymphoedema
and dermatological conditions associated with skin
breakdown. Section 3, Improving Skin Integrity Ser-
vices examines the importance of reducing health-
care costs from a clinical perspective and the need
to demonstrate the value of skin integrity service
provision to key stakeholders. It concludes with an
analysis of the impact that advanced wound tech-
nologies have had on the healing revolution and
predicts the evolution of wound management in
the future. The expert practitioners who have con-
tributed to this book have willingly drawn upon
their wealth of personal experience, knowledge,
and skills to share practical tips and advice pre-
viously not published in a single resource.

Each chapter begins by providing an overview
of key issues and summarises the specific prin-
ciples of wound management by wound type to
provide a practical guide that is accessible to clin-
icians regardless of professional background, and
acknowledges that in different healthcare settings a
variety of health professionals may assume the lead
role for wound management and may do so with
limited resources. The book is written from a broad
international perspective avoiding nationally spe-
cific terms and agendas and addresses the need of
clinicians to access evidence-based information for
a broad range of wound types and is extensively
referenced throughout.

Each chapter concludes with a section on pro-
vision of specialist services and “further informa-
tion” which lists selected, free internet resources

that have been carefully chosen because they repre-
sent best practice, are evidence based, well written,
and relevant to an international audience. Where
possible, examples of current, consensus clinical
practice guidelines are provided to support clini-
cal decision making.

Chapter 15, Neglected Wounds, provides a quick,
practical guide to the types of wound sometimes
mismanaged due to lack of clinical experience and
is written using a concise, easy-to-read style. It pro-
vides key details about those wounds that are dif-
ficult to heal but less commonly encountered in
everyday practice and includes essential informa-
tion about factors delaying healing, complications,
tips for practical wound management, and criteria
for specialist referral, and is intended to offer prac-
tical, no-nonsense help for busy clinicians.

This book will be useful for anyone with a
responsibility for teaching clinicians, students, and
patients to manage wounds and skin integrity prob-
lems as well as practitioners studying wound heal-
ing, skin integrity, pressure ulcer prevention, der-
matology, and palliative care as part of science
degrees for doctors and health professionals allied
to medicine, and those with a research interest in
skin integrity and wounds.

The global wound care community is a tight-knit
group of dedicated and enthusiastic health profes-
sionals who are keen to share their knowledge and
experience to improve the life of patients with com-
promised skin integrity. I am pleased to observe that
this community is growing year on year as practi-
tioners researchers, and healthcare industry gain
knowledge and push the boundaries about what is
possible to improve the lives of patients with non-
healing wounds. If this book helps one clinician heal
a single patient’s wound, then the effort involved
will have been well worth it.

Madeleine Flanagan
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Section 1
Principles of Best Practice





1 Evidence and Clinical
Decision-making

Carolina Weller
School of Public Health and Preventive Medicine, Monash University, Melbourne, Australia

Overview
� Evidence-based practice integrates the best available research evidence with information about patient preferences, clini-

cian skills and available resources to make decisions about patient care.
� Barriers to the use of research-based evidence can occur when time, access to the literature, search skills, critical appraisal

skills and implementation skills are lacking.
� Evidence-based clinical decision-making requires comparison of all relevant sources. In the absence of randomised

controlled trials involving a direct comparison of treatments of interest, indirect treatment comparisons and systematic
reviews provide useful evidence.

� Clinical guidelines appear to be one of the most effective methods of applying evidence to improve quality of care but
little is known about the best way to implement them into everyday practice.

� Selective reading of high-quality evidence is one of the most effective strategies to improve research dissemination and
changes in practice. There are now good sources of evidence-based information available on the Internet that help identify,
appraise and apply research findings to clinical practice.

Introduction: what is effective clinical
decision-making?

Clinical decision-making is an essential part of
effective wound management and is based on
clinical judgement which consists of professional
performance and human judgement. Health care
providers increasingly recognise the importance
of making decisions based on the best possible

evidence. Making decisions that will impact on the
healing outcome of individuals in the clinical work-
place take place every day but reliability of clinical
judgement is often variable as many different fac-
tors will influence decisions; these include the type
of clinical setting, interpersonal relationships, avail-
able diagnostic data, scope of practice and individ-
ual skill (DiCenso et al., 2010). The process of clin-
ical decision-making should ideally include use of

Wound Healing and Skin Integrity: Principles and Practice, First Edition. Edited by Madeleine Flanagan.
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4 Wound Healing and Skin Integrity

research findings, clinical guidelines, and evidence-
based treatment algorithms (Rose, 2011). Improving
the implementation of evidence-based practice
(EBP) and public health depends on behaviour
change. Health care outcomes such as choice of type
of compression to encourage patient adherence to
compression therapy are often based on decisions
made within an organisation, which adds another
layer of complexity to clinical decision-making.
Clinical decisions that impact directly on patient
safety and quality of care are made by health
professionals based on previous knowledge and
experience. The care received by patients in relation
to wound care is often dependent on factors that are
related to characteristics of individual health pro-
fessionals, such as education and training in wound
care as well as behaviour of people in the workplace
(Grol, 2002). For patients to benefit from treatment,
clinicians must have a mastery of skills, including
history-taking and physical examination, although
effective clinical decision-making does not begin or
end there, continuous, self-directed lifelong learn-
ing is paramount to advance wound management
and improve quality of care.

What is evidence-based health care?

Best practice research evidence refers to method-
ologically sound, clinically relevant research about
the effectiveness and safety of interventions, the
accuracy and precision of assessment measures,
the power of prognostic indicators, the strength of
causal relationships, the cost-effectiveness of inter-
ventions and the meaning of illness or patient expe-
riences (Sackett et al., 1996).

Over 10 years ago, the Cochrane systematic
reviews (Cullum et al., 2000; O’Meara et al., 2009)
reported the importance of multi-component com-
pression bandages to heal people with venous leg
ulcers (VLUs) and the importance of Ankle Brachial
Pressure Index (ABPI) assessment to exclude arte-
rial disease prior to compression application. This
type of evidence should guide clinical practice, but
what if the clinician does not have access to a hand-
held Doppler and is unable to refer to a vascular
laboratory or specialist wound clinic due to geo-
graphical or cost factors? Even if a Doppler is avail-
able the clinician may not have the confidence to
assess the patients and measure the ABPI as found

in a recent cross-sectional survey of practice nurses
(PNs) working in Australian general practice clin-
ics. This study identified that knowledge of VLU
management was sub-optimal and current practice
did not comply with evidence-based VLU manage-
ment guidelines (Weller and Evans, 2012). Despite
recognition by PNs that specialist wound clinics
provide a valuable resource, more than 40% did
not refer patients for treatment and a third retained
patients for over 3 months before referring them for
specialist assessment. In the United Kingdom, PNs
typically have sole responsibility for determining
the patient’s treatment plan (Ertl, 1992; McGuckin
and Kerstein, 1998). Despite 70% of PNs having
some responsibility for determining VLU manage-
ment, less than 20% stated that they used best
practice guidelines to direct treatment (Weller and
Evans, 2012).

Despite availability of evidence to support leg
ulcer management, studies have identified deficien-
cies in general practice management of leg ulcer-
ation, specifically the under-use of ABPI measure-
ments, over-reliance on dressings and lack of under-
standing of compression therapy (McGuckin and
Kerstein, 1998; Graham et al., 2003; Sadler et al.,
2006).

Research evidence alone is never sufficient to
make a clinical decision. Clinicians often weigh
up the benefits and risks, inconvenience and costs
associated with alternative management strategies,
and in doing so consider the patient’s values.
Patient values and preferences refer to the under-
lying assumptions and beliefs that are involved
when clinicians, together with patients, weigh what
they will gain making a clinical management deci-
sion such as choosing a compression system that
is easy for the nurse to apply, is less expensive
and is more comfortable for the patient. Heal-
ing time can be improved simply by addressing
the issue of nurse application, patient adherence
and cost-effectiveness (Weller et al., 2010b, 2010c).
EBP involves the incorporation of research evi-
dence, clinical expertise and client values in clinical
decision-making (Sackett et al., 1996). Application
of high-quality evidence to clinical decision-making
requires knowledge of how to access evidence in the
first place; includes an understanding of literature
searching and application of critical appraisal skills
to differentiate lower- from higher-quality clinical
studies (Weller, 2009).
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Common misperceptions about
evidence-based practice

� Clinicians believe they already ‘do’ EBP;
� EBP is a passing trend;
� EBP leads to ‘cook book’ medicine;
� EBP is expensive and time-consuming;
� EBP is a restriction of clinical freedom;
� ‘I have always done it this way, so I know it

works’.

How does evidence fit into clinical
decision-making in clinical practice?

The skills necessary to provide an evidence-based
solution to a clinical problem includes several
aspects such as defining the problem, conducting an
efficient search to locate the best evidence, critically
appraising the evidence and considering that evi-
dence and its implications in the context of patients’
circumstances and values (Box 1.1).

Clinicians report that the major barrier to using
current research evidence is time, effort and skills
needed to access the right information (Cabana
et al., 1999). A high proportion of new research
articles are peer reviewed and published, although
the addition of systematically combining results
in context of other similar studies is still lack-
ing. Ideally, clinicians could access updated well-
conducted systematic reviews for all clinical ques-
tions, however only about 10% of randomised con-
trolled trials (RCTs) are incorporated in Cochrane
reviews (Mallett and Clarke, 2003) and at least 90%
of reviews recommended further research (El Dib
et al., 2007). Despite these limitations, systematic
reviews can improve decision-making (Box 1.2).

EBP integrates the best available research evi-
dence with information about patient preferences,
clinician skill level and available resources to make
decisions about patient care (Sackett et al., 1996).
Attaining these skills requires knowledge, motiva-
tion and application (Guyatt et al., 2000). Clini-
cians often have questions about the care of their
patients, but many go unanswered (Dawes and
Sampson, 2003). Barriers to the use of research-
based evidence can occur when time, access to jour-
nal articles, search skills, critical appraisal skills and
understanding of the language used in research are
lacking.

The aim of evidence-based health care is to
provide the appropriate means for making effec-
tive clinical decisions, not only for avoiding habit-
ual practice but also for enhancing clinical per-
formance. An EBP culture connects research evi-
dence, patient preferences, the available resources
and clinical expertise, to include these factors in
the decision-making process. Clinical judgement
provides health professionals with a methodology
for comparing decisions between practitioners with
different training and experience, and improving
decision-making. Keeping up to date with wound
care research is a mammoth task and is a chal-
lenge for busy clinicians. Evidence-based health
care requires clinicians to engage with research evi-
dence in decision-making at the workplace. But is
it unrealistic to assume that research results will
be implemented in clinical practice as translational
research can be hindered by two main aspects: how
the evidence is generated, and how the evidence
is implemented? When generating evidence, one
major barrier to uptake of research into clinical
practice is that the ‘practice’ described in clinical
trials or research environments may not be gen-
eralisable from the setting (hospital community),
circumstances (number of clinicians with wound
management knowledge), patient groups (chronic,
acute wounds) and resources (Doppler ultrasound,
wound dressings, compression bandages) available
in daily practice of many clinicians.

For evidence to be translated to clinical practice
the clinician needs to be aware of the evidence,
and accept and adhere to findings. Although it is
broadly accepted that effective health care deci-
sions require the integration of research evidence
and individual preferences, it is not unusual to find
that evidence generated by researchers does not
always get implemented in a timely and depend-
able way and may not take into account patient
input (Cabana et al., 1999). One could question
whether practitioners and patients benefit from cur-
rent best practice and whether EBP affects treat-
ment outcomes in a positive way when research that
should change practice is often ignored for years,
for example pressure ulcer risk assessment and pre-
vention, moist wound healing principles (Winter,
1995, 1962, 2006; Cullum et al., 2000) and com-
pression for treatment of venous ulcers (Fletcher
et al., 1997; Cullum et al., 2001; O’Meara et al.,
2009).
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Box 1.1 Steps for appraising the literature

1. Ask an answerable question from a clinical issue

PICOT is one technique that can used to develop clinical research questions. PICOT is an acronym for the five different areas
the technique considers: patient/population, intervention or issue, comparison with another intervention or issue, outcome
and timeframe; e.g. Which interventions help people adhere to compression therapies for venous leg ulceration?

2. Search for valid external evidence

Quick access to pre-appraised information is available at

� The Cochrane Library
� PubMed Clinical Queries
� ACP Journal Club
� Evidence-based Medicine

3. Critically appraise the evidence for relevance and validity

Methods

Consider

� Study design, e.g. randomised controlled trial, cohort study, survey;
� Clinical setting, e.g. hospital, community;
� Patient population, e.g. sample size, inclusion/exclusion criteria;
� Describe intervention group and control group;
� Blinding (if applicable), e.g. double blind, single blind;
� Statistical analysis, e.g. suitability of tests;
� Relevance of outcome measures, e.g. time to complete healing;
� Follow-up, e.g. duration, all patients accounted for.

Results

Consider

� Relevance of outcomes, e.g. number needed to treat, sensitivity, specificity;
� Time points of reporting;
� Compliance with intervention/therapy/medications;
� Adverse effects.

4. Apply the results back to the patient

There is low-quality evidence that leg ulcer clinical care may not improve adherence to compression therapy or healing rates
or prevent recurrence when compared to home care. Because of the lack of reliable evidence, it is not possible to recommend
nurse clinical care interventions. There is a need to improve and increase interaction with patients emphasising the adherence
in future compression trials (Field, 1994).

5. Record the information for the future

Audit your clinical practice by checking your everyday practice against published EBP on a regular basis.

Although EBP has an increasingly broad-based
support in health care, it remains difficult to get
health care professionals to engage and practice it
(Thompson et al., 2005). Across most domains in

wound care, practice has lagged behind research
and knowledge by at least several years and
often longer (Bates et al., 2003). There are many
impediments to introducing evidence and clinical
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Box 1.2 Summary of systematic review: compression for venous leg ulcers (O’Meara et al., 2009)

Objectives: To undertake a systematic review of all RCTs of the clinical effectiveness of compression bandage or stocking
systems in the treatment of venous leg ulceration.

Specific questions addressed by the review are

� Does the application of compression bandages or stockings aid venous ulcer healing?
� Which compression bandage or stocking system is the most effective?

Search strategy: For this update the Cochrane Wounds Group Specialised Register (14/10/08) was searched; the Cochrane
Central Register of Controlled Trials (CENTRAL) (The Cochrane Library Issue 4 2008); Ovid MEDLINE (1950 to October Week
1 2008); Ovid EMBASE (1980 to 2008 Week 41); and Ovid CINAHL (1982 to October Week 1 2008). No date or language
restrictions were applied.

Selection criteria: RCTs recruiting people with venous leg ulceration that evaluated any type of compression bandage system
or compression hosiery were eligible for inclusion. Comparators included no compression (e.g. primary dressing alone, non-
compressive bandage) or an alternative type of compression. Trials had to report an objective measure of ulcer healing in
order to be included (primary outcome for the review). Secondary outcomes of the review included ulcer recurrence, costs,
quality of life, pain, adverse events and withdrawals. There was no restriction on date, language or publication status of trials.

Data collection and analysis: Details of eligible studies were extracted and summarised using a data extraction table. Data
extraction was performed by one review author and verified independently by a second review author.

Main results: Overall, 39 RCTs reporting 47 comparisons were included. Review question 1: there was reasonable evidence
from seven RCTs that venous ulcers heal more rapidly with compression than without. Review question 2: findings from six
trials of single-component compression suggested that this strategy was less effective than multi-component compression.

Authors’ conclusions: Compression increases ulcer healing rates compared with no compression. Multi-component systems
are more effective than single-component systems. Multi-component systems containing an elastic bandage appear more
effective than those composed mainly of inelastic constituents.

guidelines into routine daily practice (Grol and
Grimshaw, 2003).

One aspect that researchers need to consider
when designing a clinical trial is that the popula-
tion, measurement tools and interventions will be
relevant to the clinical patient group. Some have
argued that RCTs are too limited (Gottrup, 2010;
Gottrup and Apelqvist, 2010) but others disagree
and argue that wound care research needs high-
level evidence reported in a transparent way so clin-
icians and health policymakers can improve wound
care with the best available evidence to guide prac-
tice (Barton, 2000; Weller et al., 2010d; Weller and
McNeil, 2010). For implementing evidence, clinical
guidelines appear to be one of the most promising
and effective tool for improving the quality of care
but little is known about the optimal implemen-
tation strategy. There are many good examples of
internationally agreed clinical guidelines in wound
management that define best practice and are easy
to implement to guide local practice (SIGN, 2010;
Australian Wound Management Association Inc.
and New Zealand Wound Care Society Inc., 2011).

Challenges to changing practice

Even when most clinicians are aware of evidence,
there may be little impact on quality of care due to
the many complexities involved in changing prac-
tice. Change within organisation structures may be
hindered by many factors, and barriers to trans-
forming clinical competence into clinical perfor-
mance can arise due to varied reasons (Thomp-
son et al., 2005). For example, the patient or health
care system may not be able to afford effective best
practice treatments. Practitioners may experience
excessive workloads, inadequate practice organisa-
tion, financial pressures and lack of time they are
able to spend with each patient which may result
in less than optimal care. To introduce evidence
into clinical practice it is appropriate to identify
the groups affected by the proposed change/s in
practice. It is paramount to assess the preparedness
of the group to change and identify likely enabling
factors, including resources, skills and knowledge.

In addition, the practice of ‘traditional habits’,
e.g. failing to apply compression bandage routinely
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in people with venous ulcers (omission) or inap-
propriate use of ‘new’ dressing (commission) can
impact negatively on healing outcomes and quality
of life for people with chronic wounds. Although
individual clinical practice environments will vary
for each health professional, aspects such as pro-
fessional discipline, availability of information and
current resources in the workplace need to be con-
sidered when considering change to health ser-
vice environment. The amount, structure and type
of clinical information available are often out of
date, not evidence based, variable across clinical
domains and not centrally organised on informa-
tion which leads to uncertainty associated with clin-
ical decision-making. However, the first hurdle to
overcome is the awareness and ability to identify
high-quality evidence.

Health professionals work in different set-
tings/institutions with differing levels of expertise
and may handle similar decisions very differently.
Clinical organisations limit or shape choices associ-
ated with clinical decisions. Some solutions devel-
oped in one place may not be directly transferable
or applicable to another health care environment or
patient group. Although there are many RCTs and
published systematic reviews in wound care pro-
viding information on decisions about compression
therapy as the best practice treatment for people
with VLUs, there are still examples of lack of com-
pression application by some communities and PNs
(Annells et al., 2008; Newall et al., 2009). Evidence-
based health care decision-making requires com-
parison of all relevant competing interventions. In
the absence of RCTs involving a direct compari-
son of all treatments of interest, indirect treatment
comparisons and network meta-analysis provide
useful evidence for judiciously selecting the best
treatment(s) (Hoaglin et al., 2011). To implement
an intervention requires both access and knowl-
edge. For compression, this is challenging enough;
becoming familiar with the many different types of
bandages, contraindications of application, adverse
effects and monitoring require improved education
and better specific training in wound care to lead to
better wound care outcomes for patients (Gottrup,
2004). Patients must also contend with competing
claims and advice from clinicians, adverse effects;
or the fear of, and sometimes the lack of funding to
pay for compression treatments.

EBP implementation remains limited in clinical
practice. There are practical problems of implemen-

tation, which include training, access to research,
and development of and access to tools to dis-
play evidence and support for decision-making.
There may also be practical difficulties of imple-
mentation due to the disease burden of the patient
group, funding models and workforce shortages
which have been reported to have hindered suc-
cessful adoption of evidence-based strategy that
was known to improve health outcomes in a wound
care group. A supportive professional environment
can greatly influence the use of research-based evi-
dence to inform clinical decisions of an individual
(Spring, 2008).

Factors influencing clinical judgement

Clinical decision-making is the ability to sift and
synthesise information, make decisions and appro-
priately implement them. Clinical decision-making
is a complex process whereby practitioners deter-
mine the type of information they collect, recog-
nise problems according to the cues identified dur-
ing information collection, e.g. wound assessment,
and then decide upon appropriate interventions to
address those problems (Sox et al., 2010).

Although many factors influence the decision-
making process, there are a myriad of other factors
that serve as barriers to this process. Even when
clinicians know and accept what to do, it is possible
that with workloads they forget or neglect to do it
(Glasziou and Haynes, 2005). To achieve effective
clinical decision-making, health professionals need
to be encouraged to make decisions and assume
responsibility for their decisions. Evidence from
successful health service change projects suggests
that an environment that is genuinely collabora-
tive, cooperative, democratic and involves all stake-
holder groups including the patient is imperative
for success (Atallah, 1999; Adderley and Thomp-
son, 2007; Grol et al., 2007; Avorn and Fischer, 2010).
Factors affecting decision-making must be iden-
tified and aspects such as adequate time, techni-
cal support and sufficient resources to implement
the proposed change must be evaluated to encour-
age shared decision-making. These factors must be
understood, the barriers be identified and strate-
gies to minimise these barriers be developed and
implemented (Griffin et al., 2011). Habits do not
change easily, despite best intentions. Omissions are
particularly easy for preventive measures such as



Evidence and Clinical Decision-making 9

compression hosiery when the venous ulcer has
healed, as these aspects are not the pressing focus
of the management visit.

Patient safety and quality of care will bene-
fit from clarification of decision-making strategies,
in the development of guidelines and care path-
ways. Clinical decision support may include a vari-
ety of tools (printed and electronic) that make
knowledge and information available to the clin-
ician to access important information (Kawamoto
et al., 2005). Much has been written about effecting
organisational change within health care (Oxman
et al., 1995; Walter et al., 2003; Davies et al.,
2008; Wilkinson et al., 2011) and more recently in
wound health care (Gottrup et al., 2010), though
the need to further promote knowledge and evi-
dence to already busy health professionals can
be improved. Groups such as the Cochrane Col-
laboration, national health and research organisa-
tions such as the National Health Scheme, National
Health and Medical Research Council, National
Institute of Clinical Studies Joanna Briggs Cen-
tre and high-quality wound journals that provide
high-quality appraisal of research findings and
existing evidence can help the clinician to take
up the information offered. Some resources avail-
able include, but are not limited to, the NHS Evi-
dence Base, American College of Physicians (ACP)
database/journal updates journal clubs, online
services, BMJ clinical, EBM/Practice Databases,
EBM clinical decision support, DYNAMED clini-
cal, Database of Abstracts of Reviews of Effective-
ness Centre, Centre for Evidence-Based Medicine,
McMaster University Evidence Based Medicine.

Even when high-quality syntheses of evidence is
presented to clinicians, the information presented
will be shaped by the clinician’s previous knowl-
edge (Davies et al., 2008). Clinician’s experience is
then connected to the context and culture where
individuals work, as well as to their role and posi-
tion in the organisation to shape effective use and
implementation of evidence in practice. One aspect
that has been successful in part is the initiation
of wound care champions (McNees and Kueven,
2011) who take on the responsibility of promoting
effective change using research evidence to improve
quality of care for people with compromised skin
integrity.

Personal contact with respected wound care and
dermatology colleagues can bring about change,
although it is imperative that these key leaders are

competent in identifying and critically appraising
the best available evidence and take responsibil-
ity for designing and implementing research that is
robust. This mechanism may not work if the profes-
sional practice of these distinguished and respected
wound care experts includes traditional unproven
ways of doing things and may in turn be highly
resistant to effective implementation of evidence-
based care. To achieve EBP in wound care, clini-
cal decision-making should be scientifically based.
Future research should focus on which interven-
tions are most effective in optimising wound heal-
ing, as well as investigating cost-effectiveness of
treatment (Cowan and Stechmiller, 2009).

Evidence-based practice: hierarchy
of evidence

Hierarchies of evidence refer to a method of grad-
ing the ‘best’ sources of evidence to support clini-
cal decision-making. These hierarchies of evidence
are often depicted as a pyramid with three, four
or five levels and although consensus does not
exist, one of the most widely accepted is illus-
trated in Figure 1.1. Research that can be generalised
(applied to whole populations), such as Systematic
Reviews and RCTs, is positioned at the apex of the

Evidence
Summaries

RCTs Case Cohorts,
Control Studies

Clinical Research Critiques

Other Reviews of the Literature

Case Reports, Case Series, Practice
Guidelines, etc.

Clinical Reference Texts

Evidence
Guidelines

Cochrane
Systematic Reviews

Other SRs and Meta-analyses

Figure 1.1 The Hierarchy of Evidence. Pyramid modified
from Navigating the Maze, University of Virginia, Health Sci-
ences Library (2009).
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pyramid and evidence where it is not appropriate
to generalise, such as data obtained from qualita-
tive research and expert opinion, is usually found
at the bottom of these hierarchies. The hierarchy
indicates the relative importance that can be given
to a particular study design. The higher a method-
ology is ranked, the stronger it is assumed to be.
At the top is the systematic review/meta-analysis
which integrates results of a number of similar tri-
als to produce findings of higher statistical power.
At the bottom is the opinions of respected author-
ities, e.g. consensus clinical guidelines thought to
provide the weakest level of evidence.

Systematic reviews

A systematic review is a way of summarising the
results of multiple research studies in a format that
gives a critical assessment of the efficacy and safety
of the specific intervention under review. The main
objective of a systematic review is to provide sum-
mary information to help clinicians make decisions
about health care interventions based on best evi-
dence available (Box 1.2).

Systematic reviews are a very efficient way to
access the body of research as they save time
for busy clinicians who can read a critical syn-
opsis of current research evidence in one docu-
ment. Searches are undertaken on multiple elec-
tronic databases such as CENTRAL and include
MEDLINE, EMBASE and other specialist databases
(e.g. TRoPHI, CINAHL, LILACS), which ensure a
comprehensive search. The search strategy often
includes grey literature, trials registers citations, ref-
erences and may include contacting experts in the
field and are not limited by language, year, loca-
tion and publication status. A systematic review
of the literature differs from a literature review,
being based on a scientific design, which aims to
reduce bias and increase reliability and provide a
comprehensive picture of all of the available evi-
dence. The information available in a systematic
review includes critical appraisal, interpretation of
results and reliable basis for decision-making for
health care, policy and future research.

Cochrane systematic reviews (Cochrane Wound
Group) aim to bring together the body of evidence
to inform decision-making. Cochrane reviews are
peer reviewed, updated regularly and are free of
conflicted funding. Protocols are published prior to
review and outline the question definition, eligibil-

ity criteria and outcome measures to reduce impact
of bias and are published in The Cochrane Library.
Cochrane reviews can be accessed via the Cochrane
Library: www.thecochranelibrary.com

A systematic review is comprised of
� clearly stated objectives;
� pre-defined eligibility criteria;
� explicit, reproducible methodology;
� a systematic search;
� assessment of validity of included studies;
� systematic synthesis and presentation of find-

ings.

Other sources of systematic reviews include
� Agency for Healthcare Research and Quality:

www.ahrq.gov;
� Joanna Briggs Institute: www.joannabriggs.edu

.au;
� BMJ Clinical Evidence: www.clinicalevidence

.com;
� Bandolier: www.medicine.ox.ac.uk/bandolier.

Randomised controlled trials

The RCT is considered the best research design to
determine the effectiveness of health care interven-
tions. Study participants are randomly assigned to
receive a new intervention (experimental group) or
standard intervention or no intervention (control
group). Randomisation should ensure that chance
determines the allocation of participants to one
group or other so that the only difference between
the two groups should be the intervention. Partic-
ipants progress is monitored over a specified time
period (follow up) and then specific outcomes are
evaluated. The random allocation of participants
is used to ensure that the intervention and control
groups are similar in all respects (which is diffi-
cult in chronic conditions) with the exception of the
therapeutic or preventative measure being tested
(Weller et al., 2010a, 2010c).

Practice point

Is the RCT the best way to provide the evidence base
to support wound management decisions?

Originally in medicine RCTs were perceived as the ’gold
standard’ in terms of levels of evidence and research.
In contrast, social science approaches used to explore

http://www.thecochranelibrary.com
http://www.ahrq.gov
http://www.joannabriggs.edu.au
http://www.clinicalevidence.com
http://www.medicine.ox.ac.uk/bandolier
http://www.joannabriggs.edu.au
http://www.clinicalevidence.com
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aspects of patient experience have traditionally been
undervalued and seen as unscientific. However, in 1995,
Gyatt et al. recognised the greater value of systematic
reviews and meta-analyses as they form a comparative
analysis of research. Since then, concerns have been
raised about the ranking of evidence in relation to which
is the most relevant to clinical practice.

The hierarchy is not fixed and there is debate about
the relative positions of different research methodologies.
Although the RCT is traditionally considered as being an
objective method of removing bias, its design is expen-
sive, slow and produces results that may not reflect every-
day practice. Methodologies that are lower in ranking are
not always inferior, for example a well-conducted obser-
vational study may provide more convincing evidence
about a treatment than a poorly conducted RCT. Although
randomised studies are considered more robust, it would
be unethical to perform an RCT which exposed patients
to a risk of skin integrity breakdown, for example a study
evaluating the effect of no intervention in patients at high
risk of pressure ulceration.

Finally, the evidence hierarchy focuses on quantita-
tive research methodologies; however, it is important to
choose the most appropriate study design to answer the
research question. For example, it is usually not possible
to identify individual’s feelings and personal experience
of living with a chronic wound such as a leg ulcer without
using qualitative techniques.

It is therefore important for health care professionals
to develop skills to critically evaluate a range of sources
of evidence and to raise awareness of the value of eval-
uating a balanced portfolio of credible evidence when
suggesting changes to practice.

Evidence-informed decisions

As stated by Sackett, almost 15 years ago, exter-
nal clinical evidence can inform, but can never
replace, individual clinical expertise, and it is this
expertise that decides whether the external evi-
dence applies to the individual patient at all and,
if so, how it should be integrated into a clinical
decision. Similarly, any external guideline must
be integrated with individual clinical expertise in
deciding whether and how it matches the patient’s
clinical state, predicament and preferences, and
thus whether it should be applied (Sackett et al.,
1996).

A busy clinician will look for the result overview.
Aspects such as the type of study, the type of par-
ticipants and the outcome measures are important
as these should be evaluated in their own context

of clinical practice. Some questions that will help
when weighing up the relevance of evidence are

(1) Are the participants described similar to my
patient group?

(2) Is the intervention something that is used in
my practice?

(3) Is the setting similar to my clinical practice
environment?

(4) Are the resources used in the study available
in my clinical practice for my patient group?

If the answers to these questions are yes, clini-
cians can make a judgement about the overall qual-
ity of evidence based on the criteria as follows:

� risk of bias;
� heterogeneity;
� precision;
� reporting bias;
� generalisability;
� quality (level) of evidence.

The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) Working
Group has developed a commonsense and trans-
parent approach to grading quality of evidence and
strength of recommendations. Many international
organizations endorse this approach including
the World Health Organisation and the Cochrane
Collaboration.

Critical appraisal frameworks

Critical appraisal of research includes both qualita-
tive and quantitative methods, though concentrates
on the analysis of the approaches taken to data
analysis. Applying a framework of questions to cri-
tique a paper allows the reader to critically appraise
published work, identify its strengths and limi-
tations and give opportunities to make informed
judgements about the study (Box 1.3). The criti-
cal appraisal of published research can inform the
development of research questions, hypothesis and
methodological approaches, or confirm that the
body of knowledge that exists is sufficiently robust.
Appraising any publication requires three main
elements:

(1) What are the results?
(2) Are the results of the study valid?
(3) Are the results applicable to my patients?
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Box 1.3 Assessing validity: checklist for various study designs

RCT

� Was the randomisation method outlined adequately?
� Was the randomisation method concealed?
� Were treatment and control groups similar in characteristics (age, gender, etc.) at baseline?
� Were patients and clinicians blinded to treatment?
� Were outcomes assessed objectively?
� Were all patients starting trial accounted for at conclusion?
� Were patients analysed in the groups to which they were randomised, e.g. analysed by intention to treat?

Cohort

� Is the study prospective or retrospective?
� Were the control and study group similar in characteristics at baseline (except for exposure)?
� Were all patients starting the trial accounted for at conclusion?
� Were researchers conducting assessment of outcome blind to exposure status?
� Were the main potential confounders identified and taken into account in the analysis?

Case–control

� Were the cases clearly defined?
� Were cases and controls taken from comparable populations?
� What percentage of cases and controls participated in the study?
� Were study measures identical for cases and controls?
� Were study measures objective or subjective and is recall bias likely if they were subjective?
� Were the main potential confounders identified and taken into account in the analysis?

Cross-sectional study

� Was the study sample clearly defined?
� Was a representative sample achieved?
� Were all relevant exposures, potential confounding factors and outcomes measured accurately?
� Were patients with a wide range of severity of disease assessed?

Case study

� Were cases identified prospectively or retrospectively?
� Are the cases a representative sample?
� Were all relevant exposures, potential confounding factors and outcomes measured accurately?

Other considerations

� Discuss strengths and weaknesses of study (internal and external validity, see above).
� Discuss the study in context of other available literature and/or current standard of care.
� What is the best study design for investigating the research question?
� Can the study outcomes be generalised to your patients?
� What are the clinical implications of this study?
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Specific frameworks such as the Consolidated
Standards of Reporting Trials (CONSORT) state-
ment (Moher et al., 2010) provides guidance on
how to conduct a rigorous RCT for researchers
but it can also be used by clinicians as a frame-
work when appraising the results. The CONSORT
statement has the potential to play a crucial role
in influencing the quality of research and clinical
practice and to improve wound care. Implemen-
tation of the CONSORT statement can clarify to
the reader what exactly was done in the RCT, to
whom and when, so that practitioners and health
care providers can determine study validity and rel-
evance to their patient group. RCTs are one method-
ological approach to add to the body of evidence
which can inform clinical practice. There are many
other quantitative and qualitative approaches that
can also inform clinical practice.

Clinical guidelines

Clinical guidelines are ‘systematically developed
statements to assist clinician and patient decisions
about appropriate healthcare for specific circum-
stances’ (Field, 1994). The main purpose of clinical
guidelines is to help clinicians provide quality care
and to aid in the evaluation of that care with best
practice. The development and implementation of
(evidence-based) clinical practice guidelines is one
of the promising and effective tools for improving
the quality of care (Barker and Weller, 2010). How-
ever, many guidelines are not used after dissemina-
tion. Implementation activities frequently produce
only moderate improvement in patient manage-
ment (Grol and Buchan, 2006; Grol, 2010). Clinical
wound care practice guidelines, including specific
guidelines for VLUs, skin tears, diabetic foot, pres-
sure ulcers, are now available in many countries
(SIGN, 2010) and most take time and resources to
collate and distribute.

Practice point

There are many clinical guidelines available for wound
and skin care; almost every country has its own version of
clinical practice guidelines. Clinicians are faced with the
dilemma of choosing from an abundance of guidelines
of variable quality or developing new guidelines of their
own.

Clinical guidelines should be critically evaluated to
ensure that they

� focus on aspects of care delivery that are concerned
with difficult decisions or choices to make clinical
management easier;

� are based on current scientific evidence drawn from
well-designed clinical trials or meta-analyses and clear
arguments based on clinical skills and experience;

� contain clear practice recommendations that provide a
clear description of desired performance and specific
advice about what to do in which situation and which
factors should be taken into account;

� are compatible with existing norms and values of clin-
icians and are not too controversial.

(Burgers et al., 2003)

As users of clinical practice guidelines, health
care professionals need to know how much con-
fidence they can place in the practice recommenda-
tions made. Systematic methods of making judge-
ments can reduce errors and improve communi-
cation, although some guidelines contradict other
publications. A system for grading the quality of
evidence and the strength of recommendations that
can be applied across a wide range of interventions
and contexts has been developed (Brouwers et al.,
2010). Clinical judgements about the strength of a
recommendation require consideration of the bal-
ance between benefits and harms, the quality of
the evidence and translation of the evidence into
specific circumstances. Understanding of EBP is
a useful resource when making such judgements.
Resource utilisation or how cost-effective the inter-
vention is often lacking in published study results.
Good evidence for the cost-effectiveness of many
treatments aimed at improving skin integrity are
lacking (Grimshaw et al., 2004).

Summary

There is an international effort to improve evidence-
based, cost-effective and accountable clinical prac-
tice. In Australia, the National Health and Hospitals
Reform Commission has a strong focus on continu-
ous learning and evidence-based improvements to
health care delivery (Bennett, 2009). In the United
States, the Institute of Medicine is building the con-
cept of a value and science-driven learning health
care system that is effective and efficient; and in the
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United Kingdom, guidance from the National Insti-
tute for Health and Clinical Excellence, combined
with quality and outcome frameworks that include
financial incentives, seeks to align clinical practice
with best available evidence (Scott, 2009; Scott and
Glasziou, 2012).

Evidence-based guideline development reflects
one approach to improving patient care: it assumes
health professionals are rational decision-makers
who will act on convincing information. A belief
that developing and disseminating systematic
reviews and guidelines will improve patient out-
comes ignores the complexity of change in health
care. Guidelines do not implement themselves, they
need to be developed, well executed and sustained
in implementation programs and even then such
programmes usually have only a moderate effect on
performance in terms of improvements in patient
care (Solberg et al., 2000). Many factors play crucial
roles in hindering changes in health care. These fac-
tors are related not only to professional decision-
making but also to patient behaviour, interaction
with colleagues, team functioning and organisa-
tional conditions for change, resources and eco-
nomic or legal conditions (Grol and Buchan, 2006).
Challenges can arise when clinical guidelines are
introduced into routine daily practice as clinicians
find it difficult to be aware of all the relevant valid
evidence due to the volume of published research.
Plans for change in practice should be based on
characteristics of the evidence or guideline itself
and barriers and facilitators to change (Grol and
Grimshaw, 2003). Some barriers to adoption of evi-
dence may be information overload as it is not
uncommon that clinicians find it difficult to be
aware of all published evidence as there are so many
journals to consider. Even if evidence is accepted,
clinicians and guidelines may not target correct
groups. To carry out a clinical intervention requires
both access and knowledge.

Evidence-based research provides information
on which to base clinical decisions and a support
for decision-making by providing best outcome
data. Comparative effectiveness research using sys-
tematic review analysis to compare similar treat-
ments or procedures in maximising the choice of
the most effective cost/benefit option within the
context of best evidence is a valuable adjunct to pro-
tect patients from ineffective or harmful treatments
(Lean et al., 2008).

Translational research is the process evolving
from EBP that translates the results of clinical
trials into sustainable changes in practice (Lean
et al., 2008). It has become a useful tool in
improving decision-making in the clinical setting
and was developed to be a foundation between
researchers, clinicians and patients. Translational
research using evidence-based and comparative
effectiveness research will continue to evolve, and
may prove to be a useful tool to improve decision-
making in the clinical setting (Bauer and Chiappelli,
2010). EBP that integrates best available research
evidence with information about patient prefer-
ences, clinician skills and available resources can
improve clinical decisions in wound care.

Useful resources

Canadian resources

http://ktclearinghouse.ca – The KT Clearinghouse web-
site is funded by the Canadian Institute of Health
Research (CIHR) and is a comprehensive resource
incorporating the Centre for Evidence Based Medicine
in Toronto.

McMaster University.

European resources

www.thecochranelibrary.com – Cochrane Systematic
Reviews covers all areas of clinical practice including
the Cochrane Skin Group and the Cochrane Wound
Group.

www.cks.nhs.uk – It provides summary of evidence-
based clinical guidelines (UK).

www.evidence.nhs.uk – National Health Service (UK)
approved evidence website.

International resource

The GRADE system to evaluate the quality (level) of evi-
dence and strength of recommendations. Available at:
www.gradeworkinggroup.org.

Useful critical appraisal frameworks

CONSORT (Consolidated Standards of Reporting Tri-
als) Transparent Reporting of Trails. Available at:
http://www.consort-statement.org/home/

http://ktclearinghouse.ca
http://www.thecochranelibrary.com
http://www.cks.nhs.uk
http://www.evidence.nhs.uk
http://www.gradeworkinggroup.org
http://www.consort-statement.org/home
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Registered Nurses Association of Ontario. Available at:
www.rnao.org/bestpractices

NHS National Institute for Health and Clinical Studies.
Available at: www.guidance.nice.org.au

Critical Appraisal Skill Program (CASP). Available at:
www.phru.nhs.uk/casp/critical_appraisal_tools.htm

Further reading

Gottrup, F., Apelquvist, J., Price, P. (2010) Outcomes
in controlled and comparative studies on nonhealing
wounds. Journal of Wound Care, 19(6), 237–268.

Greenhalgh, T. (2001) How to Read a Paper: The Basics of
Evidence Based Medicine. London: BMJ.

Guyatt, G., Rennie, D., Meade, M., Cook, D. (2008) Users’
Guides to the Medical Literature: A Manual for Evidence-
Based Clinical Practice. 2nd ed. Chicago, IL: McGraw-
Hill Medical.
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Overview
� Skin health can be threatened by disruption to the epidermis. Conditions such as dry skin, atopic dermatitis and wounds

cause skin barrier dysfunction that comprises the ability of the body to protect itself.
� Skin care regimes that include cleansing, hydration and protection are beneficial and help to restore barrier function.
� Skin breakdown is largely preventable with implementation of effective and relatively inexpensive interventions. Yet is

often ignored by policymakers and health professionals, resulting in significant impact on quality of life.
� There is a lack of good-quality clinical evidence to guide the use of skin care protocols in clinical practice and further

research is urgently required.

Introduction

The most important function of the skin is to pro-
vide a semi-permeable barrier to protect the body
from the outside world. The outermost layer of
the skin is the stratum corneum (SC) that forms
the external layer of the epidermis responsible for
maintaining skin barrier function and the integrity
of healthy skin. Maintaining skin health has been a
preoccupation for centuries and is something that
individuals often take for granted until damage
occurs. Environmental and social factors influence
an individual’s concerns about their skin: some-
one living in poverty may be worried about skin
infestations or leprosy, someone admitted to hospi-

tal might worry about developing pressure ulcers
and a health care professional with the avoidance
of hand dermatitis. There is a growing body of evi-
dence to support skin care regimes based on gentle
cleansing, moisturisation and application of a skin
protectant. This chapter will discuss factors affect-
ing skin integrity and strategies aimed at minimis-
ing skin barrier dysfunction.

Clinicians managing chronic wounds encounter
patients with a variety of skin-related problems
ranging from incontinence-associated dermatitis
(IAD) to skin stripping resulting from removal
of adhesive dressings. Conditions that affect skin
integrity such as eczema or wound breakdown
will have a detrimental effect on barrier function.

Wound Healing and Skin Integrity: Principles and Practice, First Edition. Edited by Madeleine Flanagan.
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Maintaining Skin Integrity 19

For example, an inflammatory response in the
dermis caused by cellulitis will release chemical
mediators such as bradykinin, histamine and sero-
tonin, to increase capillary permeability, oedema
and transepidermal water loss (TEWL) causing
localised disruption of skin barrier function.

Skin integrity and barrier function

The past decade has provided a better understand-
ing about the skin in general and barrier function in
particular (Proksch et al., 2008; Farage et al., 2010).
The skin comprises three layers: the thinner epider-
mis on the outside, the dermis and the supporting
subcutaneous tissue. Together they provide the fol-
lowing functions:

� Protection: trauma, dehydration, temperature,
toxins, ultra-violet (UV) light, micro-organisms;

� Maintenance of body temperature: circulatory
mechanisms, sweating, insulation;

� Sensation: pain, pressure, vibration, tempera-
ture;

� Metabolism: melanin, vitamin D;
� Communication: facial expression, physical

appearance, touch.

The epidermis as a physical barrier

The epidermal barrier is a highly specialist,
dynamic structure that adapts to environmental
conditions (Figure 2.1). As well as providing a phys-
ical and chemical barrier to block entry of foreign
substances (Figure 2.1), the skin barrier triggers
an immunological response against any pathogens
that manage to penetrate the barrier. Any breach
in the skin barrier must be quickly repaired to pre-
vent infection and maintain normal function and
homeostasis.

The barrier function of the skin is situated mostly
in the outermost SC which is in direct contact with
the external environment. The structure of the epi-
dermis is shown in Figure 2.2. The primary func-
tion of the SC is to trap moisture at the surface of
the skin to prevent it drying out and protect against
the entry of foreign irritants, allergens and microbes
(bacteria, fungi and viruses) (Madison, 2003). The
epidermis is composed of keratinocytes that are
differentiated into layers of specifically structured

Microbial assaults
(bacteria, fungus, virus)

Barrier to
water loss

Epidermis

Prevention of excessive water loss
and dessication; disrupted barrier

leads to increased
transepidermal water loss

Stratum
corneum

Chemical assaults
(irritants, allergens)

Physical assaults
(mechanical injury, UV-irradiation)

Figure 2.1 The skin barrier (Proksch et al., 2008).

cells that allow it to provide a selectively permeable
barrier.

The innermost region of this barrier is the stratum
basale, which constantly undergoes cell division.
The stratum spinosum is responsible for lipid and
protein synthesis which is an integral part of main-
taining barrier function. In the stratum granulo-
sum, keratinocytes flatten out to form layers of cor-
neocytes and a protein envelope develops around
them lubricated by intra-epidermal lipids consist-
ing mainly of a mix of ceramides (50%), cholesterol
(25%) and free fatty acids (15%) (Fluhr and Dar-
lenski, 2009). These lipids are produced from the
disintegration of the keratinocytes to form a protec-
tive layer around the corneocytes and are crucial to
the function of the epidermal permeability barrier.
The structure of the healthy epidermal barrier can
be seen in Figure 2.3a.

The SC has a brick-and-mortar-like struc-
ture where bricks represent flattened, dead ker-
atinocytes that have matured into corneocytes and
mortar represents the surrounding inter-cellular
lipid membranes (Nemes and Steinert, 1999; Cork
and Danby, 2009).
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Figure 2.2 The structure of the epidermis. From Tortora and Derrickson (2009). Reproduced with permission from Wiley.

The corneocytes (bricks) are tightly connected
by desmosomes in overlapping layers to retain
moisture while keeping allergens, pathogens and
environmental toxins (such as UV radiation) out.
Desmosomes are specialised cell structures that
provide cell stability to increase skin resilience
(Proksch et al., 2008). They stretch between the cells
and anchor them in place, avoiding shearing forces
that can easily damage cells (Madison, 2003). The
strength and function of desmosomes in the SC are
important to maintain the mechanical barrier of the
skin by holding the corneocytes tightly together. At
the same time, desmosomes have to release corneo-
cytes to shed cells from the skin during the pro-
cess of desquamation. It takes approximately 24
hours to form one layer of corneocytes in the SC,
and in some areas of the epidermis there are up
to 15 layers (Egelrud, 2000). The SC is completely
renewed about every 15 days. In the SC, a delicate
balance between proteases and protease inhibitors
is responsible for the release and movement of cells
within the extracellular matrix and the regulation of
desquamation. Protease inhibitors have an impor-
tant function to control desquamation to maintain
optimal skin barrier function together with intra-
epidermal lipids and corneocytes (Proksch et al.,
2008).

The extracellular lipids that fill the spaces
between the corneocytes (bricks) represent the
‘mortar’ in the brick and mortar analogy, and form
a hydrophobic matrix that waterproofs the epider-
mis and prevents dehydration. This extracellular
matrix provides necessary moisture permeability
to the SC.

In healthy skin, the SC is impenetrable to irritants
and allergens, and water loss is minimised. How-
ever, when the skin dehydrates, the corneocytes
shrink, causing cracks to appear between them
allowing penetration of external irritants which
trigger a local inflammatory response causing dis-
comfort, itching and scratching and further skin
damage as seen in Figure 2.3b.

Keratin present in the cells of stratum granulo-
sum (Figure 2.3) forms a matrix protein called filag-
grin which is an important epidermal protein that
regulates several functions critical to maintain bar-
rier function of the SC such as photoprotection,
creation of an anti-bactericidal environment and
inhibition of TEWL (Kezic et al., 2008; Brown and
McLean, 2012). Filaggrin is destroyed during the
maturation of keratinocytes into corneocytes which
results in the release of natural moisturising factor
(NMF) from the SC and is essential for hydration of
the epidermal layer.
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Figure 2.3 (a) Structure of the healthy epidermal barrier. (b) Structure of a damaged epidermal barrier.
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NMF is composed of water-soluble compounds
that bind water in the epidermis to keep the outer-
most layers of the SC hydrated and to stop it drying
out (Kezic et al., 2008). The lipid layer surrounding
the corneocyte helps to prevent loss of NMF but
because NMF components are water soluble, they
are easily leached from the cells especially when
in prolonged contact with moisture which is why
repeated contact with water actually makes the skin
drier (Robinson et al., 2010). For the same reason,
the natural waterproofing function of NMF would
be quickly washed off the skin if not protected by
intra-epidermal lipids which is why skin cleansing
with soap and detergents can be detrimental to bar-
rier function and should be avoided (Thune et al.,
1988 ). If evaporation at the skin’s surface is too high
or secretion of NMF in the SC is too low, the skin
will become dry, flaky and uncomfortable. Dry skin
conditions, such as ichtyosis and atopic dermatitis,
are partly caused by disruption of intra-epidermal
lipids.

The epidermis as a chemical barrier

Maintenance of an effective microbial skin barrier
depends on the preservation of resident skin flora
and requires the skin pH to be maintained at a phys-
iological level. The surface of the skin is acidic and
ranges between a pH of 4.5 and 5 but varies at differ-
ent sites on the body (Fluhr et al., 2002). The normal
skin flora produce free fatty acids from phospho-
lipids to maintain an acidic skin pH which helps
to keep the number of transient bacteria and Can-
dida low. A variety of factors including pH, humid-
ity, natural skin cleansing, healthy turnover of cells
from the SC contribute to the development of a sta-
ble micro-climate of the skin, and helps to maintain
barrier function and skin integrity.

Skin pH influences the process of desquamation
and the resident bacterial flora of the skin. A perma-
nently raised skin pH will lead to reduced desqua-
mation, with dry and scaly skin and increased lev-
els of bacteria and fungi (Charbonneau et al., 2010).
A raised skin pH disturbs the regulation of pro-
tease and protease inhibitors that control the rate of
desquamation so that the turnover of corneocytes
decreases and the skin becomes dry and scaly.

Skin pH is affected by a great number of intrin-
sic factors such as skin moisture, sweat, sebum,
anatomic site, genetic predisposition and age (Fluhr
et al., 2002). In addition, extrinsic factors like fre-

quent washing with detergents, skin cleansers and
use of occlusive dressings can cause a rise in skin
pH (Thune et al., 1988).

The healthy functioning of the SC is dependent
on the correct balance of bacteria on the skin sur-
face. These micro-organisms are divided into res-
ident and transient bacteria, transient bacteria do
not normally colonise the skin, but are temporarily
present as a consequence of surface contamination.
Numbers of transient bacteria which are usually
found on the surface of the skin are kept to a min-
imum because of desquamation, whereas resident
skin flora can be found in more protected areas such
as hair follicles and are more difficult to remove
with soaps and skin cleaners (see Chapter 7).

Resident skin flora are important to sustain a
healthy micro-climate at the skin’s surface to main-
tain barrier function. The most common species
are Staphylococcus, Micrococcus, Corynebacterium,
Rhodococcus, Propionibacterium, Brevibacterium, Der-
matobacter and Actinobacter (Charbonneau et al.,
2010). But under certain conditions that damage
skin barrier function such as increased humidity,
protease secretion and use of antibiotics, Staphy-
lococcus aureus, Streptococcus pyogenes, Candida spp.
and Actinobacter may become resident skin flora and
cause skin infections. Resident skin flora will try to
control transient skin flora by occupying the sites
on the skin where transient flora might establish,
scavenging the skin’s surface to remove nutrients
that transient flora need to survive or by produc-
ing metabolites that have an anti-microbial effect
on transient skin flora. Maintenance of healthy res-
ident skin flora is mainly concerned with regulat-
ing numbers of transient and potentially harmful
bacteria to such low levels so that they do not
damage the skin and penetrate the anti-microbial
barrier.

The epidermis as an immunological barrier

The innate immunity of the skin consists of the
physical barrier, anti-microbial peptides (AMPs),
cytokines and cells containing pattern-recognition
receptors or PRRs. To recognise invading micro-
organisms, cells such as macrophages, lympho-
cytes and endothelial cells posses a variety of corre-
sponding receptors called PRRs capable of binding
specifically to pathogens (Benedetto et al., 2009).
Some PRRs are located on the surface of phagocytes
and promote the attachment of micro-organisms to
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phagocytes leading to their destruction others are
found within phagocytes where they have the abil-
ity to destroy micro-organisms from within.

AMPs are produced by keratinocytes at the
epithelial surface during the inflammatory pro-
cess and directly kill a wide range of bacteria,
fungi, parasites and some virus (Benedetto et al.,
2009). AMPs have a central role in resolution of
inflammation and infection and can be compared
to naturally occurring antibiotics. They induce a
variety of responses in host innate immune cells
such as monocytes, macrophages, neutrophils and
epithelial cells to influence cellular processes such
as cytokine release, chemotaxis, angiogenesis and
wound healing (Lai and Gallo, 2009). They do this
by encouraging leucocyte recruitment to the site
of infection and, by influencing cell differentiation
and activation. AMP activity results in initiation
of adaptive immune responses which protects
the body against infection, controls inflammation
and promotes wound healing and repair of dam-
aged epithelia (Yang et al., 2004; Lai and Gallo,
2009).

Impaired skin barrier function in the
clinical setting

There are many interrelated factors that contribute
to failure of skin barrier function and skin break-
down. Effective skin care is an essential element
of maintenance of skin integrity and promotion of
skin health, but is often taken for granted and given
little importance. Many common clinical conditions
cause impairment of the barrier function of the skin
(Table 2.1). An understanding of these is crucial to
preserve and restore skin barrier function in every-
day clinical practice.

Effect of age on skin barrier function

The epidermal barrier is influenced by extremes of
age: neonates born before 34 weeks gestation and
the elderly. There is a strong correlation between
gestation age and TEWL, which provides a good
indication of the effectiveness of barrier function
in neonates. Although babies born at 40 weeks
gestation have an average TEWL between 5 and
10 g/m2/h, children born in the 26th week of gesta-
tion have an increased average TEWL of between 70

and 80 g/m2/h (Hoath and Maibach, 2003). There
are several reasons for the limited barrier function
of neonate skin including: the dermal–epidermal
junction and corneocytes are not fully developed,
and the skin pH is elevated (Behne et al., 2003;
Shawayder and Akland, 2005). The overall result is
that neonates have fragile, thinner, more immature
skin than full-term babies that is prone to trauma
from adhesive dressings and tapes, localised pres-
sure from IV lines and tubing, and the risk of
extravasation injury.

The terms intrinsic and extrinsic aging are used
to describe skin aging. Intrinsic aging refers to the
natural degenerative process involving faulty syn-
thesis of collagen and elastin in the dermis and
is influenced by physiological factors and occurs
in both sun-exposed and non-sun-exposed skin
(Fisher et al., 2002). Intrinsic factors such as inher-
ited genes are largely responsible for the rate at
which individuals’ age. Extrinsic skin aging refers
to the cumulative process caused by a variety of
environmental factors which include UV radiation,
air pollution, nutrition and smoking (Tzellos et al.,
2009). The most significant extrinsic skin damage
results over time from sun exposure; because of
this, extrinsic aging is often referred to as photoag-
ing (Gilchrest, 1989).

Skin changes as a result of ageing were, for
many years, only considered to be cosmetic. Intrin-
sic aging is characterised by dryness, fine wrinkles,
skin atrophy and loss of elasticity (Baumann, 2007;
Raschke and Elsner 2010). The effects of extrinsic
aging include roughness of the skin, coarse wrin-
kles and uneven pigmentation (Lavker, 1979; Alam
and Havey 2010). Skin ageing is now known to
be associated with functional changes. The epider-
mal layer in elderly skin reduces by up to 50%
compared with young people, due to flattening
and reduced numbers of epidermal cells, and the
lipid content is reduced as much as 65% leading
to skin drying and reduced water-binding capacity
(Farage et al., 2010). Advancing age also decreases
epidermal turnover which leads to a reduced abil-
ity to repair damage to the epidermis. Numbers of
melanocytes and Langerhans cells are also reduced
in elderly skin, which lessens the efficacy of the
UV barrier and inflammatory response, so older
skin is more likely to develop a variety of benign,
precancerous and malignant lesions such as sebor-
rheic and actinic keratoses, basal cell carcinoma and
squamous cell carcinoma (Cross et al., 1987).
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Table 2.1 Clinical conditions affecting skin barrier function

Clinical condition Factors reducing skin barrier function Intervention

Neonatal skin problems Immature skin, risk of skin stripping (due to
adhesive tape, dressings, electrodes),
absorption of irritants, risk of secondary
infection; high environmental temperature

Careful skin assessment, clean skin gently with
pH-balanced cleansers; dry skin thoroughly;
apply emollient therapy; use skin protectants;
minimise risk of additional trauma; control
environmental temperature

Dry skin (eczema) Humidity, dehydration, loss of skin lipids,
frequent washing with soap/detergents,
contact with irritants, inflammation,
secondary infection

Avoid use of very hot water or soap; clean skin
gently with pH-balanced cleansers; dry skin
thoroughly; avoid skin sensitisers; apply
emollient therapy; use moderate—potent
topical steroid to control flares; control
environmental temperature

Incontinence-associated
dermatitis

Prolonged contact with urine, faeces,
sweat, proteases (chronic wound fluid),
elevated pH, humidity, occlusion, poor skin
hygiene, loss of skin lipids, skin occlusion,
inflammation, secondary infection

Investigate cause, minimise skin contact with
irritants; prevent moisture accumulation; avoid
excessive washing/frequent use of
soaps/detergents; cleanse skin gently with
pH-balanced cleansers; dry skin thoroughly;
apply skin protectants

Maceration, intertrigo Humidity, excess moisture, elevated skin
pH, occlusion, skin stripping,
inflammation, fungal colonisation/infection

Prevent moisture accumulation; dry skin
thoroughly; use skin protectants; treat with
anti-fungal agents if indicated; control
environmental temperature

Periwound skin problems Excess moisture, proteases, elevated pH,
humidity, occlusion, skin stripping,
inflammation, wound infection, fungal
colonisation, local tissue hypoxia,
ischaemia–reperfusion injury

Prevent moisture accumulation; change
absorbent dressings before leakage; consider
wound drainage; dry periwound skin
thoroughly; apply skin protectants

Wound infection/cellulitis Elevated bioburden, necrotic tissue,
inflammatory response, excess would
fluid/proteases, elevated pH, humidity,
occlusion, local tissue hypoxia,
ischaemia–reperfusion injury

Identify pathogen, treat infection
(anti-microbial dressings/antibiotics if
indicated), control moisture levels
(moisture-retentive dressings); consider use of
skin protectants

Pressure damage Pressure, friction, shear, local tissue
hypoxia, ischaemia–reperfusion injury,
excess moisture, elevated pH, humidity,
occlusion, skin stripping, inflammation,
wound infection, fungal
colonisation/infection

Systematic risk assessment; prevent moisture
accumulation; clean skin gently with
pH-balanced cleansers; dry use of appropriate
support surfaces, correct positioning.;
appropriate management of skin moisture;
improve activity levels where possible

The aging process of skin can partly be attributed
to intrinsic aging and photoaging which are sep-
arate processes. The free radical theory (Harman,
1986) has been proposed to explain skin aging as
skin is constantly exposed over time to reactive oxy-
gen species (ROS) from the environment, such as
air, solar radiation, or from the normal metabolism.
Accumulated ROS have been suggested to play
important roles in the intrinsic aging and pho-
toaging of human skin in vivo (Kawaguchi et al.,
1996). ROS are thought to be responsible for various

cutaneous inflammatory disorders and skin cancers
(Cross et al., 1987).

Kaya and Saurat (2007) identified the general
term ‘dermatoporosis’ to describe this chronic skin
insufficiency/fragility syndrome and suggested
that dermatoporosis could be prevented in much
the same way as osteoporosis can. The clinical man-
ifestations of dermatoporosis are frequently seen in
clinical practice (Figure 2.4) and include actinic pur-
pura and skin atrophy resulting in increased skin
fragility and injury from minor trauma such as skin
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Figure 2.4 Photo of fragile skin in an elderly person showing
signs of dermatoporosis. Photo courtesy of Carolyn Wyndam
White.

tears, delayed wound healing and in some cases
development of subcutaneous bleeding leading to
necrosis (Kaya and Saurat, 2007).

Although the epidermis changes quite signifi-
cantly as a consequence of aging, the barrier func-
tion of non-exposed skin is preserved quite well,
providing evidence that exposure to the environ-
ment especially UVB has a major impact on skin
ageing. The ability to recover from injury and
restore epidermal barrier function once damaged
is greatly reduced in the elderly and takes more
time (Ranzer and DiPietro, 2010).

As the skin ages, the microbiological composi-
tion of the skin flora changes as some of the tran-
sient bacteria become permanent. This is due to sev-
eral reasons including increased skin pH, reduced
skin turnover rate, dryer skin and reduced immune
function, which influence the ability to keep the
transient skin flora at a non-pathogenic level. Pro-
teus mirabilis and Pseudomonas aeruginosa have been
found to be 25% more common in people over
65 years of age and commonly cause infection in
chronic wounds (Charbonneau et al., 2010).

Effect of humidity and moisture on skin
barrier function

Skin breakdown related to humidity can occur
because of the effect of sweating, incontinence or
wound exudate. Periwound skin problems such as
maceration and moisture-related skin damage are
frequently associated with chronic wounds such as
venous leg ulcers, fistula and malignant wounds.

Prolonged exposure of the skin to high levels
of moisture causes rehydration of the outer, ker-
atinised layer of epidermal cells which swell and
weaken the links between the layers of tissue. Irri-
tant fluids strip away the outer layer of the epi-
dermis to expose the fragile stratum basale layer
increasing the risk of secondary infection and fur-
ther damage. Once the basal layer is exposed to
the air, the cells leak serous fluid which dries out
quickly to form an eschar leading to progressive
tissue damage in deeper layers. These effects sig-
nificantly alter the ability of the skin to withstand
damage from friction in particular, but also sheer
and pressure (Mayoritz and Sims, 2001).

Incontinence-associated dermatitis (IAD)

Extensive skin damage can occur when the skin
comes into prolonged contact with enzyme-rich
fluids, such as urine and faeces, small bowel efflu-
ent and chronic wound fluid which strip epidermal
tissue rapidly as proteolytic enzymes break down
the cell matrix (Ersser et al., 2005; Cooper, 2011).
IAD is now the preferred general term to describe
this damage as ‘erythema and oedema of the
surface of the skin, sometimes accompanied by
bullae with serous exudate, erosion or secondary
cutaneous infection’ (Black et al., 2011; Voegeli,
2012). A consensus group in 2005 felt the term
IAD more accurately described this type of skin
damage than the variety of terms in common use
including, diaper dermatitis, perineal dermatitis
and moisture lesions (Black et al., 2011; Voegeli,
2012). Recognition is growing that IAD is a distinct
form of skin damage that requires further research
to understand its aetiology, prevention and
treatment.

Fresh soiling from urine and faeces that is cleaned
promptly tends not to cause serious skin prob-
lems as healthy skin can be exposed to ammonia, a
breakdown product of urine, without harming the
skin. However, urine, faeces, soap and detergents
dissolve the corneocyte linkages in the epidermis
increasing the rate of desquamation and epidermal
breakdown (Lawton and Langøen, 2009). So if skin
cleaning is delayed after soiling, the metabolism
of urea by skin flora produces by-products with a
high pH which increases the damaging effect of pro-
teases on the skin, leading to an acute inflammatory
response in the upper dermis and erythema and
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Figure 2.5 Incontinence-associated dermatitis in an infant.
Photo courtesy of Madeleine Flanagan.

further damage (Houwing et al., 2007; Zulkowski,
2012).

Once the skin barrier function is breached, dam-
aged skin is very sensitive to ammonia, soap
and biliary salts; inflammation intensifies and the
surface of the skin erodes further as seen in
Figure 2.5. These findings support clinical observa-
tion that IAD is a result of top-down skin damage
rather than the bottom-up damage due to vascular
occlusion in pressure ulcers (Black et al., 2011). Skin
excoriation caused by lipase and protease is par-
ticularly pronounced in individuals with diarrhoea
which can cause sudden and extensive skin break-
down. Within minutes the epidermis can become
erythematous and inflamed causing damage to the
surface of the epidermis (Buckingham and Berg,
1986; Berg, 1988).

The development of IAD is a complex mecha-
nism that is not fully understood but involves an
interaction between urine and faeces on the skin,
humidity, mechanical irritants and frequent use of
soap and water (Figure 2.6).

Environmental humidity in combination with
use of detergents or leaving the skin damp will
gradually break down the epidermal mechanical
protective barrier. Skin that has been exposed to
humid conditions such as between skin folds under
the breast, groin, in between the webs of the toes or
under occlusive wound dressings will start to break
down and gradually turns white. Macerated skin
has a higher pH than normal skin, and increases
the risk of bacterial and fungal infections.

Some of the same mechanisms that cause incon-
tinence dermatitis, also damage the skin surround-
ing chronic wounds (Lawton and Langøen, 2009).

If wound dressings or drainage is unable to contain
wound exudate, leakage occurs and the skin around
the wound becomes soaked in chronic wound fluid
which is rich in irritant proteases. Chronic wound
fluid in particular due to its high protease con-
tent causes maceration and breaks down the SC
disrupting barrier function (Trengove et al., 1999).
Chronic wounds often contain biofilms, when poly-
morph nuclear granulocytes try to attack the bac-
teria present in the biofilm, they are destroyed
and release large quantities of destructive matrix
metalloproteinase which dissolve the extracellular
matrix within the wound, as well as the protein
envelope of the corneocytes, damaging epidermal
barrier function. This process causes a prolonged
inflammatory response in the damaged skin releas-
ing pro-inflammatory cytokines into wound fluid
causing additional damage to the SC (Wolcott et al.,
2008).

The repeated application and removal of adhe-
sive tapes or dressings to the same site causes strip-
ping of the SC which initiates an inflammatory skin
reaction, oedema and soreness (Fluhr et al., 2002;
Lawton and Langøen, 2009; Alikhan and Maibach
2010). Skin stripping is influenced by many vari-
ables including patient age, skin pathology, proper-
ties of the adhesive used and frequency of tape or
dressing removal (Fluhr et al., 2002).

In non-healing wounds, the underlying aetiol-
ogy may contribute to reduction in barrier func-
tion. Venous hypertension leads oedema and lipo-
dermatosclerosis, which, in turn, causes varicose
eczema. Patients with venous ulcers have an
increased tendency to skin sensitivities and aller-
gic reactions (Barbaud et al., 2009), and it can be
difficult to differentiate between an irritant wound
fluid reaction, varicose eczema or an allergic reac-
tion to topical treatments.

Patients with pressure ulcers are also prone to irri-
tant dermatitis resulting from the combined effects
of incontinence, wound secretions, sweat and high
humidity which affect the micro-climate of the
skin and increase the vulnerability of the soft tis-
sues to pressure, friction and shear (Ersser, 2010;
Langøen, 2010). Local pressure will occlude the
micro-circulation in the dermis, when this pressure
is relived the area is re-perfused causing further
inflammation to the tissues (see Chapter 8).

This section has reviewed various conditions that
affect the normal physical, chemical and immuno-
logical barrier function of the skin. Failed barrier



Maintaining Skin Integrity 27

Incontinence

Use of diapers

Mechanical irritation

Urine on the skin

Occlusion

Bacteria

Faeces on the skin

Skin irritation

Humidity

Protease

Lipase

Fatty Acids

Biliary salts

Skin
permeability

Absorption of irritants

Incontinence-Associated Dermatitis

Frequent use of
soap and water

Maceration

Ammonia

pH

Fungus infection

Figure 2.6 Causation of incontinence-associated dermatitis. Adapted from Langøen (1993) with kind permission of the Norwegian
Medical Association.

function, whatever the cause, disrupts ker-
atinocytes at the surface of the epidermis allowing
irritants to enter and stimulates an inflammatory
response in the dermis. Skin barrier dysfunction
predisposes to colonisation by micro-organisms
and may lead to secondary infection. These cumu-
lative effects cause pruritus and discomfort and ini-
tiate the itch–scratch cycle causing further excori-
ation allowing additional entry of pathogens and
irritants setting up a vicious cycle (Figure 2.7).

Management of vulnerable skin

The mainstay of skin health is the maintenance
and restoration of barrier function, avoidance of
irritants and treatment of inflammation. The most
effective way of achieving this is the application of
bland (colour and fragrance-free) emollients. The

purpose of emollients is to provide occlusion in the
form of a greasy film on the surface of the skin to
minimise water evaporation and to retain moisture
with humectants such as urea and glycerin.

Irritant

Barrier
damage

Scratch +
excoriation

Irritation +
itch

Inflammation

Figure 2.7 The skin barrier disruption cycle.
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Moisturisers are commonly used by people with
dry skin conditions as well as those with healthy
skin. They may be used alone or as an adjuvant
to other topical treatments, e.g. topical steroids to
reduce eczema flare-ups. There is however, a lack
of good-quality clinical data reviewing emollient
use in dry skin conditions. Williams and Grind-
lay (2008) emphasise this lack of evidence does not
mean that emollient therapy is not effective in clin-
ical practice and suggests that RCTs should be con-
ducted to evaluate frequency of use of emollients,
long-term tolerability and patient preference.

Dry skin

The terms emollients and moisturisers are often
used synonymously to describe topical substances
applied to the skin to maintain or repair barrier
function. Although both are lipids, emollients pri-
marily work by occluding the epidermis prevent-
ing water loss whilst moisturisers add humectant
to the skin surface to improve hydration (Voegeli,
2012).

Moisturisers come in many formulations: creams,
ointments, gels, sprays, foams and lotions. Choice
of emollient is based on a number of factors includ-
ing personal preference, but also how dry the skin
is and what if any sensitivities a person may have.
Many people are sensitive to fragrances and preser-
vatives in skin products, lanolin is frequently asso-
ciated with skin sensitivities and should be avoided
(Draelos, 2010). Generally, the more ‘greasy’ prod-
ucts provide the best emollient effect as they are
most effective at trapping moisture in the epider-
mis. However, individuals may prefer a less oily
preparation for daytime use, or for use on exposed
areas such as the face.

Complete emollient therapy is the term given to
a regime which includes use of soap substitutes,
bath additives and moisturisers. There is consensus
agreement that soap should be avoided for skin care
as it strips the epithelium of natural lipids, alters the
protective acidic environment at the surface of the
skin and leaves irritant residues (Black et al., 2011;
Voegeli, 2012). Bath additives are thought to mois-
turise the skin by adding a thin layer of oil over the
skin. But there is limited evidence to support their
effectiveness although some patients find them use-
ful (Drug and Therapeutics Bulletin, 2007).

Principles of emollient use

Emollients are essential to effectively manage dry
skin conditions but are often not used appropri-
ately by either patients or health professionals. The
following principles for emollient use have been
established from best practice guidelines to opti-
mise their effectiveness (Ersser et al., 2009):

� Choice of emollient must be one the patient is
willing to use. A trial of a few products, pre-
scribed in small quantities, can help selection.
Many individuals find cheaper brands accept-
able and effective.

� Emollients should be applied whenever the skin
feels dry, to ensure maximum effect. Twice a day
is a minimum although three to four times a day
is usually more effective. They should be liber-
ally applied after bathing, showering or swim-
ming.

� A detailed explanation of how to use emollients
should be provided to encourage concordance
and improve effectiveness.

� Generally, less greasy products are more accept-
able for use during the day and greasier prod-
ucts for night time. However, choice must be
informed by individual preference.

� To be effective, it is important to prescribe the
right amount of emollient. For someone with
an overall dry skin condition, it is generally
accepted that 500 g will last 7–10 days. The pre-
scriber must use their clinical judgement, assess-
ing severity of skin damage, how big the indi-
vidual is and whether the individual is using the
product as both a leave on emollient and soap
substitute. As a guide 5 g for full coverage each
of the following areas: an arm, thigh, lower leg,
chest, abdomen, upper back is a reasonable esti-
mate. As an estimate, one pump from a pump
dispenser or a dessert spoonful is equivalent to
1 g (Britton, 2003).

� Emollients should be applied to the skin using
a stroking action in the direction of hair growth,
avoiding circular or rubbing motions to avoid
folliculitis. They should be dotted over the
skin and spread to leave a thin film on the
skin.

� Complete emollient therapy should be contin-
ued once the dry skin condition is controlled as
this may help to prevent future exacerbations.
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Irritant-associated dermatitis

It is essential that when presented with a patient
who is incontinent to take a full history and thor-
ough skin assessment to ensure that causation can
be identified and an effective treatment plan imple-
mented. Observation of the distribution of the der-
matitis will help clinicians differentiate from other
types of tissue damage such as pressure dam-
age and intertrigo (inflamed skin folds caused by
exposure to perspiration, friction and bacteria and
fungi).

Practice point

Topical anti-fungal or anti-inflammatory products should
not routinely be used in patients with AID. Anti-fungals
should only be used if a fungal rash is present. If IAD
does not improve using barrier products, a weak topical
steroid such as 1% hydrocortisone cream or ointment can
be applied twice a day to the affected area for 3–5 days. If
the skin does not improve then patients should be referred
for further evaluation.

The main approach to prevent skin breakdown is
by cleansing the skin, applying a moisturiser and
the use of skin protectants (Gray et al., 2012). Soap
and water should be avoided as soap is made up
of a mixture of alkalis and fatty acids. The alka-
lis in soap are thought to have the potential to
raise the pH of the skin damaging the acid man-
tle which is essential to skin integrity as it aids the
natural coexistence of skin flora which has a protec-
tive function by acting against pathogenic bacteria
(Rippke et al., 2002). The surfactants found in soaps
are irritants and are likely to increase skin dam-
age (Voegli, 2008). Skin cleansers are less damaging
than soap and water and help to maintain a pH
level that minimises skin barrier disruption. They
come in different formulations and combine gentle
detergents and surfactant ingredients to loosen and
remove dirt and irritants. Most are pH balanced
and are designed not to be rinsed off the skin as
they contain moisturising agents to restore or pre-
serve optimal barrier function so are considered to
be the treatment of choice (Gray et al., 2012).

The aim of skin protectants is to prevent skin
breakdown by isolating exposed skin from irri-
tants and excess moisture. Liquid barrier films and
moisture barrier creams or ointments are frequently

used. A study by Hoggarth et al. (2005) demon-
strated that petrolatum-based barriers gave protec-
tion against irritants and maceration and provided
some hydration but that zinc oxide–based prod-
ucts protected against irritants but provided poor
skin hydration. The introduction of synthetic bar-
rier products which leave a thin protective poly-
mer layer on the skin have proven useful in recent
years to protect skin from high levels of mois-
ture. Skin care systems are available that provide a
combination products including moisturising skin
cleansers, skin protectant creams and disposable
wash clothes which have been shown to maximise
carer efficiency and increase adherence with skin
care regimes (Warshaw et al., 2002; Hunter et al.,
2003).

The management of IAD may require support-
ive interventions including the use of absorptive
products and the use of urinary catheters or stool
diversion systems. A Cochrane review on the use
of absorbent products for urinary and faecal incon-
tinence concluded that no design was better or
worse for maintaining skin health. The reviewers
found that individual preference was important
and depended on the level of activity of the wearer
(Fader et al., 2008). The role of absorptive prod-
ucts and IAD is unclear but appears to be related to
occlusion combined with prolonged contact with
urine or stool. Although surprisingly, Fader et al.
(2003) found that there was no difference in sever-
ity of IAD between those who had pads changed
frequently or infrequently.

Practice point

What is the most effective way to manage a patient’s skin
hygiene? Hot water should be avoided as this increases
moisture loss from the skin, the use of warm water is
preferable. Soaking in a bath for long periods of time is
not recommended as the skin can become waterlogged
and barrier function is compromised. The use of soap
should be avoided and skin cleansers (also known as soap
substitutes) should be used. Skin should be gently patted
dried taking care to avoid mechanical injury and massage
should be avoided as it has the potential to damage the
micro-circulation. If skin is left damp, the SC may become
macerated and excoriated and will be at increased risk of
friction damage (Voegeli, 2012). There is minimal evi-
dence to support specific skin care protocols and most
are based on clinical experience and best practice rather
than evidence-based practice.
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Summary

This chapter has shown that maintenance of skin
barrier function is important to prevent loss of skin
integrity, which causes discomfort, affects quality
of life and may cause deterioration of the patient’s
general condition. There is now a growing body of
evidence to support the use of skin care regimes
that focus on cleansing, application of moisturisers
and the use of skin protectants. The use of mois-
turisers should be routinely incorporated into skin
care regimes for people with dry skin to promote
hydration and reduce the likelihood of skin damage
such as IAD and skin tears.

There is a need to raise awareness of the impor-
tance of skin health and for wound care practi-
tioners to work more closely with other colleagues
who have an interest in skin integrity such as der-
matology and continence specialists. Health care
facilities should urgently consider adopting a stan-
dard skin care protocol that incorporates the prin-
ciples discussed in this chapter. However, research
is urgently required to establish the effectiveness of
specific skin care interventions and to validate best
practice.

Useful resources

Guidelines

Emollient Best Practice Statement. Available at:
www.bdng.org.uk.

Ersser, S.J., Maguire, S., Nicol, N.H., Penzer, R., Peters, J.
(2009) Best practice in emollient therapy; a statement
for health care professionals. 2nd edn. In: Dermatolog-
ical Nursing (Supplement), 8(3), pp. 1–22.

Best Practice Statement. Care of the Older Person’s
Skin. London: Wounds UK, 2012 (Second edition).
Available at: www.wounds-uk.com/best-practice-
statements/care-of-the-older-persons-skin-best-
practice-statement-update

World Union of Wound Healing Societies (WUWHS)
(2007) Principles of Best Practice: Wound Exudate and
the Role of Dressings. London: MEP Ltd. Available
at: http://www.woundsinternational.com (accessed
23 November 2011).

Useful websites

www.dermnetnz.org/
www.bdng.org.uk

http://dermatology.cdlib.org/1802/index.html: free
dermatology online journal.
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Overview
� The skin is our most accessible organ and is constantly vulnerable to damage and wounds.
� Wounds involving the dermis heal by the complex process of tissue repair which is less efficient than regeneration of the

epidermis and results in scar formation.
� The traditional terms ‘chronic’ and ‘acute’ wound could be replaced with ‘non-healing’ and ‘healing’ as these more

accurately reflect the clinical situation.
� The aim of wound management is to facilitate the body’s capacity to heal, which relies on an understanding of the

physiology of tissue repair, as the goal is to replace injured tissue with regenerated tissue by providing the most favourable
conditions and an optimal environment.

� Non-healing wounds are characterised by high levels of exudate that is rich in inflammatory mediators and proteases
which impair cell proliferation and growth factor availability causing breakdown of the extracellular matrix (ECM) and skin
excoriation.

� Better understanding of the physiology of tissue repair and implementation of best practice currently means that approx-
imately 80% of chronic wounds respond to treatment and go on to heal. Advances in treatment modalities are likely to
improve this in the future.

Introduction

Skin is the most visible organ in the body and its
observation is often our first point of social con-
tact. Tissue damage is an inevitable consequence of
survival in a hostile environment and the human
body’s capacity to heal is impressive. In recent
years, our understanding of the sequence of events,
cells involved and molecular signalling required
to support this intricate process has increased
although the complex relationship between the cell

types and processes involved are only just begin-
ning to be fully appreciated. Wound healing is a
complex sequence of overlapping events which are
often described separately for ease of explanation
but in reality form a continuum often referred to
as the healing cascade (Diegelmann and Evans,
2004).

Injury refers to a loss of continuity in any body
tissue occurring as a result of trauma, infection
or pathological process. When the surface of the
skin is damaged a wound is created and the body
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immediately begins to reestablish tissue integrity
in an attempt to restore the barrier function of the
skin. Wound healing in any tissue follows a pre-
dictable sequence of events but wounds have only
two mechanisms by which they heal: tissue regen-
eration and tissue repair (Clark et al., 1998). The
epidermis is capable of regeneration of identical
cells without loss of function and, in superficial
injuries where the basal layer of the dermis remains
intact, the epithelial cells will replicate and nor-
mal anatomical structure and function is quickly
restored (Enoch and Leaper, 2005). Therefore, tis-
sue regeneration is the ideal form of healing giving
good cosmetic and functional results. However, in
humans, this is only possible in a limited number of
cell types such as epithelial and liver cells (Kumar
et al., 2010).

If the injury extends deeper into the dermis, dam-
age to its intricate structure including the hair and
sweat glands, cells, nerves, blood and lymphatic
vessels results in the complex biological process
known as tissue repair (Figure 3.1) (Gurtner et al.,
2008; Shaw and Martin, 2009). Tissue repair is the
mechanism by which all except the most superficial
wounds heal. The process of tissue repair replaces
damaged or absent tissue and restores skin integrity
but the structure and function of the original tis-
sue is lost as even a hair root is too complicated to
rebuild (Majno, 1975).

The physiology of wound healing is complex and
intricate and involves the related processes of tissue
repair and tissue regeneration which the evolution
has optimised and are usually very effective (Welt
et al., 2009). An understanding of wound-healing

Figure 3.1 Epidermal and deep wound healing. From Tortora and Derrickson (2009). Reproduced with permission from Wiley.



Physiology of Wound Healing 35

physiology is important because it helps to inform
effective clinical management of wounds. In partic-
ular, understanding how the body’s own immune
system responds to tissue injury helps experienced
clinicians to interpret the subtle signs and symp-
toms provided by the wound that may indicate that
the progression of healing is delayed.

Types of wound healing

Primary closure

Once skin integrity has been breached, primary
closure (sometimes referred to as primary inten-
tion) describes the process of wound closure within
hours of injury and is possible where the wound
edges remain in proximity to each other and there
is little or no tissue loss or damage. As long as
the wound edges can be mechanically brought
together without tension, closure can be achieved
using a variety of techniques including adhesive
strips, sutures, skin adhesives, staples or clips. Pro-
vided there are no factors known to delay healing
and complications are treated appropriately, these
wounds usually heal quickly. Wounds closed by
primary intention typically have the best aesthetic
appearance as both wound contraction and scar for-
mation are minimised.

Secondary closure

If primary closure is not possible, wounds should
be left open to heal spontaneously by the pro-
cesses of contraction and reepithelialisation which
is known as secondary closure; examples include
large traumatic wounds and surgical drainage of
abscesses. Secondary closure (alternative term: sec-
ondary intention) is associated with wounds where
the damage and loss of tissue is caused by an under-
lying, internal aetiology and pathology, such as
venous insufficiency (leg ulcers), unrelieved pres-
sure, shear, or friction (pressure ulceration) and in
many cases, healing will be significantly delayed.

Delayed primary closure

Delayed primary closure also known as tertiary
wound closure occurs when wound closure is
delayed for 3–6 days due to adverse local conditions

such as poor vascularity, uncontrolled bleeding or
risk of infection (Gottrup, 1999). Once conditions
improve, wounds are closed with sutures or other
techniques. Delayed primary closure is therefore a
compromise between immediate primary closure
and allowing local wound conditions to improve
prior to delayed closure.

Wound chronicity

One of the most helpful definitions of an acute
wound is given by Lazarus et al. (1997), who stated
that an acute wound is one that proceeds through
an orderly and timely reparative process to estab-
lish sustained anatomic and functional integrity.
This consensus group described a chronic wound
as one that has failed to proceed through an orderly
and timely reparative process to produce anatomic
and functional integrity or has proceeded through
the repair process without establishing a sustained
anatomic and functional result. In other words,
there are two types of wounds: those that can
repair themselves quickly with minimal compli-
cations (acute wounds), and those that either heal
slowly or heal and recur or never heal at all (chronic
wounds).

Enoch and Price (2004) developed this idea fur-
ther by describing a chronic wound (and its under-
lying aetiology) as one that does not respond to
treatment and/or the demands of treatment are
beyond the patient’s physical health, tolerance
or stamina. Advances in treatment and a better
understanding of wound physiology mean that
today many chronic wounds will eventually heal
although this may take months or even years. One
of the defining features of chronic wounds is that
they are characterised by alternating patterns of
healing and skin breakdown leading to delayed
wound healing and frequent recurrence as seen in
Figure 3.2.

The conventional approach of describing
wounds as either acute or chronic has in recent
years been challenged as being over simplistic.
Briggs (2010) recommends an alternative view-
point and suggests wounds could be considered
as either ‘low risk uncomplicated wounds which
are likely to heal’ (acute) or ‘high risk complicated
wounds which are challenging to heal but where
healing is possible’ (chronic). Others suggest that
the terms ‘non-healing and healing wounds’ are
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Figure 3.2 Diagrammatic summary of healing and non-healing wounds.

more accurate descriptors and recommend that the
traditional term ‘chronic’ should be replaced with
‘non-healing’ as this more accurately reflects the
clinical situation (Grey et al., 2006; Schultz, 2007;
Gottrup et al., 2010). Table 3.1 summarises the most
frequently used terms to describe acute and chronic
wounds.

Normal wound healing

Uncomplicated, acute wounds are the result of
a one-time injury or trauma. They heal in a

Table 3.1 Alternative descriptors for acute and
chronic wounds

Acute wounds Chronic wounds

Low risk
Uncomplicated wounds
Likely to heal

High risk
Complicated wounds
Challenging to heal but possible

Healing wounds Non-healing wounds
Normal wound healing Delayed wound healing

microenvironment where cellular communication
is clear, controlled and uninhibited, where the ratio
between the processes of cellular destruction and
synthesis is in balance and where there is an ‘ele-
gant coordination’ of the wound-healing process
(Majno, 1975). Much of our understanding of acute
wound healing is however based on animal stud-
ies and research findings which cannot always be
extrapolated to humans or to the clinical situation.

The dominant research finding over the past 50
years which is clinically well accepted is George
Winter’s theory of moist wound healing which
now forms the basis of modern wound manage-
ment and has influenced the commercial develop-
ment of many innovative types of wound dress-
ings (see Chapter 17). Winter’s (1962) original small
study used pigs to evaluate the effect of occlusion
on wound healing and demonstrated that wounds
kept moist by a polyurethane film had faster rates
of epithelialisation than those exposed to air and
allowed to dry out to form a scab. Accumulating
evidence from subsequent studies of acute wounds
in animal models, including work from Dyson et al.
(1988), Chen et al. (1992) and Kunugiza et al. (2010),
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has confirmed the benefits of moist wound heal-
ing which is now supported by clinical experience
spanning 40 years.

Moist wound healing:

� has reduced inflammatory response;
� has increased leucocyte activity;
� has reduced infection rates;
� has reduced fibrosis;
� has increased healing rates;
� has improved scar quality.

However, in these uncomplicated acute wound
models there is coordination and cooperation
between cells and the wound is typically clean
and free from significant bioburden, unlike the
chronic wound environment. The validity of apply-
ing these findings to human wounds where under-
lying disease and other factors impact on heal-
ing has been questioned (Lawrence, 1995; Nelson,
1995). Although the provision of a moist wound
environment through occlusive dressings appears
to enhance autolytic debridement and inhibit bac-
terial growth, Winter’s theory of moist wound
healing is perhaps most applicable to non-healing
chronic wounds in the final stages of healing at the
point where the successful migration of epithelial
cells becomes a priority (Schultz et al., 2003).

The role of wound exudate

Wound exudate is not an inert fluid, its composi-
tion is altered by wound aetiology and biochemical
changes in the wound environment, e.g. infection
and other pathological processes, and vary at dif-
ferent stages of healing. This means that the com-
position of exudate from healing and non-healing
wounds is different (Wysocki et al., 1993; Trengove
et al., 1999).

Exudate directly influences the processes of
wound healing and initially helps to control inflam-
mation in healing wounds by recruiting neutrophils
and macrophages to the injured site. The function of
matrix metalloproteases (MMPs) found in wound
fluid at this stage is to initiate a clean-up opera-
tion by debriding the wound and removing bacte-
ria and damaged collagen molecules. Wound exu-
date has an important function in normal wound
healing as it provides a moist wound healing
environment, aids cell migration, enables diffu-

sion of growth factors, provides nutrients, facil-
itates autolytic debridement of devitalised tissue
and keeps the wound hydrated.

Baker and Leaper (2000) examined the con-
stituents of wound fluid from 50 surgical wound
drains and concluded that while cellular activity in
uncomplicated, surgical wounds has always been
considered to be regulated and balanced, fluid from
different surgical wounds showed inconsistent lev-
els of proteases and cytokines on the first postoper-
ative day. Various studies have demonstrated that
as wounds heal, protease levels fall which is pre-
dictive of healing and the level of wound exudate
deceases and as a result the composition of exudate
will change (Wysocki et al., 1993; Trengove et al.,
1999).

The body’s response to healing commences
immediately after injury with haemostasis, which
triggers an inflammatory response leading to pro-
liferation of granulation tissue, reepithelialisation
of the defect and remodelling of the dermis which
is coordinated by growth factors and cytokines and
which is traditionally divided into distinct, over-
lapping phases resulting in the full restoration of
skin integrity (Harding et al., 2002; Moore, 2005;
Schultz et al., 2011). However, an exact timeframe
cannot be attributed to each phase of tissue repair
as, for example, a wound will remain in the inflam-
matory phase of healing until bacterial balance has
been restored and the wound bed is clear of debris.
The progression of healing through each phase of
the process is dependent on the preceding stage;
the intensity and duration of the inflammatory
response will affect proliferation which, in turn, will
affect remodelling of new tissue.

Practice point

What is the difference between the terms growth
factors and cytokines?

In clinical practice, these terms are often used inter-
changeably. Cytokines and growth factors are both pro-
teins which are synthesised by cells and released into
the ECM where they bind to their target cells, and they
are critical regulators of healing. However, technically,
growth factors are a subset of cytokines. Cytokines pri-
marily target inflammatory cells attracting those cells
to the injured area in order to promote an inflamma-
tory response. Growth factors stimulate proliferation and
migration of their target cells which include fibroblasts
and keratinocytes (Schultz et al., 2005b).
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The process of uncomplicated wound healing is
often described as being ‘dynamic’, because pro-
gression through the healing process is stimulated
by the wound itself (Trengove et al., 1999; Harding
et al., 2002; Enoch and Leaper, 2005). However, if
this process ceases to be dynamic and the control
is lost then healing is delayed, outcomes become
unpredictable and the wound is considered to have
become chronic.

Optimising healing: general factors

Menon and Kligman (2009) eloquently describe the
skin barrier as a ‘flexible mosaic of evolutionary
triumph’ and its restoration is affected by a num-
ber of inhibiting factors, such as wound infection

and a number of positive actions, such as wound
debridement.

Franz et al. (2008) reviewed factors delaying heal-
ing of surgical wounds as either local or systemic
and examined the strength of evidence supporting
each.

This review demonstrated that factors such as
inadequate wound perfusion, presence of non-
viable tissue, high bacterial bioburden, smoking,
malnutrition and systemic conditions such as dia-
betes mellitus cause significant delays in healing
of acute wounds. The factors with the strongest
evidence are seen in Table 3.2 (Franz et al., 2008).
Other authors (Leaper and Harding, 2000) discuss
the negative effect of drug therapies, the aging pro-
cess and mechanical factors such as pressure and
the inappropriate use of dressings. It is also widely

Table 3.2 Summary of evidence supporting physiological factors delaying healing

Guideline Factors Effect on wound healing Level of evidence

1 Local factors

1.1 Inadequate wound perfusion Increased risk of infection Level I

1.2 Presence of non-viable tissue Increased risk of infection Level I

1.3 Presence of wound haematomas or
seromas

Causes wound ischemia, increases dead
space, supplies nutrients for bacteria;
increases risk of infection

Level I

1.4 Wound infection Prolongs the inflammatory response Level I

1.5 Excess proteases Degrades extracellular matrix Level I

2 Systemic factors

2.1 Systemic immune deficiency/
suppression, e.g. immuno-suppressant
drugs, HIV, cancer

Inhibition of cellular proliferation and
function; nutritional deficiency

Level I

2.2 Systemic conditions, e.g. diabetes
mellitus

Hyperglycaemia, increased risk of
infection, wound ischaemia

Level II

2.3 Increased age Impaired immune response Level II

2.4 Obesity Increased risk of infection, wound
dehiscence, pressure ulceration

Level II

2.5 Malnutrition Protein loss, increased risk of pressure
ulceration

Level I

2.6 Cigarette smoking Higher incidence of complications Level I

2.7 Corticosteroids Detrimental effect on growth factors and
collagen deposition

Level II

Source: Data from Franz et al. (2008).
Note: Guideline criteria for levels of evidence are:

Level I: Meta-analysis of multiple RCTs or at least two RCTs supporting the intervention of the guideline or multiple laboratory
or animal experiments with at least two clinical studies supporting the laboratory results.

Level II: Less than Level I but at least one RCT and at least two significant clinical series or expert opinion papers with literature
analysis, RCT or multiple clinical series.
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recognised that stress and anxiety also have a detri-
mental effect on wound healing (Kiecolt-Glaser
et al., 1995; Solowiej et al., 2009).

Poor nutritional status can have direct effects
on wound healing. Adequate levels of protein are
needed for tissue repair, wound tensile strength
and resistance to infection (Stechmiller, 2010). When
calories are restricted, the body utilises stored fat
and protein for sustenance. Reduction in weight
due to nutritional deficiencies causes a change in
body structure with less subcutaneous fat deposits,
more bony prominences and susceptibility to pres-
sure damage. Additionally, these patients are prone
to delayed wound healing and wound infections.
Protein levels are particularly important in major
traumatic wounds such as burn injuries where
catabolic states place major demands on energy
sources. Deficiencies in vitamins, minerals and trace
elements also may influence wound healing. Colla-
gen synthesis and fibrillogenesis (the development
of fine fibrils normally present in collagen fibres of
connective tissue) is under direct influence of vita-
min C; vitamin B is directly involved in protein
synthesis, antibody formation, granulation tissue
formation and epithelialisation; vitamin A is impor-
tant in angiogenesis, chemotaxis and macrophage
mobility and is important in counteracting some
of the wound-healing retarding effects of radiation.
Iron is involved in haemoglobin synthesis and thus
oxygenation, and copper and zinc are important
for stimulating granulation tissue, encouraging col-
lagen formation and epithelialisation (Stechmiller,
2010).

Optimising healing: local factors

Wound hypoxia

The supply of oxygen to wound tissue is essential to
promote healing and to regulate resistance to infec-
tion (Gottrup, 2004). Hypoxia is defined as levels
of oxygen lower than approximately 30 mmHg and
is associated with poor healing, inhibiting fibrob-
last replication and impairing collagen production
(Burns et al., 2003). Oxygen plays a dual role in
angiogenesis. The initial growth of new vessels is
stimulated by hypoxia; however, the later stages
of angiogenesis are stimulated by hyperoxia and
wounds may not proceed to healing without higher
oxygen levels (Knighton et al., 1983; Chambers and

Leaper, 2011). Oxygen supplementation may be
beneficial; however, further research is needed to
fully determine its benefits (Chambers and Leaper,
2011).

Bioburden

The wound environment provides the ideal con-
ditions for bacterial growth. Hypoxia in chronic
wounds produces devitalised tissue, hematoma
and slough which provide an abundant food sup-
ply for bacteria. Chronicity in wounds is known to
begin when levels of bacteria in the tissues are per-
sistently high (Bjarnsholt et al., 2008). Endotoxins
secreted by the proliferating bacteria quickly lead to
an elevation in pro-inflammatory cytokines which
elevates circulating MMPs and results in decreased
production of growth factors (Bucknall, 1980; Dowd
et al., 2008). This prolonged inflammatory response
is detrimental to normal wound healing and must
be resolved if the wound is to heal, indeed studies
have shown that as wounds heal, bacterial num-
bers start to fall (Trengove et al., 1999). It is becom-
ing clear that the development of a biofilm, which
is prevalent in non-healing wounds supports this
persistent inflammatory state and is thought to be
one of the principal causes of chronicity (James
et al., 2008; Wolcott et al., 2010; Thomson, 2011) (see
Chapter 6).

Wound pH

The pH of the wound bed is also an important fac-
tor in promoting optimal healing. A pH value of 7
represents neutral with a pH above 7 representing
alkaline and a pH below 7 representing acidic envi-
ronment (Gethin, 2007). The environment of a non-
healing wound is alkaline with a pH value in the
range of 7.15–8.9 (Schreml et al., 2010; Tsukada et al.,
1992). As healing progresses, the pH range moves
from neutral to acidic (Tsukada et al., 1992). Since
the mechanism of action of proteases is pH depen-
dent, adjusting wound pH by topical therapies and
dressings may control protease activity and help to
reestablish a healing environment (Greener et al.,
2005; Schultz et al., 2005a).
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Wound temperature

All cellular activities in the body occur at an optimal
rate at normal core body temperature. Tissue repair
occurs when the body surface temperature is above
33ºC and below 42ºC (McGuinness et al., 2004).
Maintaining a normothermic wound temperature
helps increase tissue perfusion, increase oxygen
tension and improve wound tensile strength (Mac-
Fie et al., 2005). The avoidance of tissue ischaemia
by the use of intraoperative warming during major
surgery has been shown to reduce the risk of pres-
sure sores by half (Scott et al., 2006) and it is now
recognised that intraoperative hypothermia leads
to increased postoperative wound infections and
haematoma formation leading to prolonged recov-
ery times (Scott et al., 2006).

Tissue repair is optimised by effective manage-
ment of these barriers to healing and Wolcott et al.
(2009) suggest that a healthy wound, with mini-
mal biofilm infection, exudate and necrotic tissue,
is conducive to preparation of the local wound envi-
ronment which will progress to healing.

Delayed wound healing

The cause of a wound may not necessarily be the
reason for delayed healing, for example, a surgical
wound may become infected. Empirical research
provides a detailed understanding of the process
of normal wound healing but it may be unhelp-
ful to assume the same trajectory is relevant in
non-healing wounds (see Figure 3.2). The chronic
wound environment is characterised by protease
levels which are 30 times higher than that of an
uncomplicated healing wound (Trengove et al.,
1999) and a deficit in growth factors which is not
conducive to healing (Schultz et al., 2003; Schultz,
2007; Moor et al., 2009). In a laboratory study of 14
biopsies from chronic pressure ulcers Diegelmann
(2003) found the wound microenvironment to be an
area of massive tissue destruction due to an excess
of neutrophils which are aggressively contributing
to tissue degradation, a finding supported by sev-
eral other studies (Trengove et al., 1999; Yager and
Nwomeh, 1999).

Whatever the causes of delayed healing, the
dominant feature of non-healing wounds is that the
process of healing is disrupted, disorganised, hap-
hazard and unpredictable as the levels of inflam-

matory mediators and proteases rise and impair
cell proliferation and growth factor availability
causing breakdown of the ECM and skin excori-
ation. As a result, chronic wounds become stuck
in the inflammatory phase of healing, resulting in
a local microenvironment that is not conducive to
tissue repair producing increased levels of exudate
rich in inflammatory mediators and proteases,
particularly where there are concurrent medical
conditions such as chronic heart disease and failure
of the lymphatic system. Although secretion of
wound fluid is a vital part of healing, it is now
evident that exudate produced by non-healing
wounds can be an irritant and has a detrimental
effect on healing by causing further tissue break-
down and delaying cellular proliferation (Trengove
et al., 1999; Schultz et al., 2003; Moor et al., 2009).

In summary, non-healing chronic wounds are dis-
organised, deficient and delayed and are not able
to progress until the balance of the local wound
environment has been restored and is able to sup-
port cellular communication. The main differences
between healing and non-healing wounds are sum-
marised in Table 3.3.

Tissue repair in chronic wounds

The largest component of the dermis is the extra-
cellular matrix (ECM), a gel-like matrix consisting
primarily of collagen, a fibrous protein, which gives
skin its structure and strength, and elastin which
provides suppleness and compressibility (Schultz
et al., 2005b). Any injury which penetrates the der-
mis and the ECM results in blood loss and the
need for haemostasis. There is an immediate need
for cellular defences, particularly against microbi-
ological invasion, and these are deployed by the
body’s immune system (Davis, 2008). The imme-
diate response is to limit the flow of blood to
the injured area by vasoconstriction. Platelets are
immediately released from the damaged blood ves-
sels and leak into the surrounding tissue where
they come in contact with collagen at the edge
of the damaged blood vessels and, responding to
the sudden change in environment, become sticky
and adhere together with collagen activating the
clotting cascade (Silver, 1994; Moore, 2010). The
platelets adhere to the severed ends of damaged
blood vessels at the injury site forming a platelet
plug which acts as a provisional haemostat and
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Table 3.3 Differences between healing and non-healing wounds

Acute Chronic

Controlled inflammatory response Prolonged inflammatory response

Normal levels of inflammatory cytokines Increased levels of pro-inflammatory cytokines

Levels of neutrophils, elastase and MMPs within
normal limits

Elevated levels of neutrophils, elastase and activated MMPs

Controlled bioburden Elevated bioburden

Growth factors freely available Limited availability of growth factors

Wound fluid supports cell proliferation Wound fluid inhibits cell proliferation

Fibronectin intact Fibronectin degraded

Normal remodelling of extracellular matrix Defective remodelling of extracellular matrix

Wound fluid does not damage peri-wound skin Wound fluid causes peri-wound skin irritation and excoriation

Heal with minimal complications and no recurrence Defective healing, complications common and frequently recurrence

Source: Data from Trengove et al. (1999) and Shultz et al. (2011).

reservoir for growth factors (Hart, 2002). A net-
work mesh of fibrin fibres quickly forms a fibrin
clot around the plug which holds the damaged
tissue together, providing a cover and provisional
fibrin matrix which supports the necessary migra-
tion of cells (Schultz et al., 2005b; Moore, 2010). If
exposed to air, the surface of the clot may dry out
and become a scab, forcing the cells required for
healing to migrate underneath this physical bar-
rier. Unless there is an underlying clotting disor-
der, haemostasis will be complete within minutes
of injury and the delicate process of tissue repair
will begin. While haemostasis is the primary func-
tion of platelets, they also release cytokines and
growth factors which, in turn, recruit neutrophils
and macrophages (Li et al., 2007; Sussman and
Bates-Jensen, 2007), thereby playing a critical role
in advancing the process of healing.

The inflammatory response

Majno (1975) describes the wound at this point as
a ‘dreadful mess of spilled blood, dead cells, for-
eign material and bacteria’. While further blood
loss has been prevented by vasoconstriction and
clotting, the immediate need is to prevent infec-
tion, cleanse the injured area and provide optimum
conditions for progression to healing. This is essen-
tially achieved by two responses: a vascular and a
cellular response known collectively as the inflam-
matory response (Li et al., 2007). Inflammation is a
normal process resulting from any type of injury,

without which there would be no healing (Hart,
2002). During the inflammatory response the ini-
tial brief constriction of blood vessels is reversed
by vasodilation. Mast cells, which reside in the con-
nective tissue adjacent to the blood vessels, flood
the wound releasing histamine and prostaglandins
which cause the vessels to dilate and increasing
vascular permeability (Ng, 2010). Approximately
10–15 minutes after injury, the blood supply to the
area increases and the classic signs of inflamma-
tion may now be evident with the area surrounding
the wound appearing red, hot, swollen and feel-
ing uncomfortable (Monaco and Lawrence, 2003;
Richardson, 2004). The increased flow and pres-
sure changes in the blood vessels in the vicinity
of the wounded area allows fluid to pass through
the porous vessel walls increasing the extracellular
fluid in the surrounding tissue some of which leaks
to the surface of the wound as inflammatory exu-
date. Chemical messengers are released from the
platelets and mast cells, including platelet-derived
growth factor (PDGF), which attracts neutrophils to
the damaged tissue and signal them to proliferate
(Woods et al., 2010). White blood cells, which have
previously been rushing through the blood vessels,
now slow down and congregate on the endothe-
lial lining of the dilated vessels. The neutrophils
squeeze through the porous walls of the blood ves-
sels in a process called diapedesis and migrate into
the wound space which has already filled with
the fibrin clot (Davis, 2008). Their exit through the
barrier of the endothelium is helped by the release
of elastase and collagenase which facilitates their
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Figure 3.3 Non-healing surgical wound: devitalised tissue
and slough evident. Photo courtesy of Nuno Cunha.

movement through the endothelium and enables
them to clear the route ahead. Once in the wound
environment, neutrophils defend against infection
and are responsible for cleaning up the wound by
ingesting bacteria and devitalised tissue, in a pro-
cess known as phagoctyosis. During the inflamma-
tory stage of tissue repair, neutrophils simultane-
ously release free radicals and proteases into the
wounded area as they have a bactericidal effect and
promote autolytic debridement to remove damaged
cells (Gibson et al., 2009). As they complete their job,
neutrophils begin to degenerate and die in a process
referred to as apoptosis or programmed cell death
(Wolcott et al., 2008). Dead and dying neutophils
accumulate on the wound surface and eventually
are visible to the naked eye as slough, which is
moist, sticky, stringy, devitalised tissue and are typ-
ically a creamy yellow colour. Figure 3.3 shows a
non-healing surgical wound with devitalised tissue
and slough.

Macrophages, derived from blood monocytes,
now recognise that these cells are dying and enter
the wound to continue the job of phagocytosis
(Hart, 2002). Critically, macrophages remove dying
neutrophils to prevent them disintegrating into
the wound tissue and continuing to release pro-
teases and inflammatory cytokines which prolong
the inflammatory process (Wolcott et al., 2008). The
wound cannot progress into the proliferative phase
of healing until the neutrophils are eliminated by
macrophages (Dovi et al., 2004). Li et al. (2007) also
consider macrophages as factories for the produc-

tion of the growth factors which recruit fibroblasts
and stimulate their proliferation. During the reso-
lution of the inflammatory response, macrophages’
dominance over neutrophils increases and the
wound environment becomes more able to support
new tissue formation (angiogenesis) indicating that
the destructive, inflammatory phase of healing is
nearing completion (Hart, 2002; Diegelmann and
Evans, 2004). The original provisional fibrin matrix
is now ready to be replaced by granulation tissue.
However, if all is not well at cellular level the point
of transition between the inflammatory and prolif-
erative phase of healing may be delayed by a vari-
ety of factors, e.g. infection and high protease levels
and the wound may be at risk of becoming chronic
(Moore, 2003).

The proteases, primarily responsible for the
breakdown of the ECM, are the MMPs which play
a key destructive role in efficiently removing dam-
aged ECM and bacteria from the wound. However,
if not controlled, excessively high levels of proteases
have the potential to be in the wrong place at the
wrong time resulting in ‘off-target’ degradation of
growth factors inhibiting the cellular messages that
stimulate proliferation of cells required for new tis-
sue growth such as fibroblasts and keratinocytes
(Gibson et al., 2009). Over the past 20 years, there
has been increasing evidence that MMPs are greatly
elevated in chronic, non-healing wounds in com-
parison to healthy healing wounds (Yager et al.,
1996; Trengove et al., 1999; Pirila et al., 2007; Moor
et al., 2009).

A study comparing wound fluid from acute sur-
gical wounds and non-healing wounds of various
aetiologies reported that MMP levels in chronic
wound fluid were 30 times higher compared with
fluid from acute wounds (Trengove et al., 1999).
More recently, investigation into the microenviron-
ment of chronic venous leg ulcers has confirmed
the relationship between high levels of MMP9
and delayed healing (Moor et al., 2009). The level
and duration of MMP activity in the wound bed
are controlled by tissue inhibitors of metallopro-
teinases (TIMPs) (Percival and Cochrane, 2010).
These TIMPs can be overwhelmed by proteases and
are known to be present in lower levels in non-
healing wounds compared to uncomplicated heal-
ing wounds (Gibson et al., 2009). Cullen’s circle
illustrates the vicious circle of increased inflam-
matory response and excess protease secretion
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Figure 3.4 (a,b) Cullen’s circle. From Gibson et al. (2009). Available at: www.woundsinternational.com

that prolongs healing in Figure 3.4 (Gibson et al.,
2009).

Successful progression to healing requires the
disruption of this cycle and resolution of the inflam-
matory response. Since bacteria play a major role
in stimulating MMPs and neutrophils, resulting in
an overstimulation of the inflammatory response,
any concerns regarding increasing levels of bacteria
should be addressed (Percival and Cochrane, 2010).
Bacteria may remain free-floating or may attach
to the wound cells forming biofilm communities
(Percival, 2011) which are highly resistant to antibi-
otics and present challenges for the host immune
system (Cooper and Okhiria, 2006).

Proliferation of new tissue

During the proliferative stage of healing the wound
needs to develop a new blood supply, a pro-
cess known as angiogenesis, and create a new
matrix to support it. Fibroblasts, the ‘fibre makers’,
respond to growth factors released from platelets
and macrophages and migrate to the wound area
where they proliferate and produce collagen fibres
(Enoch and Leaper, 2005). Fibroblasts crawl over
and through the provisional fibrin matrix binding
themselves to matrix components. They elongate
and find another binding site while the attachment
to the original site is broken by MMPs propelling

http://www.woundsinternational.com
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the fibroblast forward so that it can proliferate and
lay down collagen to form new ECM (Moore, 2010).
Once the original provisional fibrin matrix has per-
formed its function, it is broken down and removed
by MMPs. Partially degraded collagen will not bind
correctly with newly formed collagen and would
result in a weak and disorganised new ECM, so this
must also be removed (Schultz et al., 2005b). How-
ever, once again the MMPs must be regulated by
their tissue inhibitors or the newly formed matrix
will be degraded as quickly as it is being built up.
The number of times a fibroblast can replicate is lim-
ited and they finally lose their ability to divide and
multiply becoming senescent and accumulating in
the wound (Campisi, 1998). It is now recognised
that removing the accumulation of senescent fibrob-
lasts in the wound bed helps to stimulate healing
(Falanga, 2004).

The newly formed blood supply in the wound
is stimulated by activation of the endothelial cells
lining the blood vessels in the wounded area. As
the endothelial cells divide, they sprout or bud
through the vessel basement membrane into the
matrix (Chan, 2009). The tips of these newly formed
capillary buds meet, and a cleft develops forming
a capillary tube or loop which matures into a new
blood vessel (Schultz et al., 2005b; Chan, 2009).

These capillary loops are now embedded in the
new matrix and together they comprise granula-
tion tissue which fills the wound from the base up
to gradually fill the wound defect. Granulation tis-
sue may initially appear as pale pink, changing to
bright red as it proliferates with new blood vessels

Figure 3.5 Surgical wound healing by secondary intention
showing healthy granulation tissue. Note granular appearance
of new capillary growth. Photo courtesy of Nuno Cunha.

as seen in Figure 3.5 (Sussman and Bates-Jensen,
2007).

The appearance of granulation tissue is a
good indicator of healing. Granulation tissue that
appears dark (blackish red) in colour is often a sign
that the wound is either poorly perfused or infected.
Figure 3.6 shows an arterial leg ulcer with ischemic
granulation tissue indicated by its dark red appear-
ance. Table 3.4 summarises the characteristics of
healthy and unhealthy granulation tissue.

Since newly formed capillaries and tissue are
fragile and have little resistance to mechanical
stresses, it is important that the wound is protected
against trauma which will cause bleeding and

Figure 3.6 Arterial leg ulcer showing unhealthy, fragile granulation tissue. Photo courtesy of Madeleine Flanagan.
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Table 3.4 Characteristics of healthy and unhealthy
granulation tissue

Healthy granulation tissue Unhealthy granulation tissue

Bright red or pink Dark red/bluish
discolouration or very pale

Moist Dehydrated

Shiny surface Dull surface

Rapid proliferation Slower growth

Does not bleed easily Bleeds easily (friable)

restimulate the inflammatory response as this will
delay healing and affect scar quality.

Practice point

What is over-granulation and does it delay wound
healing?

A complication which may occur at this time is the forma-
tion of over-granulation or hypergranulation tissue which
is granulation tissue which has grown above the level
of the surrounding epithelium causing a barrier to the
migrating keratinocytes. Over-granulation is caused by
prolonged stimulation of fibroblasts and angiogenesis and
appears as mounds of granulation tissue which may bleed
easily and leak haemoserous exudate (McGrath, 2011).
While the causal trigger is not yet defined, Widgerow
and Leak (2010) suggest that possible risk factors may be
highly exudating wounds, particularly where moist areas
may be subject to repetitive friction or pressure, wounds
where a foreign body is present, e.g. a wound drain or
orthopaedic pin, wounds which are critically colonised
or infected and wounds treated with occlusive dressings.
Over-granulation can slow down the rate of healing and
increases the risk of infection especially as the tissue is
vascular and prone to trauma and bleeds easily. Over-
granulation is best treated with simple measures such
as application of local pressure to flatten the area and
removal of occlusive dressings particularly hydrocolloids.
Persistent over-granulation may benefit from the short-
term application of self-adhesive polythene tape impreg-
nated with 4 μg/cm2 fludroxycortide (flurandrenolone)
which is a moderately potent corticosteroid.

Wound closure

The surface area and volume of a wound is
decreased by the combined processes of granula-
tion, contraction and epithelialisation. At the same
time as granulation tissue is being laid down in

the wound, keratinocytes (epidermal cells) begin to
migrate from the wound margin and intact hair fol-
licles and the wound area will begin to diminish.
As long as the local environment is conducive to
healing, keratinocytes will creep over the slippery,
moist surface of healthy granulation tissue to form
a protective layer of epithelium across the wound’s
surface to repair the epidermal defect.

There are two suggested theories which describe
the process of keratinocyte migration: the ‘slid-
ing’ model where basal keratinocytes at the edge
of the wound slide as a moving epithelial sheet
(Odland and Ross, 1968; Carter et al., 1990) and
the ‘rolling’ model where the advancing basal ker-
atinocytes stop and the suprabasal keratinocytes
leap-frog and tumble over them (Krawczyk, 1971).
Usui et al. (2005) propose a model where both basal
and suprabasal keratinocytes are activated and sug-
gest that changes to the suprabasal cells are dra-
matic and that they play the primary role in wound
closure. However, the theories are based on in vitro
remain speculative (Matsumoto and Sugimoto,
2007).

In partial-thickness wounds, keratinocytes also
migrate and proliferate from the linings of tran-
sected hair follicles, sebaceous glands or sweat
ducts which still exist in the damaged tissue. How-
ever, in full-thickness wounds, where these dermal
appendages are absent, the keratinocyte cells can
only proliferate at, and migrate from, the wound
margins and it takes longer to provide sufficient
cells to cover the wound surface (Moore, 2010).
Once the advancing keratinocyte cells make con-
tact with each other, the mechanism of contact
inhibition will inhibit further migration and pro-
liferation (Zegers et al., 2003). The wound is now
covered by a monolayer of cells which will build
upon each other maturing into tough keratinocytes
which will quickly reestablish the barrier function
of the skin. Clinically, these cells have a white/pink
translucent appearance and may appear as small
islands of epithelialisation which can be difficult to
identify if there is slough or exudate on the wound.
It is important to ensure that there is no damage to
this newly formed tissue and dressings which are
low adherent are an appropriate dressing choice.
Moreover, since a moist environment is required
for cellular migration, dressings should not allow
wound exudate to dry out allowing the formation of
a scab which forces the cells to migrate underneath
a physical barrier.
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(a) (b)

Figure 3.7 (a) Contraction of surgical wound (note how granulation tissue has filled in the wound depth). (b) Further contraction
of surgical wound (note that the wound defect is completely filled by the combined processes of contraction and granulation. This
wound will now epithelialise to close completely). Photos courtesy of Nuno Cunha.

Wound contraction

As the formation of new tissue continues, progress
to complete wound closure is helped by wound
contraction. Mechanical signals derived from the
ECM activate the contractile process that brings the
wound edges together and decrease the area requir-
ing coverage by the migrating epithelial cells. This
process is particularly relevant in full-thickness
wounds where contraction may account for up to a
40% decrease in wound size (Li et al., 2007). There
are two opposing theories to describe the mecha-
nisms of wound contraction but physiologists cau-
tion against applying findings of in vitro stud-
ies to complex human wounds (Tejero-Trujeque,
2001; Pellard, 2006; Porter, 2007). One theory sup-
ported by Ehrlich (1988) is that the fibroblasts
generate uncoordinated traction forces during the
remodelling of collagen fibres, thus contracting the
wound; the second, supported by Grinnell (1994)
and Tomasek et al. (2002) proposes the myofibrob-
last or cell contraction theory.

Myofibroblasts develop from fibroblasts and are
characterised by having components similar to
smooth muscle having the ability to extend and
retract (Majno, 1975). They connect cell-to-cell and
cell-to-matrix and using muscle-like behaviour
repeatedly contract and release as the collagen
fibres are being laid down thus reducing the area of
granulation tissue infill (Ryan et al., 1974; Tomasek

et al., 2002). As the myofibroblasts undergo apopto-
sis, the granulation tissue will gradually evolve into
scar tissue which will continue to be remodelled
over time in order for the final scar result to be func-
tionally and cosmetically acceptable (Desmouliere
et al., 1995). Stavrou et al. (2009) suggest that both
the fibroblast and the myofibroblast appear to play
a role in wound contraction; however, this is a pro-
cess which is not yet completely understood. Fig-
ure 3.7a shows the contraction of a surgical wound.
Note how granulation tissue has filled in the wound
bed providing the right conditions for epithelialisa-
tion and final wound closure. Figure 3.7b shows
the surgical wound after further contraction. The
wound defect is now completely filled by the com-
bined processes of wound contraction and granula-
tion. This wound will now epithelialise quickly to
close completely.

Scar maturation and collagen modulation

Inflammation is a necessary component of tissue
repair, however, excessive inflammation associated
with non-healing wounds result in exaggerated
scars of poor quality. Fibroblasts have a central role
in wound healing by coordinating the deposition
and organisation of the ECM in the wound bed
(Blissett et al., 2009). At this stage in the wound-
healing process, collagen is continually produced
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and simultaneously broken down to maintain a
balance between the need for tensile strength and
remodelling of new tissue. It is this balance which
determines the final quality and appearance of scar
tissue eventually produced (Roseborough et al.,
2004).

Mature collagen type I is the major component
of the ECM in most mammalian tissues (Burgeson
and Nimni, 1992). As well as providing mechan-
ical strength to the tissue, collagen fibres interact
with cells through cell-surface receptors and sol-
uble proteins to support cell proliferation, migra-
tion, attachment and differentiation. The formation
and assembly of collagen fibres (fibrillogenesis) is a
complex process regulated by a variety of collagen-
binding proteins (Olaso et al., 2011).

Scar tissue is functionally deficient when com-
pared to uninjured tissue and has no hair follicles,
sweat glands or sebaceous glands. As a result it
may be associated with lower levels of sensation,
chronic itching and hyper pigmentation (Ward,
2007). Collagen maturation goes through phases
with collagen type III being present in greater levels
in the early scarring phase. As the scar matures,
the ratio of type III to type I collagen returns to
normal levels so that the quicker the scar matures
the lesser the chance of hypertrophy (Widgerow,
2010). Scar tissue may not always produce an
ideal aesthetic result; however, it does effectively
restore skin barrier function although this may
take several months. While scarring is a normal
and visible consequence of injury and subsequent
tissue repair, it is also a reminder of the inability of
dermal tissue to regenerate (Ferguson and O’Kane,
2004).

Practice point

Why do healing wounds often itch?

A healing wound is tissue where many local factors and
mechanical conditions are different from normal healthy
physiological tissues, so the sources of altered sensation
are varied. Itching is the result of an ’intermediate’ activa-
tion of pain receptors and is a common sensation. There
are several theories that explain why healing wounds and
scabs itch ranging from the local release of histamines that
irritate the skin around the wound to the theory that as
the wound heals, the scab becomes more tightly stretched
over the rapidly proliferating cells causing the area around
the scab to itch. Wound contraction is a physical process

that actively draws the wound edges together increasing
tension on the nerve fibres within the wound. This shrink-
age activates the mechanoreceptive nerves that signal an
itch sensation, creating the urge to scratch. Pain neurons
have peripheral free nerve terminals which have exposed
receptors that come into contact with inflammatory medi-
ators, growth factors and opiates within the wound. These
receptors are sensitive and are stimulated by temperature
and mechanical stress. As a result they can be activated
by a variety of stimuli, typically pressure and touch to
produce various sensations such as tickling, itching, tin-
gling and pain. Finally, dehydration exacerbates itching.
The sebaceous glands surrounding the injured area may
be damaged and not able to lubricate the skin adequately.
In reality, the sensation of itching during the final stages
of healing is likely to be multifactorial and is a good sign
as it is thought to indicate that the wound is healing.

Abnormal scarring

Normal skin has a mature stratum corneum char-
acterised by minimal transepidermal water loss
(TEWL). Dehydration of the stratum corneum initi-
ates signalling to keratinocytes to stimulate produc-
tion of cytokines, which activate dermal fibroblasts
to synthesise and release collagen. Excessive colla-
gen production leads to abnormal scarring (Mus-
toe, 2008). Desmouliere et al. (1995) suggest that
the apoptosis of myofibroblasts is the process by
which granulation tissue evolves into scar tissue. If
myofibroblasts persist and continue the process of
remodelling, they can produce excessive amounts
of collagen and a hypertrophic scar may occur
(Ehrlich et al., 1994). Wounds which are predis-
posed to hypertrophic scarring include deep burns,
wounds with a prolonged inflammatory response
due to infection and wounds in areas of high skin
tension and movement (Roseborough et al., 2004;
Enoch and Leaper, 2005). Hypertrophic scars will
regress after approximately 1 year with a reduction
in both volume and colour (Teot, 2005).

Keloid scars are often confused with hyper-
trophic scars (see Chapter 14) but arise from com-
pletely different circumstances. Although keloid
scars are hypertrophic, they differ by extending
beyond the border of the original wound and do
not regress over time. Keloid scarring is usually a
genetic phenomenon where collagen type I is pro-
duced in a tumour-like fashion with uncontrolled
growth of scar tissue.
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Practice point

How can I tell if an unsightly scar is keloid or
hypertrophic?

The patient history of a keloid scar typically involves
a wound that has been appropriately managed without
infection or complication that could be responsible for its
increased size or reactivity. The scar tissue is excessive and
overflows the boundary of the wound and is dispropor-
tionate to the original injury. It may be painful, sensitive
and extremely uncomfortable and previous treatment may
be unsatisfactory. In contrast, hypertrophic scarring usu-
ally occurs as a natural consequence to normal scarring
where exaggeration takes place because either no scar
management has been implemented or where suturing
technique is lacking or infection has occurred. The hyper-
tropic scar steadily increases its collagen composition and
becomes raised and bulky but does not overgrow the
wound boundaries. Hypertrophic scars gradually resolve
over approximately 1 year and the scar changes colour
from pink to white, and flattens into a broad flat scar.

Summary

Wound healing is a complex process performed
by cells that are programmed to achieve wound
closure. Each cell is capable of multitasking and
can perform different functions at different stages
of healing depending on the local environment.
However, the cells involved in tissue repair need
a detailed set of instructions (growth factors) to
regulate this process. Critically, these instructions
must be delivered to individual cells in the right
concentration at the right time. In order to function
optimally, the cells responsible for wound healing
must be supported by a local environment where
conditions are just right. The clinician plays a vital
role in supporting the fragile process of tissue repair
by understanding the healing trajectory, maintain-
ing the ideal environment to promote healing and
observing for signs that it has been delayed.

Although the process of wound healing appears
to be simple, advances in molecular science have
provided a greater understanding of the complex
interactions involved. As understanding of these
dynamic physiological processes improves, treat-
ment advances may mean that patients can look for-
ward to scar-less healing; and the routine transplant
of tissues engineered from stem cells to improve the
outcomes of tissue repair is not too distant future.

Useful resources

Hard-to-heal wounds made easy. (2011) Wounds Inter-
national. 2(4). Available at: http://www.wounds
international.com/pdf/content_10140.pdf

MMPs made easy. (2009) Wounds International. Available
at: http://www.woundsinternational.com
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Overview
� Wound assessment is a complex process that helps to determine wound aetiology and the progress of healing over time.
� The patient consultation is the cornerstone of any assessment and is based on effective communication skills that elicit

information about the patient’s problem and allow the clinician to plan and make appropriate management decisions.
� Wound assessment has three important clinical components: diagnostic, monitoring and legislative.
� Precise wound area measurement can help predict healing rates of some chronic wounds and improve effectiveness of

clinical decision-making.
� Wound measurement techniques are only approximate; the use of protocols in clinical practice could help minimise the

margin of error.

Introduction

Skin damage is caused by a variety of factors which
may result in a break in the surface of the skin,
commonly referred to as a wound. Skin breakdown
varies in severity, from imperceptible damage that
may be invisible to the naked eye to extensive, life-
threatening wounds. Assessing skin integrity is a
complex, dynamic and continuous process which
requires an understanding of the normal structure
and function of the skin and underlying tissues and
of the factors affecting tissue repair.

Wound assessment should identify potential bar-
riers to healing, prioritise treatment objectives and

enable the practitioner to consider possible treat-
ment options, taking into account evidence-based
efficacy, cost-effectiveness and availability of local
resources (see Chapter 1).

The first step is to take a detailed patient history
with examination, as this will provide information
which helps determining the cause of skin break-
down and implementation of the most appropriate
treatment strategy. There are many assessment
frameworks available to guide practitioners
through a problem-solving approach in a logi-
cal, concise way. This chapter offers a simple but

Wound Healing and Skin Integrity: Principles and Practice, First Edition. Edited by Madeleine Flanagan.
C© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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Figure 4.1 Hierarchical approach to skin assessment.

comprehensive approach to assessing skin integrity
based on an existing problem-solving model util-
ising four of the five human senses as seen in
Figure 4.1 (Finch, 2003; Salcido, 2005; Cook, 2011).

Assessing skin integrity

A detailed skin and wound assessment is of criti-
cal importance to help identify the patient’s general
physical condition and factors responsible for skin
integrity problems so that an appropriate manage-
ment plan based on these can be implemented.

The key principles of skin integrity assessment
are as follows (Naylor, 2002):

� identify cause of skin breakdown;
� identify associated risk factors;
� correct or treat the underlying cause where pos-

sible;
� identify appropriate management options;
� control wound-related symptoms;
� prevent further skin/wound deterioration;
� identify patient’s expectations and goals of

treatment;
� focus on enhancing quality of life if cure is not

possible;
� provide psychosocial support;
� promote patient independence.

At initial consultation, a head-to-toe skin assess-
ment should be performed, as it may provide
important clues to diagnosis and management of
the existing problem. If the practitioner performing
the assessment does not have a diagnostic responsi-
bility, then their role is to provide accurate informa-
tion to assist colleagues who do make appropriate
management decisions.

Listening: problem orientation
and knowledge

At initial assessment, it is important to gather infor-
mation about the patient’s skin integrity problem by
carefully asking the right questions and listening to
the patient. Gathering a reliable history is achieved
by allowing the patient to tell their story, as this opti-
mises the chance of establishing an accurate history
of the presenting problem. An experienced prac-
titioner is able to guide the patient or their carer
to provide key information to help determine the
cause of the wound or skin problem. A framework
of questions to enable clinicians to initiate the con-
sultation and elicit a focused patient history is sug-
gested in Table 4.1. Additional questions may be
added, depending on the type of wound or skin
condition.
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Table 4.1 Prompts to establish a reliable patient history

Prompt Rationale

What is the problem with your
wound or skin and what help do
you need?

� Establishes starting point for examination/assessment
� Gain understanding of patient’s concerns
� Identifies patient’s expectations

Where is the wound or skin
damage?

� Location helps establish diagnosis, e.g. possible pressure damage, leg ulceration,
lacerations, stasis eczema

� Provides information for treatment

How long have you had the
wound or skin damage?

� Duration may be an important indicator of healing potential (Schultz et al., 2005)
� Helps to determine wound chronicity

What caused the wound? � The patient may not always know how the wound initially occurred especially in
chronic wounds.

How is your general health? � Enables identification of potential barriers to healing, e.g. diabetes, peripheral
vascular disease, cancer treatment, anaemia, inflammatory or autoimmune diseases

What medications do you take? � Identifies medications which may adversely affect wound healing, e.g.
corticosteroids, chemotherapy, amlodipine, warfarin

� Also consider the use of over-the-counter or traditional remedies
� Consider potential effect on healing

Tell me about your lifestyle? � Explore relevant social/environmental and personal factors that may affect healing
such as home environment, mobility, family support, occupation, financial status

� Identify any negative lifestyle choices – alcohol, tobacco or drug usage, poor
nutrition

What makes the wound or your
skin better?

� Identify interventions or actions that improve the wound or skin, e.g. resting, using
emollients, changing dressings daily

� Patients’ coping strategies may give further clues as to the cause of skin breakdown,
e.g. sitting upright in a chair at night to reduce pain in arterial leg ulceration

What makes the wound or your
skin worse?

� Establish any factors which aggravate the wound or skin, causing deterioration.

What is your wound or skin like
when it is worse?

� Description of deterioration may help
� Note any allergies/skin reactions to topical preparations, dressings, bandages, etc.

Have you had any previous
treatment for your wound or skin?

� Establish successful/unsuccessful treatment modalities – these will influence any
future treatment plans

� Identify what has helped and what has not
� Identify patient’s likes/dislikes

Is your wound or skin painful? � Pain descriptors may indicate factors related to wound aetiology, e.g. neuropathic
pain is often described as ‘sharp shooting pain’ (Bunn and Griffiths, 2011)

What is the worst thing about your
wound or skin?

� Helps prioritise patient’s treatment objectives
� Identifies patient’s expectations of treatment

How does your wound or skin
affect you every day?

� Demonstrates impact on quality of life, self-esteem, occupation
� Begins to explore patient’s health beliefs

The listening element of the information-
gathering process is essential to explore the
patient’s perspective of the skin/wound problem
and assess his or her expectations before moving
onto the medical aspect of the consultation. The
use of open-ended questions, appropriate verbal
prompts and following patients’ cues will help the
clinician gain insight into the patient’s concerns and
start to build trust and develop a relationship with

the patient before moving onto the physical exami-
nation (Kurtz et al., 2005).

History-taking provides a formal structure and
leads the clinician onto the physical examination
element of the consultation. Effective assessment
documentation should be structured to reflect the
logical flow of history-taking. A good example
of a structured model for a patient consultation
is the Calgary-Cambridge Guide to the Medical
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Figure 4.2 Structured patient consultation following the Calgary-Cambridge model. Adapted from Kurtz et al. (2005).

Interview (Kurtz et al., 2005), which clearly demon-
strates the interrelationship between the com-
munication process and the physical assessment
content of a consultation (Figure 4.2). The five
elements of the consultation – understanding the
patient’s perspective, building a relationship and
developing rapport, explaining and planning, and
closing the session – provides organisational struc-
ture to the consultation using an informal, person-
centred approach.

Looking: problem clarification and
knowledge construction

Before focusing on the skin integrity issue or
wound, it is important to assess the patient’s
general appearance, including the overall skin
condition as this often reflects health status, e.g.
looking flushed or pale. Table 4.2 identifies general
factors that should be taken into account when
assessing a patient.

Once the clinician has conducted this prelimi-
nary assessment of the patient, a more detailed
examination of the general skin condition should
be undertaken. This will involve asking the patient
to remove their clothing, where appropriate, so that
examination of the skin can be undertaken. This

should be performed in a calm, private, warm and
well-lit (natural light) environment, ensuring that
the patient’s dignity is maintained at all times. The
following should be noted and carefully recorded
on a body plan using the appropriate terminology:

� areas of dry or scaly skin;
� trauma: bruising, petechiae, haemorrhage, skin

tears;
� skin colour/pigmentation: jaundice, lipoder-

matosclerosis;
� oedema: pitting/non-pitting, leakage, location;
� rashes: distribution, characteristics;
� skin perfusion: mottled, pale, shiny, hairless

skin, missing digits;
� skin breaks: excoriation, trauma, maceration;
� skin lesions: distribution, character, shape;
� wounds: size, location, duration;
� skin infections: signs/symptoms – bacterial,

fungal infections;
� scarring: appearance, quality, hypertrophic,

keloid

It is important to use the correct terminology
to avoid confusion, particularly when other health
professionals are to be involved in the patient’s
management. Abbreviations and acronyms should
also be avoided in documentation, since these may
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Table 4.2 Factors to consider when conducting a general patient examination

Considerations Rationale

General
demeanour

� Determine if patient is anxious, confused, depressed or in pain
� Good interpersonal and communication skills will elicit why the patient feels this way
� Establish source of pain, consider use of pain scales, if appropriate

Age of patient � Helps to establish likely origin of wound or skin condition
� May influence treatment choice
� May affect patient concordance

Illness status � Determine if the patient has any concurrent illness or co-morbidities
� Helps determine if patient is immune-compromised, which may delay healing

Mobility � Level of mobility may influence treatment decisions, e.g. compression systems
� Restricted mobility is a risk factor for pressure damage and has a negative outcome on the healing of

venous leg ulcers (Franks et al., 1995)

Body weight � Consider nutritional assessment for patients with extremes of body weight, as this may affect healing
� High body weight – consider need for specialist equipment and increased risk of complications, e.g.

wound dehiscence
� Low body weight – consider increased risk of pressure damage
� Identify any manual-handling issues

be misinterpreted if they are not universally recog-
nised.

Developing astute observation skills helps in
eliciting additional valuable information from the
assessment process to assist diagnosis. However, it
is also necessary to examine the skin by touching,
to gather additional information about its condition
(Lawton, 2001).

Practice point

How to assess pigmented skin

It is important that clinicians are able to recognise early
skin damage in patients with pigmented skin to diagnose
and treat them effectively. Often, lesions which in Cau-
casian skin appear red or brown will appear black or pur-
ple in pigmented skin, and mild erythema may be masked
completely (Bryant and Nix, 2011). The localised area of
skin damage may be purplish or bluish (eggplant colour)
which is comparable to the erythema or redness seen in
persons with lighter skin tones (Bennett, 1995). The gen-
eral principle is that tissue damage will cause localised
skin colour changes which differ from the patient’s usual
skin colour.

Local inflammation commonly leads to pigmentary
skin changes which may be either lighter or darker
(depending on the individual), and which may persist for
a long time after the initial dermatosis has resolved. Pig-
mented skin shows more of a pigmentary reaction follow-
ing trauma or inflammation than non-pigmented or lightly
pigmented skin (Bryant and Nix, 2011). Consequently,
postinflammatory hyperpigmentation and hypopigmenta-

tion pose particular problems for black patients. In inflam-
matory skin diseases such as atopic eczema, acne vul-
garis and lichen planus, postinflammatory hyperpigmen-
tation can persist well after the active disease process has
subsided and sometimes indefinitely. Hypopigmentation
may also be seen with pityriasis alba, sarcoidosis, lep-
rosy, pityriasis versicolor and may also occur as a result
of damage caused by eczema, herpes zoster, cryotherapy
and the use of topical steroids.

Touch: hands on fact finding

The use of touch enables the clinician to elicit infor-
mation that may not always be visually obvious.
Physical examination is often neglected to the detri-
ment of a thorough skin assessment. Factors such
as skin texture, moisture and temperature can yield
important information on which to base a diagno-
sis, e.g. localised heat may indicate inflammation,
induration or infection, and may be the first sign
of category 1 pressure damage (nonblanchable ery-
thema) (Bryant and Nix, 2011).

Damaged, intact skin may feel warm when
touched due to localised heat (from the inflam-
matory process) when compared with surround-
ing skin (Bennett, 1995). Localised oedema may
also be felt as induration immediately surrounding
the damaged area. The skin looks taut and shiny
and may be broken or intact. As tissue becomes
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Table 4.3 Information gained from touching the skin

Skin texture � Induration in the gaiter area of the lower limb may indicate venous disease
� Roughness – xerotic skin may be rough and scaly and may be the result of medication or

chronic illness
� Consistency of tissue, e.g. firm, boggy, normal

Dry skin � Pathological dry skin. Dry skin is a normal consequence of ageing but may indicate
dehydration, malnutrition, eczema, renal failure, liver disease, anaemia, diabetes

Wet, macerated skin � High moisture levels may cause moisture lesions and fungal nail infections as a result of
incontinence, sweat, wound exudate

� Presence of moisture may indicate lymphorrhoea as a result of untreated lymphoedema
� Fluid loss due to cellulitis, dependency oedema, large exudating wounds sinus or fistula

Oedema � Pitting/non-pitting, location
� ‘Spongy’, water-logged tissues (fluctuance)

Temperature (warm) � Reactive hyperaemia
� Inflammation – acute lipodermatosclerosis
� May indicate category 1 pressure damage – non-blanchable erythema
� Presence of infection, e.g. cellulitis, surgical infection, abscess

Temperature (cool) � Occluded/decreased arterial supply
� Indicator of deep tissue pressure damage as tissue death occurs

Pain � Elevated pain levels may indicate inflammation localised infection or ischemia

Skin sensitivity � Abnormal sensations on being touched, such as increased levels of pain, numbness or burning
(dysaesthesia), or tingling, feeling of electric shock and stabbing (paraesthesia) are associated
with sensory neuropathy (Jensen and Baron, 2003)

devitalised the skin may feel cooler to touch when
fingers or the back of the hand is used (Bryant and
Nix, 2011).

Reactive hyperaemia occurs when there is a
transient increase in organ blood flow following
a brief period of ischaemia. This may occur fol-
lowing repeated brachial blood pressure readings
on the same arm, or when the patient is reposi-
tioned following a period of unrelieved pressure.
The area will be red and warm to touch initially
but will blanch on digital pressure, indicating that
the microcirculation is still intact. Erythema may be
difficult to observe in darkly pigmented skin and
is more easily felt. Table 4.3 identifies information
that can be elicited by touching the patient’s skin.

Practitioners should also be aware of and doc-
ument the presence of hyperalgesia, which is an
increased sensitivity to pain. Patients may exhibit
an increased level of pain when touched in the area
of damaged tissue (primary hyperalgesia) or in the
surrounding undamaged tissue (secondary hyper-
algesia). This may occur in patients with painful
chronic conditions and can be associated with long-
term opioid use (Chu et al., 2008).

Abnormal sensations on being touched, such
as increased levels of pain, numbness or burning

(dysaesthesia), or tingling, feelings of electric shock
and stabbing (paraesthesia) are associated with
sensory neuropathy (Jensen and Baron, 2003) and
can be a consequence of many conditions, includ-
ing herpes zoster and diabetes. Patients with dia-
betes may suffer from peripheral neuropathy with
extreme sensitivity to the lightest touch – for exam-
ple, the weight of a sheet can be agonizing. On the
other hand, numbness or reduced ability to feel
pain or change in temperature especially in their
feet or toes may lead to muscle weakness, diffi-
culty in walking and serious foot problems, such as
ulcers, infections and deformities of the toes/feet
(Jensen and Baron, 2003). Gloves should not be
worn by practitioners during a skin assessment, as
they diminish sensitivity to changes in skin tem-
perature, although meticulous attention should be
paid to hand hygiene to avoid cross infection.

Smell: subconscious information
gathering

The final human sense that practitioners use sub-
consciously when assessing a patient is smell. This
sense is undervalued during assessment and can
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provide useful information about the condition of
the skin and hygiene status but must be used sensi-
tively as odour is associated with social stigma and
causes embarrassment. Smell affects how patients
relate to their loved ones and caregivers and can
disturb sleep, cause loss of appetite and social
isolation.

Skin may produce an unpleasant or distinctive
odour for the following reasons:

� Poor personal hygiene: can result in skin break-
down, intertrigo due to fungal infections caused
by Candida albicans in skin folds, e.g. under
breasts and in the toe webs.

� Urine: a distinctive odour is produced if urine is
not cleaned from the skin or left soaked into ban-
dages due to the breakdown of ketones, nitrates
and phosphates.

� Faeces: sacral wounds and fistulae are particu-
larly susceptible to faecal contamination. The
distinctive malodour is produced by skatole (a
3-methylindole crystalline compound) and is
designed to repel humans and prevent inges-
tion (Suarez et al., 1998).

� Wound infection: may cause unpleasant odour
caused by multiplication of aerobic bacteria
such as Pseudomonas aeruginosa which is associ-
ated with a distinctive sweet, rancid smell pro-
duced by a combination of volatile compounds
including hydrogen cyanide gas.

� Exudating wounds: chronic wounds such as pres-
sure ulcers, diabetic foot ulcers and venous leg
ulcers often have a characteristic smell due to
a combination of factors including build-up of
chronic wound fluid, high bacterial load and
presence of devitalised tissue.

� Necrotic tissue or slough: in wounds may pro-
duce a distinctive odour due to tissue break-
down and colonisation with anaerobic bacte-
ria that produce unstable sulphur compounds
and short-chain fatty acids as metabolic end
products.

� Malignant wounds: are often malodourous due
to the presence of putrescine and cadaverine
which are volatile fatty acids released as the
tumour erodes surrounding tissue (Haughton
and Young, 2003; Piggin and Jones, 2007).

Wound odour may be pungent, sweet, musty or
faecal depending on the cause. The presence, type
and possible cause of the odour must be docu-
mented; however, clinicians must be mindful that

patients might request to see these records and doc-
umentation must be factual and objective.

Assessing wounds

Inexperienced practitioners tend to focus on wound
and skin integrity problems in isolation, and fail
to consider skin integrity in the wider context of
the patient’s general condition. As a consequence,
meaningful information may be lost. The frame-
works above will enable the clinician to assess the
wound in the context of the whole person, result-
ing in an individualised, meaningful and compre-
hensive assessment. Failure to take an appropri-
ate history and detailed examination may result in
valuable information being missed. The Wound Bed
Preparation section will discuss the assessment of
the wound or skin integrity problem, utilising all
four senses previously discussed. Table 4.4 lists the
important wound characteristics and the rationale
for assessment.

Wound bed preparation

There are several systematic frameworks avail-
able to help clinicians conduct a formal structured
assessment of a wound to develop an individu-
alised management plan. One of the most pop-
ular of these is wound bed preparation (WBP)
(Sibbald et al., 2000). WBP was introduced in 2000
and has gained international recognition as a con-
ceptual framework for managing chronic wounds,
based on the wound healing processes at cellu-
lar level (Sibbald et al., 2000; Moffatt et al., 2004;
Sibbald et al., 2007). Schultz and colleagues devel-
oped the four core elements of WBP which were
later summarised as the acronym TIME to facili-
tate understanding of the pathogenesis of chronic
wounds and to act as a practical decision-making
tool to optimise wound care practice (Falanga, 2004;
Dowsett, 2009):

T: tissue, non-viable or deficient;
I: inflammation and infection;
M: moisture balance;
E: epithelial (edge) advancement.

The basis of the WBP assessment framework is
that each individual component of the TIME model
should be considered when assessing wounds and
that a systematic plan of care be developed based
on findings. This allows clinicians to prioritise and
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Table 4.4 Wound characteristics and rationale for assessment

Wound characteristic Rationale

Duration � Indicates chronic/acute wound
� 4 wk duration may be indicative of stalled healing (Schultz et al., 2003)
� May highlight psychological and social issues

Previous treatments � May indicate appropriate or inappropriate management
� Dressings or alternative therapies used
� Indicates patient preference/adherence

Location � May indicate type of wound, e.g. pressure damage, venous leg ulcer
� Will influence dressing choice, fixation problems, cosmetic appearance

Size, depth and shape � Selection of appropriate dressing size and shape to fit wound
� Monitor improvement or deterioration of wound in response to treatment

Type of tissue present � Will indicate phase of wound healing
� Will help determine treatment aims
� Will influence dressing choice

Amount and type of exudate � May indicate infection/bleeding
� Amount of exudate will decrease as healing occurs; increased levels may indicate

infection
� Malodour may indicate infection/presence of necrotic tissue

Peri-wound or surrounding skin � Maceration/excoriation will indicate high wound exudate levels and inadequate
fluid-handling properties of dressings.

� Skin texture may indicate aetiology of wound, e.g. hyperkeratosis in venous
hypertension

Wound edges � May indicate signs of epithelialisation
� Rolled edges may indicate epibole
� Can help to differentiate between different types of leg ulceration aetiology

Source: Courtesy of Wayne Naylor.

implement interventions aimed at minimising bar-
riers to healing found within the chronic wound
(Figure 4.3).

The original WBP model placed the emphasis on
the physiological and molecular barriers to heal-
ing at an advanced level. This led to criticism by
some (Schultz et al., 2004; WUWHS, 2008; Mulder,
2009) since inexperienced practitioners may have
a tendency to focus on the wound in isolation, los-
ing the broader contextual information gained from
a general patient assessment. The importance of
addressing patient-centred factors such as concor-
dance, lifestyle factors and psychosocial needs was
later incorporated into the model (Inlow et al., 2000;
Falanga, 2004; Harding et al., 2008; Dowsett, 2009).

It must also be remembered that the WBP
was developed primarily for nonhealing, chronic
wounds and is not always appropriate for all
wound types, for example, for traumatic, or sur-
gical wounds, and for wounds where active inter-
vention may not be appropriate, such as uncom-
plicated venous ulcers (Moffatt et al., 2004) and

diabetic neuroischaemic foot wounds (Edmonds
et al., 2004).

Despite these criticisms, the benefits of imple-
menting WBP as a decision-making framework
have helped clinicians around the world make
more effective clinical decisions, based on assess-
ment of local conditions at the wound bed. The
WBP framework is now widely acknowledged to
help rationalise implementation of advanced treat-
ment modalities and monitor progression to heal-
ing (Moffatt et al., 2004; Dowsett and Newton,
2005; Mulder, 2009; Ousey and McIntosh, 2010). In
addition, it has been used successfully to underpin
teaching intervention designed to increase nurses’
wound care knowledge (Dowsett, 2009).

However, some authors believe that formal
wound assessment tools such as WBP are not effec-
tively used in clinical practice as some clinicians fail
to see the link between wound assessment and the
selection of appropriate dressing products (Cook,
2011). Cook (2011) conducted a survey into com-
petency and current practice in wound assessment
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Figure 4.3 Wound bed preparation. From Falanga (2004).

and found that 73% of wound care practitioners did
not use any type of assessment tool to aid wound
assessment as they found concepts such as WBP
difficult to interpret and implement in everyday
practice situations.

The need for a standardised wound assessment
form has now been recognised and is currently
under development (Watret, 2005; Fletcher, 2007;
Fletcher, 2010). It is hoped that adoption of this form
might help to ensure that adequate data are col-
lected across both primary and secondary health-
care settings to plan appropriate patient care and
allow for audit of patient outcomes in the future.
A copy of the assessment form can be downloaded
from the link given in Useful Resources section at
the end of this chapter.

Data collection

The ideal data collection form should allow for
the gathering of both qualitative and quantita-
tive information. Qualitative information includes
the assessment of the patient’s general health and
appearance, skin quality, documentation of the
wound characteristics or skin integrity problem,
including treatment aims and evaluation of inter-
ventions, together with a record of any patient-
centred concerns.

Quantitative information includes information
gathered from risk assessment tools, such as pres-
sure ulcer risk assessment, pain assessment, nutri-
tional status and manual handling, together with
the results of specific diagnostic tests, e.g. Doppler
results, 10-g monofilament tests. Wound measure-
ments or photography should also be recorded and
plotted to assess healing or wound deterioration.
Any physiological data, such as blood pressure
readings, urinalysis, swab results and blood test
results should be recorded on the initial assessment
form.

Investigations

Depending on the clinical setting and the type of
wound or skin integrity problem, additional inves-
tigations may be appropriate. These include rou-
tine blood tests such as full blood count, urea and
electrolytes, and haemoglobin levels, together with
additional tests such as C-reactive protein levels
(CRP) and erythrocyte sedimentation rate (ESR), to
identify inflammation. Routine tests such as blood
pressure, pulse and blood glucose levels will also
aid diagnosis. When signs of clinical infection are
present, wound swabs for culture and sensitivity
should be taken, and actions taken on positive
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results be recorded. Specific investigations such as
Doppler ultrasound or sonography are required to
assess particular wound aetiologies and will be dis-
cussed in the relevant chapters.

Wound measurement

Wound measurement is an important component of
wound assessment and has the potential to provide
baseline measurements and monitor healing rates
to predict treatment outcomes. Apart from as an
outcome measure of clinical trials or within special-
ist centres, wound measurements over time are not
normally documented in everyday clinical practice
due to lack of time and resources.

Small changes in wound size are not always vis-
ible to the naked eye but there is good evidence
that a reduction of 20–40% in wound area after 2–4
weeks of treatment is a reliable predictor of healing
at 12 weeks in venous leg ulcers (Kantor and Margo-
lis, 2000), and that a wound area reduction of >50%

by 4 weeks is predictive of healing in diabetic foot
ulcers (Sheehan et al., 2003; Lavery et al., 2008; Sny-
der et al., 2010). This evidence supports the value of
regular measurement of wound circumference dur-
ing the first few weeks of treatment to determine
if the wound is responding. However, this is diffi-
cult to achieve in clinical practice as wound mea-
surement methods are not standardised, there is no
consensus on which wound-healing parameters are
the most reliable (Mani, 1999; Schultz et al., 2005)
and healing rates vary between different wound
aetiologies (Kantor and Margolis, 2000; Phillips,
et al., 2000; Keast and Cranney, 2004). Clinicians in
some specialised centres record wound measure-
ments over time to plot wound-healing curves and
find this a useful visual method of monitoring the
healing trajectory of indolent wounds (Figure 4.4).
If adopted more widely in other clinical settings,
this practice could help justify the use of advanced
treatment modalities.

Measurement of wound dimensions is a fun-
damental element of wound assessment but it
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is not accurate. Length multiplied by width as
an isolated measurement falls short of the preci-
sion required when monitoring wound progress
as wounds change shape over time. These mea-
surements are not representative of overall wound
size, as the area of the wound could remain static
whilst overall dimensions could change. Length
multiplied by width as a method of estimating
area is inaccurate especially with irregular-shaped
wounds because area is generally overestimated
and as such diameter product measurements are
only useful as a crude visual indicator of wound
dimension (Flanagan, 2003).

It is acknowledged that counting the number
of grid squares covering the wound is a time-
consuming approximation of surface area which
does not facilitate clinical decision-making. Many
different procedures have been recommended to
improve accuracy of diameter product measure-
ments but precision has not been effectively
demonstrated in clinical practice. Measurements of
wounds performed on digital photographs using
planimetry software have been shown to be more
accurate than diameter product measurements, and
are simple and convenient (Thawer et al., 2002;
Wendelken et al., 2011).

Practice point

The accuracy of measuring wound dimensions, length
and width tracings can be improved by implementing the
following steps:

� A fine-tip permanent black pen should be used as it can
be easy to misinterpret the wound edge when using a
thick-tipped pen.

� Leaning too heavily on the wound margin can distort
the wound shape and should be avoided.

� Ensure, when possible, that the patient is in the same
position each time the wound is measured or pho-
tographed.

� Date and label each wound surface area tracing, for
records in the patient’s notes.

For any measurement to be of value, it must be
capable of comparison with other measurements.
This can only happen if measurements are made
under the same conditions using exactly the same
procedures which is challenging in clinical practice.
The specification of simple wound measurement
protocols could do much to improve accuracy of
this aspect of wound assessment.

A protocol should define how to measure the:
� wound margin;
� total wound area;
� areas of tissue type within the wound bed

expressed as percentage of total wound area;
� frequency of measurement as a percentage of

area reduction in the first 2–4 weeks.

The progress of wound healing should be mon-
itored and treatment aims be evaluated every
2–4 weeks.

Wound photography

Digital photography is a quick, easy and relatively
inexpensive method of documenting wound and
skin integrity problems and provides visual evi-
dence of skin damage, regardless of whether the
epidermis is intact or not, e.g. in bruising, erythema.
A series of photographs can help to monitor the
progress of healing and can be a useful educational
tool. Photography should never be used in isola-
tion from other methods of assessment, as colour
reproduction may not be accurate. Always adhere
to local policy for information relating to consent,
documentation and storage of images.

Practice point

How can one improve the quality of photographs
taken for wound assessment purpose?

Consent and documentation:

� Obtain written consent for each photo and specify if
the image is to be used for publication or teaching.

� Do not assume consent has been given. If patient is
unable to give consent, seek advice and follow local
protocol.

� Never photograph patient’s face or any other distin-
guishing features.

Image quality:

� Position patient consistently for each photo; ensure
patient safety.

� Do not clean wound before taking photograph.
� Include a disposable ruler with date, length/

width/depth in each photo.
� Use natural light when possible and try not to use flash

facility.
� Take photograph from a distance of approximately 1 m,

or closer if zoom facility used.
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� Take the photo from the same angle every time.
� Point camera perpendicular to the wound.
� Avoid blurring by steadying the camera by stand-

ing firmly with feet shoulder distance apart and tuck
elbows in to avoid shaking.

� Showcase the wound on a solid plain background.
� Avoid clutter in the background.
� If possible, ensure hands are not visible in the photo-

graph.

Frequency:

� Take three photos per wound on each occasion and
review.

� Re-take photo if necessary.
� One photo at initial consultation, then weekly there-

after, until wound closure.

Storage:

� As soon as possible, transfer image to a secure,
password-protected computer.

� Save as a JPEG file, and record patient’s initials and
date.

� Do not attempt to manipulate or change the image in
any way.

� Store image in patient’s medical records in accordance
with local protocol.

Effective documentation

Wound assessment is a complex activity that
requires collation of much clinical data. Documen-
tation should be user-friendly, concise, comprehen-
sive, and able to withstand legal scrutiny and assist
practitioners to make informed treatment choices
based on the data collected (Culley, 2001). There is
some evidence that well-designed wound assess-
ment forms act as an aide-memoire providing cues
for clinicians to gather relevant information and
provide a structured, systematic approach to assess-
ment (Sterling, 1996). Furthermore, a well-designed
assessment form will include prompts to assist clin-
icians identify barriers to healing (Maylor, 2003).

Accurate documentation is becoming increas-
ingly important in the litigious environment that
most health professionals practice in. Clinical neg-
ligence cases involving mismanagement of wounds
have in recent years resulted in an explosion of legal
claims for compensation globally. The simple fact is
that determining liability in negligence is depen-
dent upon factual and concise documentation of
wound assessment and treatment evaluation.

When to seek specialist help?

Following wound assessment, practitioners some-
times lack confidence in their diagnostic skills or
may seek confirmation of the likely cause of skin
breakdown. The following criteria indicate when
specialist help should be sought:

� wounds of unknown cause – diagnostic uncer-
tainty always requires further investigation
before appropriate treatment can be imple-
mented;

� patients with complex co-morbidities, e.g. dia-
betes, renal failure, rheumatoid arthritis, should
be monitored by an appropriately trained spe-
cialist;

� wounds that are static or not responding to stan-
dard treatment after 4 weeks should be referred
for a case review;

� wounds that are rapidly deteriorating are most
likely to be due to ischaemia or infection, and
should be immediately referred to an appropri-
ately trained specialist;

� unusual lesions or suspicious areas of exuber-
ant granulation tissue which do not respond to
treatment should be referred to a dermatologist;

� unconfirmed sinuses/fistulae where the end-
point cannot be determined may need explo-
ration or sinography performed. Referral to a
surgical team is necessary

� clinical suspicion of factitious wounds (self-
harm) should be referred to the psychiatric
team.

This list is not exhaustive, and clinicians should
refer to local referral policies for specific guid-
ance. Clinical experience around the world demon-
strates that effective wound care cannot ever
be managed by one professional group in isola-
tion and benefits from a multidisciplinary team
approach. Good communication facilitated by
effective reporting mechanisms with organisational
support will ensure that patients have access to
appropriate specialist skills if required in achieve
healing.

Summary

Wound assessment is not always performed as reg-
ularly or as accurately as it should be, and can
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become a routine task. This chapter has highlighted
the importance of adopting a structured approach
to the assessment of skin breakdown and wounds
based on four of the human senses using a problem-
solving approach. Practitioners may be tempted to
focus on wound and skin integrity problems in
isolation, however, by taking a step back and sys-
tematically assessing the patient from head to toe,
valuable additional information could be gathered,
ensuring that the correct assessment is made and
timely and appropriate intervention implemented
to achieve wound healing.

Development of new therapeutic techniques to
measure other parameters of wound healing such
as temperature, pH and protease levels currently
exist but are not yet widely available. These tech-
niques are already providing additional methods of
monitoring progress to healing but are still in their
infancy.

Accurate wound assessment ensures that
patients receive the most appropriate treatment as
soon as possible; that clinicians have confidence
that barriers to healing have been identified and
progress to healing is being monitored; and that
healthcare organisations are assured that gover-
nance requirements have been met.

Useful resources

Development of a new wound assessment form. Available at:
http://www.wounds-uk.com/pdf/content_9344.pdf
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5 Principles of Wound Management

Madeleine Flanagan
School of Life and Medical Sciences, University of Hertfordshire, Hertfordshire, UK

Overview
� An understanding of the physiological barriers that impair wound healing is required to effectively manage wounds and

underpin the principles of chronic wound management: reduce the bacterial and necrotic burden, regulate moisture
balance and protect the wound environment.

� Systematic reviews on wound treatments repeatedly highlighted the paucity of high-quality studies using clinically relevant
end points to evaluate efficacy of wound therapies.

� Selection of the correct wound dressing is only part of the overall management of chronic wounds. Despite technological
advances, dressings optimise local conditions in the wound bed rather than manage the underlying cause and are therefore
only an adjunct to wound management.

� Negative pressure wound therapy (NPWT) has emerged as an alternative wound-healing modality to dressings that has
transformed the practical management of complex wounds.

� A stepwise approach to use wound management treatments allows more expensive, advanced treatment modalities to be
reserved for those patients with more complicated indolent wounds.

Introduction

Chronic wounds are difficult to heal and may per-
sist for months or years or reoccur once healed due
to underlying disease processes that can be difficult
to manage. Treatment, therefore, requires a compre-
hensive approach involving the multidisciplinary
team so that the underlying pathophysiology can
be managed while promoting healing (Atiyeh et al.,
2002; Enoch and Harding, 2003). Before a wound
can begin to close, the barriers to healing must be
eliminated where possible so that the local wound

environment can support the delicate physiological
process of tissue repair. This may require removal
of non-viable tissue, control of bacterial burden,
maintenance of moisture balance and provision of
an environment to stimulate epithelialisation. This
approach is now referred to as wound bed prepa-
ration (WBP) (Falanga, 2000; Schultz et al., 2003)
and highlights the need to identify treatment aims
based on assessment of the patient and their wound
(Sibbald et al., 2000).

This chapter will provide an overview of treat-
ment modalities used to manage wounds and
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describe broad indications for use. The informa-
tion provided is not intended as a detailed guide
and manufacturer’s guidelines should be checked
to ensure they are up to date.

Principles of wound management

WBP defines the guiding principles of chronic
wound management as maintenance of debride-
ment, moisture balance and bacterial balance while
taking into account the patient’s wider health care
needs and allows application of our understanding
of the physiology of healing to clinical practice
to support appropriate wound management
interventions.

The aim of local wound management is to pro-
vide optimum conditions to maximise the body’s
ability to repair injured tissue. This is achieved by:

� controlling haemostasis;
� correcting the underlying cause of tissue break-

down;
� controlling bacterial burden;
� removing the necrotic burden;
� regulating moisture balance;
� protecting the wound and surrounding skin.

The ultimate goal of wound management is to
minimise the risk of opportunistic infection while
promoting the development of healthy granulation
tissue and uneventful healing.

Effective wound management

The majority of wounds will heal without compli-
cation using standard treatment. First-line manage-
ment should aim to implement best practice start-
ing with a thorough patient assessment, identifica-
tion and treatment of underlying problems such as
hyperglycaemia, poor nutrition, restoration of ade-
quate tissue perfusion, etc. First-line interventions
would, for example include simple measures such
as covering the wound with a moist wound dress-
ing and application of compression therapy in the
case of venous leg ulceration. Wounds that fail to
respond to standard wound management strategies
should then be reassessed and stepped up to inter-
mediate therapies. Figure 5.1 illustrates a stepwise
approach to the selection of wound management
modalities.

WBP provides a framework for clinical decision-
making so that non-healing wounds can be identi-

Healed
Wound

Advanced
Wound Therapies Step 3

Step 2

Step 1

Wound static or deteriorating

Intermediate Wound
Therapies

Wound static or deteriorating

Standard Moist Wound
Management

Non-healing wound

Figure 5.1 A step-wise approach to the selection of wound management modalities. Adapted from World Health Organization
(WHO). WHO’s Pain Relief Ladder [Illustration] (2005) Available at:www.who.int/cancer/palliative/painladder/en/

http://www.who.int/cancer/palliative/painladder/en
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fied and more advanced interventions can be imple-
mented (Sibbald et al., 2000). In this way, the use of
intermediate therapies such as NPWT and electrical
stimulation or advanced therapies such as bioengi-
neered tissue alternatives or stem cell therapy may
stimulate healing in indolent wounds. This step-
wise approach helps to ensure that more expensive
treatments are targeted at the smaller number of
people with harder-to-heal wounds who might ben-
efit from them making best use of limited resources.
The rationale for choice at each level for therapeu-
tic options is often guided by local wound man-
agement policies or protocols and many excellent
examples are available on the Internet.

Many standard and advanced wound treatment
modalities are thought to demonstrate clinical effi-
cacy in practice and their use is supported by expert
opinion. However, it should be recognised that the
quality of evidence to support the use of one wound
management intervention over another is limited
and that the varying conditions found in different
types of chronic wounds makes evaluation difficult
(Vermeulen et al., 2004; Chaby et al., 2007; MeReC
Bulletin, 2010; NICE, 2011).

Controlling bacterial burden: wound
cleansing

Open wounds quickly become contaminated with
bacteria within 48 hours (Bowler, 2002). The nor-
mal host immune response to bacteria invasion is
inflammation, characterised by an invasion of poly-
morphonuclear leukocytes that release proteases
and oxidants that break down cytokines and the
extracellular matrix disrupting the local wound
environment (Eming et al., 2007). One of the fun-
damental principles of wound healing is to reduce
the bioburden in the wound bed and studies have
demonstrated that as wounds heal, bacterial num-
bers start to fall (Trengove et al., 1999, 2000). Wound
cleansing is one way of reducing the bioburden as
it helps to remove loosely adherent microorgan-
isms, cellular debris, wound exudate and dressing
residue from the surface of the wound.

Temperature

In 1979, Locke demonstrated that optimal mitotic
activity occurred in a wound when a stable temper-

ature of 37◦C was maintained. This study showed
that it could take as long as 40 minutes for wound
to return to normal temperature following cleans-
ing with a cold solution. Low temperatures in
the wound bed reduce oxygenation and leukocyte
activity thereby increasing the risk of infection and
delaying healing (Feinstein and Miskiewicz, 2010).
Thus, the use of warmed cleansing solutions and
selection of dressings that increase wear time and
insulate the wound is recommended.

Types of wound cleanser

Wound cleansing solutions must be non-toxic,
reduce the number of microorganisms, not cause
sensitivity reactions and be cost-effective and
widely available (Main, 2008). Normal saline is
most commonly used as a wound cleanser as it
is an isotonic solution which does not disrupt the
physiological process of healing. For many years,
clinicians have discussed if tap water is as effective
as normal saline for cleansing. A recent Cochrane
review concluded that its use as a cleanser in acute
wounds does not increase infection rates. How-
ever, the reviewers found no strong evidence that
wound cleansing was better than not cleansing and
concluded that where tap water is of high qual-
ity (drinkable), it may be as good as other meth-
ods such as sterile water or saline and more cost-
effective (Fernandez et al., 2008).

For many years, community nurses have cleaned
leg ulcers in buckets filled with warm tap water.
However, a study by Johnson et al. (2009) found that
98% of wash basins in a hospital environment were
contaminated by multi-resistant bacteria. It would
therefore seem sensible to continue to cleanse com-
plex, non-healing wounds that are known to be
colonised by pathogenic bacteria with sterile saline
unless buckets can be lined with plastic liners to
minimise the risk of cross-infection. Consideration
should always be given to the quality of tap water
used for cleansing so that it does not increase the
risk of infection. This will vary depending on the
environment as even storage tanks of domestic and
health care facilities in developed countries may be
stagnant and contaminated with organisms such as
Legionella. A sensible precaution is to run a tap or
shower for a short time prior to use.

The routine use of antiseptics in wound man-
agement is controversial and is now considered
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inappropriate (Atiyeh et al., 2009). Many authors
now advise against the use of antiseptics on open
wounds due to concerns about toxicity and recom-
mend that they be used in specific circumstances
(Drosou et al., 2003; Wilson et al., 2005; Main, 2008).

Despite cytotoxicity data, most antiseptics have
not been shown to delay healing, especially newer
formulations like cadexomer iodine, polyhexanide
and silver which are an appropriate choice for
hard-to-heal wounds to remove biofilms (Khan and
Naqvi, 2006), although these days they are likely
to be administered as dressings rather than anti-
septic solutions. However, the superiority of one
antiseptic agent over another has not been shown.

Method of cleansing

A systematic review by Fernandez et al. (2004) to
assess the effectiveness of different wound cleans-
ing solutions indicated that there is no difference
in infection or healing rates in wounds cleansed
with tap water or normal saline and found no evi-
dence to support the efficacy of different cleansing
methods such as swabbing or scrubbing. However,
this review concluded that an irrigation pressure
of 13 pounds per square inch (psi) was effective
for cleansing wounds and reducing infection with-
out causing tissue trauma supporting the most fre-
quently cited wound irrigation pressures of 8–15 psi
Halvorson, 2007).

Indiscriminate wound cleansing can damage
fragile new tissue in the wound bed and should
not be performed routinely especially in acute
wounds where exudate is known to promote heal-
ing. Cleansing in any type of wound is only indi-
cated to remove excess exudate or surface contam-
inants or if there are clinical signs of infection.

Controlling bacterial burden: wound
debridement

It is generally believed that that the presence of
necrotic/sloughy tissue disrupts the normal pro-
cess of wound healing by providing the right con-
ditions for bacterial growth although there is lim-
ited data to support this (Bradley et al., 1999).
The removal of adherent, devitalised tissue from
wounds is thought to be essential to reduce the bac-
terial burden of the wound and minimise the risk
of wound infection (see Chapter 6).

Box 5.1 Factors influencing choice of
debridement method

Wound debridement: clinical considerations

� Patient general condition
� Wound aetiology
� Adequate tissue perfusion
� Extent/type of tissue damage
� Wound location
� Wound size
� Exudate production

Wound debridement: practical considerations

� Availability of resources
� Clinician competence
� Cost-effectiveness
� Time available
� Care setting: hospital or community
� Patient preference

There are various ways of debriding wounds and
several factors must be considered when deciding
on the most appropriate method; these are sum-
marised in Box 5.1.

The most common debridement methods are
briefly described below.

Autolytic debridement

Autolytic debridement can be performed at the
bedside using semi-occlusive dressings such as
film dressings, hydrocolloids and hydrogels. These
create a moist wound–dressing interface which
enhances the activity of endogenous proteolytic
enzymes within the wound, liquefying and sep-
arating necrotic tissue from healthy tissue. This
technique is particularly useful if, for technical or
medical reasons, more invasive procedures are not
suitable for the patient.

Enzymatic debridement

Enzymatic agents are popular in some countries
and are derived from either proteolytic enzymes
extracted from bovine plasma or pancreas, fruit
and plants such as papain from papaya or brome-
lain from pineapple or bacterial collagenase derived
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from the Clostridium histolyticum sp. These exoge-
nous enzyme preparations are applied to the
wound bed and are recommended if a hard, dry
eschar is present. Enzymatic preparations are usu-
ally applied to the eschar edge, encouraging it to
separate from the granulation tissue, but penetra-
tion of thick, necrotic tissue can be slow and may
require cross-hatching with a scalpel which needs
to be performed by competent clinicians.

Biosurgical debridement

The use of sterile fly larvae in the treatment of a
range of wounds has become popular in the recent
years. The sheep blowfly Lucilia sericata (Diptera:
Calliphoridae) is the only maggot currently used
for this purpose. The larvae secrete collagenase and
trypsin which liquefies necrotic tissue in wounds
which the maggots then ingest along with microor-
ganisms. The L. sericata maggot has been found to
be effective against Clostridium welchii, methicillin-
resistant Staphylococcus aureus and Pseudomonas
sp. (Courtenay et al., 2000). Larvae secretions also
contain chemicals with inherent antimicrobial
properties, which may help to combat infection
and increase the pH of the wound, which has an
inhibitory effect on bacterial growth (Dumville
et al., 2009). Some patients and carers are averse to
the use of maggots and larvae as they may drown
in deeper, highly exudating wounds. Contraindica-
tions include bleeding wounds due to the potential
risk of blood vessel erosion by larvae enzymes, and
they are not suitable for use in fistulae or wounds
that might connect with vital organs.

Mechanical debridement

Types of mechanical debridement include use
of wet-to-dry gauze dressings, hydrotherapy or
wound irrigation to physically remove tissue from
the wound bed. These techniques are painful but
are common in some clinical environments. Wet-to-
dry gauze uses saline soaked gauze which dries and
adheres to the wound surface facilitating mechan-
ical removal of tissue at dressing change. These
techniques cause pain and carry the risk of damag-
ing healthy tissue. The introduction of a disposable
pad that is moistened and gently rubbed across the
wound bed in a rotational movement to mechani-
cally remove devitalised tissue from the wound sur-
face provides an alternative approach to traditional
mechanical debridement. Initial results are encour-

aging as practitioners can control the amount of tis-
sue rubbed away and stop if the patient experiences
any discomfort.

Sharp debridement

Sharp debridement is the quickest way to remove
necrotic tissue from wounds. This technique
requires advanced skills and must always be per-
formed by a competent practitioner.

Conservative sharp debridement

It is the removal of loose necrotic tissue at the bed-
side and may be performed by a competent health
professional, who has undergone appropriate train-
ing. This technique should not be performed at
home due to the risk of complications, e.g. bleeding
complications. Box 5.2 summarises the contraindi-
cations to conservative sharp debridement.

Surgical debridement

Surgical debridement usually takes place in an
operating theatre environment and should be used
when there is an urgent need to remove devitalised
tissue, e.g. advancing cellulitis or sepsis. There is
increasing evidence that chronic wounds benefit
from aggressive debridement as senescent cells,
which slow down the tissue repair process, are
removed together with necrotic tissue and bacteria
converting a chronic wound into an acute one

Box 5.2 Contraindications to conservative
sharp debridement
� Lack of access to sterile surgical instruments;
� Densely adherent necrotic tissue; interface between

viable and non-viable tissue cannot be clearly identi-
fied;

� Friable wounds with an increased tendency of haem-
orrhage, e.g. fungating wounds;

� Impaired clotting mechanism (anticoagulant or anti-
platelet medications);

� Increased risk of bleeding, e.g. deep pressure ulcers;
� Risk of anatomical hazards (tendons, nerves, blood

vessels), e.g. wounds on hands, feet;
� Risk of ischemia: insufficient tissue oxygenation to sup-

port wound healing, e.g. diabetic foot ulcer, patient
receiving palliative care.
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(Schultz et al., 2003). It should be noted that
following surgical or sharp debridement of larger
chronic wounds there may be a short-term bacter-
aemia which may justify administration of antibi-
otic prophylaxis to prevent sepsis and septic shock.

Despite these advantages, pain caused by sharp
debridement and the risk of bleeding and damage
to associated structures, e.g. tendons, must be care-
fully considered. Sharp debridement is contraindi-
cated if tissue perfusion is limited and should be
only performed by a suitably trained practitioner.

Hydrosurgical debridement

This method of debridement uses either pressurised
water or saline as a precise fluid dissector of devi-
talised tissue. The pressure is controlled via a hand-
set so that the jet of fluid both cuts and removes
tissue whilst irrigating the wound. The technique
is quick and can be used in ward, clinic areas or in
theatre and should only be used by a trained clin-
ician. A study by Mosti et al. (2005) demonstrated
improved healing rates and decreased hospital stay
in patients with hard-to-heal leg ulcers when com-
pared to debridement with moist wound dressing
controls. Most wounds were adequately debrided
with a single application. In trained hands, it is an
effective alternative to sharp debridement.

Ultrasound (acoustic pressure
wound therapy)

Two low-frequency ultrasound debridement tech-
niques exist for use with hard-to-heal wounds. Both
have different modes of application. One uses a
low-energy, low-intensity ultrasound to the wound
bed through a continuous saline mist which trans-
mits ultrasonic energy to the wound bed to stim-
ulate healing by the removal of slough, exudate
and bacteria. The other uses a single-use ultra-
sound probe, which combines a cleansing system
that removes devitalised tissue and bacteria from
the wound surface. Results for both systems are
reported to be immediate and effective (Cole et al.,
2009; Haan and Lucich, 2009), although appraisal of
the current evidence base, like so many wound ther-
apies, indicates that the quality of the evidence is
insufficient to recommend routine use (NICE, 2011).

In addition to clinical factors previously dis-
cussed, there are other practical considerations to
be taken into account when debriding a wound.

The availability of resources is determined by the
care environment. Access to team members who
possess the appropriate technical skills is an impor-
tant consideration and may be restricted in the com-
munity setting where the use of more conservative
debridement methods may be more realistic. The
advantages and limitations of the different types of
wound debridement are listed in Table 5.1.

However, the length of time taken to achieve
debridement is an important variable when con-
sidering the overall cost-effectiveness of treatment.
The patient’s wishes should be of primary concern
when deciding how best to remove devitalised tis-
sue as co-operation with treatment obviously influ-
ences the final outcome.

Regulating moisture balance

Chronic wound fluid is known to have a detri-
mental effect on healing outcomes and has been
described as a ‘corrosive biological fluid’ (Bishop
et al., 2003). Chronic wounds are often associated
with copious exudate which causes leakage, skin
problems, electrolyte imbalance, infection, odour
and psychological problems. On the other hand,
minimal exudate delays autolytic debridement,
inhibits epithelialisation and causes pain on dress-
ing removal. One of the essential principles of
wound management is to maintain moisture bal-
ance at the wound–dressing interface whilst avoid-
ing desiccation and maceration of the wound or
periwound skin. The surface of the skin does not
tolerate excess moisture and barrier function is soon
impaired which may result in pressure damage or
incontinence-associated dermatitis as the stratum
corneum breaks down (see Chapter 2).

Wound dressings have always been the first-line
management option for controlling moisture bal-
ance in wounds although new technologies offer
the clinician a variety of alternatives, e.g. NPWT.
The use of indirect fluid handling strategies such as
compression therapy, wound drainage and use of
barrier products to protect the skin are an important
adjunct to wound dressings.

It is important that whichever treatment modal-
ity is used to regulate moisture balance, it should
maintain a relatively constant level of moisture at
the wound–dressing interface and absorb excess
exudate so that wound fluid does not have pro-
longed contact with the skin and the potential to
do damage. One of the most important consid-
erations when selecting a dressing is to establish
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Table 5.1 Advantages and limitations of different types of wound debridement

Autolytic Surgical
Conservative
sharp Mechanical Enzyme Larvae Hydrotherapy Ultrasound

Selective debridement × Depends
on product

Expensive × × × ×
Time-consuming × × × × ×
Easy to perform × × ×
Requires advanced
skills

× × ×

May cause trauma in
healthy tissues

× ×

May cause
pain/discomfort

× × × × ×

May cause
inflammation/sepsis

× × ×

May require analgesia/
anaesthetic

× × × × ×

May require secondary
dressing

the type, viscosity and volume of wound fluid
being produced as dressing choice is dependent
on its absorbent capacity. Once saturated, leakage
increases the risk of infection and may cause skin
damage and wound deterioration. Dressing mate-
rials vary greatly in their fluid-handling capacity,
so it is important to understand how different
dressing materials function in order to make an
appropriate choice.

Wound dressings

This section will provide a summary of generic
dressing types and provide broad indications for
use. As many of the dressing products reviewed
have been established for a long time, there are
comparatively few large, well-randomised studies
to support their use (Thomas, 2010). A Cochrane
review found insufficient evidence ‘that any one
dressing speeds up healing of surgical wounds
healing by secondary intention more than another’
as the published data consist of small, poor-quality
studies (Vermeulen et al., 2004) and is consistent
with other systematic reviews (Chaby et al., 2007;
MeReC Bulletin, 2010).

The information provided about dressing use is
not intended as a detailed guide. The reader is
advised to follow local recommendations together
with manufacturer’s guidelines for use of specific

dressing products. Further guidance on dressing
selection for specific wound types such as fungat-
ing wounds can be found in the relevant chapter
under the heading: Wound Dressings: special consid-
erations.

Dressing selection

There are many factors that influence the choice of
dressings and wound treatments. Personal experi-
ence and the influence of colleagues continue to be
a dominant influence when choosing wound dress-
ings. Many practitioners still rely on a small range
of treatment approaches with which they have had
good results in the past. Traditional knowledge and
practice successfully pass down through genera-
tions of practitioners and can perpetuate poor prac-
tice and myths (Flanagan, 2005). Although aware
of a growing evidence base in relation to wound
management, some clinicians consider this to be
irrelevant to clinical practice.

The choice of dressing product for optimal
wound management is not straightforward and
should be based on a consideration of the patient
and the local wound environment. There are many
interrelated factors that influence the selection of
wound dressings (Figure 5.2). Use of a framework
such as the WBP model (Sibbald et al., 2000; Schultz
et al., 2003) can help clinical decisions in relation
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Dressings
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condition
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Knowledge
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Knowledge

Preference

Previous experience

Dexterity/mobility

Cost effectiveness

Ease of use  
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Care environment

Supports change

Cohesive multi-

disciplinary team 

Standardisation of 
best practice 

Figure 5.2 Factors influencing selection of wound dressings.

to dressing choice as it helps prioritise the aims
of treatment and establish the primary function of
dressing products.

The selection of wound dressings has become
more complicated as different types of products
become available. It is important to understand
how each dressing product works and its specific
indications for use. Some dressing combinations
can be detrimental to wound healing. For exam-
ple, an absorptive secondary foam dressing may
remove the moisture from a hydrogel and dehy-
drate the wound bed.

The characteristics of the ideal dressing were
identified many years ago by Scales (1956) and
Turner (1985) and more recently by Leaper (2006)
which manufacturers have been trying to emulate
ever since (Box 5.3). Over the years, there has been
a gradual recognition that patient-centred concerns
are important to improve adherence with treatment

and reflect the criteria that clinicians consider as the
ideal dressing.

The ideal dressing has yet to be developed; so
each year as more products are launched into an
already crowded market, the choice of dressings
becomes more confusing. Despite the development
of numerous dressing formularies, protocols and
logarithms, dressing selection can be difficult.

Types of wound dressings

Advances in technology mean that today different
dressing products have specific indications for use.
Choice of the wrong dressing for the particular con-
ditions in the wound may result in ineffective treat-
ment and wound deterioration.

Dressings are often classified in generic groups
according to their function, although this is contin-
ually evolving and is subject to change. They can
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Box 5.3 Characteristics of an ideal dressing
(patient and clinician criteria)

Clinician criteria Patient criteria

Barrier to external
contaminants

Prevents infection

High moisture vapour
permeability

Minimises risk of skin
damage

Create a moist
wound–dressing
interface

Reduces pain between
dressing changes

High absorbing capacity Controls exudate
leakage

Promotes autolytic
debridement

Reduces risk of infection

Ability to thermally
insulate wound

Comfortable to wear

Non-sensitising and
non-toxic

Minimises skin irritation

Eliminates dead space Speeds up healing

Good adhesion to
surrounding skin

Extended wear times

Non-adherence at
wound surface

Pain-free dressing
change

Cost-effective Value for money

Conformable to body
contours

Discreet and easy to use

Source: Data from Scales (1956), Turner (1985) and Leaper (2006).

be divided into two broad groups (Weller and Suss-
man, 2006):

� Passive inert products
� Absorbing
� Non-absorbing

� Interactive products
� Absorbing
� Non-absorbing
� Moisture donating

Passive inert dressings

For hundreds of years, most dressings were passive
wound coverings such as lint and gauze and met
few of the requirements of an ideal dressing. These

traditional products are not the dressing of choice
as a primary wound contact layer but may be
useful as secondary dressings. They have limited
use in superficial wounds with low exudate as they
may adhere to the wound surface and be painful
to remove.

Advances in technology have produced modern
inert dressings which incorporate relatively inex-
pensive low-adherent, highly absorbent materials
that can be used either as primary or secondary
dressings in moderate to highly exudating wounds.

Passive inert absorbent dressings

The properties of products in this group vary signif-
icantly and range from simple absorbent dressings
which retain fluid until pressure is applied to newer
superabsorbent cellulose and polymer dressings
with advanced fluid-retention properties allowing
for extended wear time. Technological advances in
wound contact materials have allowed this group
of dressings to improve but they should be consid-
ered as low adherent rather than non-adherent and
may cause trauma on removal especially in drier
wound environments.

Absorbent passive inert dressings:

� are permeable to bacteria;
� have varying absorbent capacity;
� may require a secondary dressing;
� may dry out the wound surface;
� causing trauma on removal;
� are available in various formulations:

� adhesive/non-adhesive;
� low profile (thin) – improved flexibility for

difficult-to-dress areas.

Indications for use Contraindication

Moderate to highly
exudating wounds

Take care under
compression therapy to
prevent adherence in drier
wounds

Wide range of wound types
including those healing by
primary intention, e.g.
post-operative wounds

May allow exudate to be
in prolonged contact with
skin under compression
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Passive inert non-absorbent dressings

Paraffin gauze (tulle) dressings are non-absorbent
passive inert dressings that were developed in
1915 during the First World War (Thomas, 2010).
They provide a waterproof layer of paraffin across
the wound surface which may lead to maceration
as transepidermal water loss (TEWL) is restricted.
Today, there are modern alternatives comprising
tightly meshed, synthetic materials that allow
moisture evaporation and reduce the risk of skin
maceration.

Non-absorbent passive inert dressings:

� are permeable to bacteria;
� causing trauma on removal;
� require a secondary dressing;
� require frequent changing;
� may adhere to the wound;
� are available in various formulations:

� combined with topical antimicrobials, e.g.
silver.

Indications for use Contraindication

Clean wounds Infected wounds

Superficial wounds Extensive tissue loss/sinus

Low exudating wounds Moderate-to-high exudating
wounds

Interactive dressings

Interactive dressings modify the local wound envi-
ronment to promote moisture balance by absorbing
and/or retaining wound exudate. The first moist
interactive dressings were polyurethane films that
were used in Winter’s seminal study on moist
wound healing (Winter, 1962). Following the devel-
opment of polyurethane film dressings, a number of
more absorbent moist wound dressings were devel-
oped and a plethora of products emerged in the
1990s including hydrocolloids, foams, alginates and
hydrogels.

Non-absorbent interactive dressings

Polyurethane film dressings

These consist of a thin, polyurethane membrane
coated with a layer of acrylic adhesive and were

introduced as wound dressings in the early 1970s
(Thomas, 2010). Film dressings adhere to the sur-
rounding skin and trap moisture at the wound sur-
face. They can be used as either a primary or sec-
ondary wound contact layer and are popular as
a secondary dressing to retain amorphous hydro-
gels at the wound–dressing interface to promote
autolytic debridement of eschar or slough. Film
dressings provide some pain relief by preventing
dehydration and bathing exposed nerve endings in
wound fluid. Strong adhesive bonds in film dress-
ings may cause skin damage on removal, unless
the adhesive bond is weakened by stretching the
dressing laterally and parallel to the wound surface
before trying to remove it.

Polyurethane film dressings:
� are impermeable to bacteria;
� are gas/water vapour permeable;
� create a moist wound–dressing interface;
� do not absorb moisture;
� may adhere to the wound, causing trauma on

removal;
� are conformable and flexible;
� provide pain relief;
� are transparent;
� are available in various formulations:

� combined with an absorbent pad with low-
adherent wound contact layer;

� combined with topical antimicrobials, e.g.
silver.

Indications for use Contraindication

Clean wounds Infected wounds

Superficial wounds Extensive tissue
loss/sinus

Low exudating wounds Highly exudating
wounds

Prevention of friction/shear
over high-risk sites, e.g. heels

Fragile/compromised
periwound skin

Retention of cannula/drains
or protection around
catheters and PEG sites

Useful secondary dressing
over alginates or hydrogels

Silicone/polyurethane wound contact materials

Silicone or polyurethane products gently adhere to
the wound and surrounding skin but are designed
to minimise trauma on removal. Soft silicone
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dressings rely on a hydrophobic soft silicone layer
that is tacky to touch but prevents the dressing from
adhering to the wound surface by maintaining con-
tact without causing friction and shear. This type of
primary wound contact layers are not absorbent but
allow exudate to pass into a moisture-retentive sec-
ondary dressing. They have been proven to reduce
wound pain (Dykes et al., 2001; White and Mor-
ris, 2009) and are particularly useful for superficial
wounds where there is a loss of epidermis, e.g. blis-
tering diseases, burn wounds.

Silicone gel sheets are thicker and do not require
a secondary dressing. They are designed to be
applied over healed scars and should be worn con-
tinuously to help soften and flatten scar tissue.
There is growing evidence that silicone gel sheet
dressings are effective on both hypertrophic scars
and minor keloid scars, although the mode of action
is not fully understood (Mustoe et al., 2002). These
dressings have similar adhesive properties as sili-
cone primary wound contact layers and are tacky
but do not leave an adhesive residue, so they can be
lifted from the skin and repositioned without losing
their adherent properties.

Silicone/polyurethane wound contact layers are:

� waterproof;
� do not absorb moisture;
� minimise pain at dressing change;
� conform well to body contours without leaving

adhesive residues on skin;
� soften and flatten scar tissue;
� available in various formulations:

� wound contact layer: allows free passage of
exudate into secondary dressing;

� silicone gel sheeting: used on healed
wounds.

Indications for use: wound
contact layers Contraindication

Wide range of low to highly
exudating wounds

Patients with a known
allergy to silicone

Skin graft fixation Bleeding wounds

Wounds with epidermal loss,
e.g. abrasions, blisters,
epidermolysis bullosa (EB), skin
tears, superficial pressure ulcers,
partial thickness burns

Fragile periwound skin, e.g. skin
tears

Indications for use: silicone gel
sheeting Contraindications

Healed wounds with raised or
hypertrophic scars

Patients with a known
allergy to silicone

Open wounds

Absorbent interactive dressings

Alginate dressings

Alginate dressings increased in popularly in the
early 1980s due to their superior absorbency com-
pared to other dressings available at the time.
They are derived from calcium or sodium/calcium
salts of alginic acid, composed of mannuronic and
guluronic acids obtained from seaweed (Piacqua-
dio and Nelson, 1992). On contact with wound
fluid, sodium salts in the exudate exchange with
the calcium in the alginate dressing to form a soft
hydrophilic gel which maintains a moist environ-
ment at the wound surface. Alginates absorb exu-
date laterally into their fibres to transform into a
soft gel, but if they become supersaturated they
may cause maceration of the periwound skin so
they should be cut to the shape of the wound. A
transient burning sensation may be felt if alginates
are applied to dry wounds and sometimes adhere
to drier areas of the wound and should be loosened
by irrigating with normal saline.

The calcium–sodium ion exchange at the wound
surface allows calcium ions to be released into the
wound. As calcium is a normal part of the coag-
ulation response, this release of calcium assists in
haemostasis (Segal et al., 1998). There is increasing
evidence to suggest that alginates are clinically ben-
eficial as a haemostat to stop bleeding in a variety of
wounds including donor sites and tooth extraction
(O’Donoghue et al., 1997; Kaneda et al., 2008).

Alginate dressings:

� are highly absorbent;
� form a non-adherent gel in exuding wounds;
� create a moist wound–dressing interface;
� promote autolytic debridement in moist

wounds;
� may assist control minor bleeding;
� may provide pain relief;
� are easily removed from exuding wounds;
� may adhere to dry wounds;
� are conformable and flexible;
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� usually require a secondary dressing;
� are available in various formulations:

� flat sheets;
� packing rope for cavities/sinus;
� combined with silver to increase antimicro-

bial activity;
� combined with charcoal to reduce odour.

Indications for use Contraindication

Infected wounds or
wounds with increased risk
of infection

Wounds with dry eschar

Flat, cavity wounds and
sinus

Moderate to heavily
exudating wounds

Dry wounds

Bleeding wounds, e.g.
donor sites

Suitable for irregular-
shaped wounds, e.g.
malignant wounds, sinus
cavities

Do not tightly pack narrow
sinus as alginate will
expand when absorbing
exudate

Hydrocolloid dressings

Hydrocolloid technology was first used for wounds
in the 1980s. Hydrocolloids consist of an adhesive
rubber matrix containing a gel-forming colloidal
suspension such as sodium carboxymethyl cellu-
lose or gelatine, containing fluid-absorbing parti-
cles (Thomas, 2008). By the 1990s, new presenta-
tions were introduced and today, approximately 45
different hydrocolloids are available. All look sim-
ilar and have the same clinical indications, despite
minor differences in structure and composition.

Hydrocolloids:

� are impermeable to bacteria;
� are impermeable to gas/water vapour;
� create a moist wound–dressing interface;
� absorb low-to-moderate levels of exudate;
� promote autolytic debridement;
� are conformable and flexible;
� provide pain relief;
� are available in various formulations:

� paste (increased absorbency for small
cavities/sinus);

� powder (increased absorbency);
� shaped sacral or heel dressings;

� thin – improved flexibility for difficult-to-
dress areas;

� combined with silver – increased antimicro-
bial activity.

Indications for use Contraindication

Clean wounds Infected or excessively
sloughy wounds due to
increased exudate
production

Flat, smaller cavities and
sinus

Cavities with extensive
tissue loss

Low to moderate exudating
wounds

Highly exudating wounds

Removal of hard eschar Over-granulating wounds

Protection of periwound
skin

Fragile/compromised
periwound skin

Securing nasal tubes and
drains

Hydrofibre dressings (gelling fibres)

The first hydrofibre dressing was launched in 1997
and they are popular due to their ability to absorb
high levels of wound exudate. A new category of
dressings was created and the name ‘hydrofibre’
trademarked. As similar dressings cannot refer to
themselves as hydrofibres, this dressing category
may become renamed gelling fibres. A hydrofibre
is a soft, sterile, non-woven pad or ribbon dress-
ing composed of sodium carboxymethylcellulose
which absorbs wound fluid and transforms into
a soft gel (Queen, 1992). Hydrofibres and alginate
dressings are sometimes confused as they look and
perform in a similar way and share the same clinical
indications.

Hydrofibre dressings:

� are absorbent;
� form a non-adherent gel in exuding wounds;
� create a moist wound–dressing interface;
� promote autolytic debridement in moist

wounds;
� are conformable and flexible;
� are available in various formulations:

� flat sheets;
� packing rope for cavities/sinus;
� combined with silver to increase antimicro-

bial activity.



78 Wound Healing and Skin Integrity

Indications for use Contraindication

Infected wounds or wounds with
increased risk of infection

Wounds with dry
eschar

Flat, cavity wounds and sinus

Moderate to heavily exudating
wounds

Dry wounds

Hydrogels

Hydrogels are a group of complex insoluble poly-
mers with a high water content between 30% and
90%. They are available as amorphous gels or in a
flat sheet form consisting of a cross-linked polymer
and water held in a backing sheet. Reformulation
of second-generation hydrogels has improved their
ability to absorb wound fluid as well as rehydrate
dry tissue. Hydrogels are most frequently used to
promote autolytic debridement of sloughy wounds
or those with a dry necrotic eschar and can be used
in a variety of clinical situations without harming
granulation tissue.

Hydrogels:

� absorb moderate amounts of wound exudate;
� rehydrates dry tissue;
� promote autolytic debridement;
� create a moist wound–dressing interface;
� have a cooling/soothing effect;
� are easily removed;
� are conformable and flexible;
� are available in various formulations:

� flat sheets;
� amorphous hydrogels for cavities/sinus

(required secondary dressing);
� combined with silver to increase antimicro-

bial activity.

Indications for use Contraindication

Suitable for all stages of
wound healing

Dry wounds require an
semi-occlusive secondary
dressing

Wounds with increased
risk of infection

Contraindicated where
anaerobic infection is
suspected as hydrogels can
support the growth of
microorganisms Excess
exudate may cause leakage

Indications for use Contraindication

Sloughy wounds or those
with dry necrotic tissue

Should not be used with
absorbent secondary
dressings, e.g.
polyurethane foams,
hydrofibres, alginates

Wide range of low to
moderately exuding lesions
including rehydration of
excoriated skin, small
burns

Effectiveness of amorphous
hydrogels limited under
compression therapy

Protease modulating dressings

Elevated protease activity in chronic wounds is
known to delay healing (Trengove et al., 1999).
Dressing products composed of collagen and
oxidised regenerated cellulose (ORC) have been
designed to control proteolytic activity by absorb-
ing wound fluid and trapping proteases within
their structure to render them inactive (Cullen et al.,
2004; Smeets et al., 2008). On contract with exudate,
the dressing forms a soft biodegradable gel which
binds with growth factors protecting them from
degradation by MMPs. As protease-modulating
dressings correct a specific biochemical imbalance
in wounds, they are not suitable for routine use in
non-healing wounds.

MMP modulating dressings:

� are absorbent;
� form a non-adherent gel in exuding wounds;
� create a moist wound–dressing interface;
� may assist control minor bleeding;
� are easily removed from exuding wounds;
� may adhere to dry wounds;
� usually require a secondary dressing.

Indications for use Contraindication

Suitable for clean, chronic
non-healing wounds

Wounds covered with a
dry eschar or scab;
infected wounds

Can be used in conjunction
with compression therapy

Dry wounds require
dressing to be moistened
with saline prior to
application

Known hypersensitivity to
either ORC or collagen
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Polyurethane foam dressings

These are soft, open-celled, polyurethane dressings
that may be single or multiple layered. They are
low adherent, highly absorbent and provide ther-
mal insulation to the wound and became popular
in the 1980s due to the introduction of hydrophilic
polyurethane materials (Thomas, 2010). Most have
an outer semi-permeable membrane that allows
fluid to pass into the insulating foam. Foam dress-
ings may adhere to the wound bed if exudate is low
under compression therapy (Malone, 1987).

Polyurethane foam dressings:
� are impermeable to bacteria;
� are waterproof;
� are gas/water vapour permeable;
� create a moist wound–dressing interface;
� are highly absorbent;
� reduce risk of maceration;
� are thermally insulating;
� may adhere to dry wounds or fragile skin;
� are available in various formulations:

� adhesive/non-adhesive;
� shaped cavity devices for cavity wounds;
� shaped sacral or heel dressings;
� thin – improved flexibility for difficult-to-

dress areas;
� combined with silver or PHMB to increase

antimicrobial activity;
� combined with charcoal to reduce odour.

Indications for use Contraindication

Wide range of wound
types/clinical environments

Do not conform well to
irregular convex wounds,
e.g. tumours

Infected wounds or
wounds with increased risk
of infection

Moderate to heavily
exudating wounds

Dry wounds or those with
minimal exudate

Can be used under
compression therapy

Take care under
compression therapy to
prevent adherence in drier
wounds

Antibacterial dressings

The application of a topical antimicrobial dressing is
one method of reducing the bioburden in critically
colonised or infected wounds. Identifying critical

colonisation is not easy but may be indicated by
an increase in slough (which is not responsive to
standard debridement techniques), malodour and
a delay in healing in a wound despite appropriate
treatment. Newer slow-release antimicrobial dress-
ings enable control of resistant microbial species
such as MRSA and vancomycin-resistant entero-
cocci and have low toxicity and are less likely to
induce resistance than antibiotics (Parsons et al.,
2005) (see Chapter 6). However, dressings contain-
ing antimicrobials should not be routinely applied
to wounds just in case.

Cadexomer iodine dressings

Cadexomer iodine was developed in the 1980s and
consists of cadexomer polysaccharide polymer and
iodine (0.9%). These products are applied directly to
the wound surface so that wound exudate combines
with the polymer and is absorbed as iodine is slowly
released. They form a gel as they absorb fluid and
release iodine into the tissues at a low concentration
which is non-toxic.

Cadexomer iodine dressings:

� are effective against bacterial, protozoal and
fungal infections;

� are highly absorbent;
� create a moist wound–dressing interface;
� promote autolytic debridement;
� are conformable and flexible;
� may require a secondary dressing;
� are available in various formulations:

� flat sheets;
� paste for cavities/sinus;
� ointment paste.

Indications for use Contraindication

Critically colonised or
infected wounds including:

Known sensitivity to iodine
Thyroid disease (caution)

Moderate to highly exuding
wounds

Pregnancy/lactating women
Children under 6 months

Flat, cavity wounds and
sinus

Do not exceed 3 months
continuous use (risk of
systemic absorption)

Maximum single
application: 50 g

Maximum weekly
application: 150 g
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Honey dressings

Honey has been used in wounds since ancient times
but medical-grade honey dressing was developed
in the late 1990s. Honey has a broad spectrum of
activity against bacteria, including MRSA and VRE
(Cooper and Jenkin, 2012). Antimicrobial activity is
thought to be due to a number of factors includ-
ing the ability of honey to produce low levels of
hydrogen peroxide in the wound, the provision of
an acidic wound environment (pH 3) and sugar
molecules bind to water molecules removing the
bacterial food source.

Medical-grade honey dressings:

� are antimicrobial;
� reduce wound odour;
� absorb low-to-moderate exudate;
� promote autolytic debridement;
� are effective debriding agents;
� create a moist wound–dressing interface;
� are conformable and flexible;
� are sometimes associated with localised pain;
� require no secondary dressing;
� are available in various formulations:

� sheets;
� paste (increased absorbency for small cavi-

ties/sinus);
� ointment;
� combined with alginates (increased

absorbency for cavities/sinus).

Indications for use Contraindication

Critically colonised or
infected wounds including:

Patients with known allergy
to bee stings

Low to moderate exudating
wounds

Highly exudating wounds:
potential for maceration

Appropriate for use in
diabetic patients; no need
for increased frequency of
blood sugar monitoring

May cause stinging
sensation, if so,
discontinue

Silver dressings

A variety of antimicrobial dressings containing sil-
ver are available for clinical use. However, the sil-
ver content and physical and chemical properties
of these dressings vary greatly. A study compar-
ing in vitro antibacterial activity of seven widely

available silver dressings against S. aureus and Pseu-
domonas aeruginosa demonstrated that silver con-
tent and the rate of silver release did not correlate
with antibacterial efficacy (Parsons et al., 2005). This
study showed that specific silver dressings have dif-
ferent antibacterial and fluid-handling properties
that make them more or less appropriate for dif-
ferent clinical indications highlighting the need to
select dressings based on overall performance char-
acteristics rather than silver content and ability to
release silver alone.

However, a Cochrane review evaluating effi-
cacy of silver dressings (mostly in burn patients)
reported that because most studies were small and
of poor quality there was insufficient evidence to
support the use of silver dressings as they did not
demonstrate improved wound healing or prevent
wound infection (Storm-Versloot et al., 2010). These
results are consistent with findings from a recent
Canadian Health Technology Assessment (Cana-
dian Agency for Drugs Technologies in Health,
2010) and a British Drugs and Therapeutics Review
(Iheanacho, 2010).

Silver dressings:

� are effective against bacterial and fungal infec-
tions;

� have variable fluid-retention properties;
� create a moist wound–dressing interface;
� are conformable and flexible;
� may require a secondary dressing;
� are available in various formulations:

� flat sheets;
� combined with hydrogels, alginates, hydro-

fibre for increased absorbency.

Indications for use Contraindication

Critically colonised or
infected wounds including:

Use with caution in
pregnant or lactating
women or children

Use with caution in
patients with hepatic and
renal impairment

Flat, cavity wounds and
sinus

Discontinue and
re-evaluate after 2 weeks if
no improvement

Low to moderate exudating
wounds

Dry wounds/wounds
covered with eschar
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Polyhexamethylene biguanide (PHMB)

Although the antimicrobial PHMB has been used in
healthcare for many years, it has only recently been
introduced into wound management. Relatively
few dressing products contain PHMB, but those
that do are currently either low–absorbent, per-
forated, plastic film-faced dressings, foam-based
dressings or a biosynthetic cellulose fibre dressing
impregnated with PHM (Gray, 2010).

PHMB is recommended for use in critically
colonised and locally infected acute and chronic
wounds as it has a proven broad antimicrobial
action (Wright et al., 2003; Kaehn, 2009; Hubner
and Kramer 2010; Dissemond et al., 2011) and is
effective against biofilms and fibrin (Gray, 2010).

PHMB dressings:
� are effective against bacterial and fungal infec-

tions;
� have a sustained effect;
� have no reports of bacterial resistance to date;
� are conformable and flexible;
� may require a secondary dressing.

Indications for use Contraindication

Critically colonised or
infected wounds including:

During the first 4 months
of pregnancy (thereafter,
with caution)

Do not use in joint spaces
or if any part of the central
nervous system exposed
due to potential toxicity

In patients allergic to
PHMB

Flat, cavity wounds and
sinus

Discontinue and
re-evaluate after 2 weeks if
no improvement

Low to moderate exudating
wounds

Dry wounds/wounds
covered with eschar

Practice point

Has gauze got any place in modern wound
management?

Gauze should not be used as a primary wound contact
layer as it dehydrates the wound bed and dries out to form
a hard mass that causes trauma to newly formed granula-
tion tissue and fresh bleeding when removed (Foster and
Moore, 1997). Gauze products are not waterproof and do

not provide an effective barrier to invading microorgan-
isms. The pain associated with removal of gauze dressings
and packing materials increases patient distress and anxi-
ety and is unnecessary (Moffatt et al., 2005). A Cochrane
review concluded that foam dressings are a good alter-
native to gauze in terms of pain reduction, patient sat-
isfaction and savings in nursing time (Vermeulen et al.,
2004). A primary contact dressing with a low-adherent
surface should always be used to protect the wound sur-
face. There are many examples of these types of prod-
ucts such as knitted viscose primary dressings, capillary
action absorbent dressings and superabsorbent cellulose
and polymer dressings. This advice does not relate to
gauze used in topical negative pressure therapy systems.

Selection of wound dressings is a complex activ-
ity requiring a range of skills that include match-
ing local conditions at the wound bed to the most
appropriate dressing and a critical understanding
of the principles of dressing management and the
evidence supporting manufacturers’ claims. The
principles of dressing management are summarised
in Table 5.2.

Other important considerations are the need
to meet dressing formulary and reimbursement
requirements whilst addressing patient-centred
concerns.

Negative Pressure Wound Therapy

In the past 15 years, NPWT has become established
as a popular method of regulating moisture bal-
ance and controlling bacterial burden within open
wounds such as traumatic wounds, open abdomi-
nal wounds and complex diabetic wounds. As clin-
ical experience is growing, NPWT is being used in
an increasingly diverse range of wound aetiologies
and has in some centres replaced dressings as the
modality of choice for the management of some
complex wounds such as military wounds (Jeffrey,
2009).

NPWT systems promote healing in open wounds
by removing wound exudate, and bacteria by cre-
ating a vacuum (negative pressure) at the wound
site. NPWT is thought to promote wound heal-
ing by stimulating wound contraction and blood
flow at the wound edge, improving interstitial fluid
flow, wound perfusion, protease profiles, growth
factor and cytokine expression leading to improved
wound healing (Morykwas et al., 2006).
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Table 5.2 Principles of dressings management

Principle Source

Assess the wound at every dressing change and confirm the appropriateness of
the current dressing regimen

Pressure Ulcer Treatment A Quick
Reference Guide EPUAP/NAPUAP (2009)

There is no evidence that any one dressing or topical agent speeds up the
healing of open wounds healing by secondary intention more than another

Vermeulen et al. (2004)

Evaluate the ability of the dressing to provide a moist but not macerated
wound bed at each dressing change and modify dressing regime accordingly

World Union of Wound Healing Societies
(2007)

Pressure Ulcer Treatment: A Quick
Reference Guide EPUAP/NAPUAP (2009)

Gauze should be used with caution on wounds healing by secondary intention NICE (2008) Surgical Site Infection

EPUAP/NAPUAP l

There is no robust clinical evidence that antimicrobial dressings are more
effective than non-medicated dressings for the prevention or treatment of
wound infection

Vermeulen et al. (2004)

MeReC Bulletin (2010)

Reconsider dressing choice if soaking is required for removal or removal
causes bleeding/trauma

World Union of Wound Healing Societies
(2004)

Select dressings with the ability to stay in place for longer periods to maximise
wear time

World Union of Wound Healing Societies
(2004)

Follow manufacturer’s recommendations All of the above

NPWT systems consist of a pump that generates
a vacuum capable of creating a negative pressure
environment within a sealed wound together with
dressing materials that fill the wound and create a
seal, tubing that drains fluid from the wound and a
canister to collect the drainage. There is currently a
choice of wound fillers: gauze or a foam dressing,
which allows equal distribution of negative pres-
sure across the wound bed and both have been
shown to be as effective as each other (Malmsjö and
Borgquist, 2010).

NPWT devices have two suction settings: contin-
uous and intermittent. Continuous suction is the
most frequently used and is appropriate for highly
exudating wounds. The intermittent setting may
be used once the amount of wound exudate dimin-
ishes (Malmsjö and Borgquist, 2010).

Although rare, complications arising from the use
of NPWT have been reported, especially in long-
term healthcare facilities and at home (FDA, 2009).
Box 5.4 lists the contraindications for NPWT and
Box 5.5 lists the factors that should be considered
before using NPWT.

The patient’s condition, wound status, location
and co-morbidities should be evaluated frequently
in an appropriate care setting. The use of NPWT
should be supervised by a suitable trained clinician,
and application particularity in complex wounds
requires manual dexterity.

Box 5.4 Contraindications for NPWT
� Necrotic tissue with hard eschar or thick slough;
� Untreated osteomyelitis;
� Malignancy in the wound;
� Exposed vasculature or nerves;
� Non-enteric and unexplored fistulas;
� Exposed anastomotic site;
� Exposed organs.

See http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/
PublicHealthNotifications/ucm190658.htm for the FDA list of
contraindications and risk factors.

Practice point

Complications of NPWT include bleeding and infection
and may be associated with retained dressing fragments or
removal of tissue during dressing change. To help reduce
these risks remember the following tips:

� The number of dressing pieces placed in the wound
should be carefully monitored.

� Avoid cutting the dressing directly over the wound to
prevent dressing fragments falling into the wound.

� Resume NPWT as soon as possible after moving a
patient to the home or another care facility so the
wound stays moist.

� Do not overfill the wound or compress the foam to
reduce the risk of tissue damage on removal or vaso-
constriction at the wound–dressing interface.

http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/ucm190658.htm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/ucm190658.htm
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Box 5.5 Risk factors to consider before
selecting NPWT
� High risk of bleeding and haemorrhage (including anti-

coagulants)
� Patients with:

� fragile blood vessels, nerves, tendons and liga-
ments;

� vascular anastomosis;
� infected wounds;
� osteomyelitis;
� exposed organs;
� sharp edges in the wound (i.e. bone fragments);
� spinal cord injury (stimulation of sympathetic ner-

vous system);
� enteric fistulas.

� Mode of therapy – intermittent versus continuous neg-
ative pressure

See http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/
PublicHealthNotifications/ucm190658.htm for the FDA list of
contraindications and risk factors.

The development of portable NPWT devices
means that some patients may be considered suit-
able for use of the NPWT system at home. In these
circumstances, it is important to teach the patient
and caregiver about how to use the system, poten-
tial complications and what to do if complications
occur and educational resources are available from
the system manufacturers to facilitate this.

NPWT should be discontinued once the wound
size has diminished, exudate levels fall and granu-
lation tissue has filled the wound bed as at this point
an alternative treatment modality should become
more suitable.

No one treatment modality is suitable for the
management of all types of wound, and very
few can cope with conditions in the wound bed
throughout all stages of healing. It is therefore
appropriate to choose the most cost-effective treat-
ment that meets the requirements of the wound and
its stage of healing unless use of a specific treatment
can be justified on clinical grounds.

Summary

Strategies that optimise the process of tissue repair
have evolved as our knowledge and understand-
ing of wound healing has increased. This chap-
ter has shown that technological advances now
offer clinicians a bewildering choice of wound treat-
ments that sometimes lead to ineffective decision-
making without a clear rationale to underpin

practice. The number of clinical guidelines for
chronic wound management is growing and is now
accessible via the Internet (EPUAP, 2009; AWMA,
2010) and demonstrates a growing consensus on the
principles of wound management that help clini-
cians disseminate best practice.

The poor quality of evidence and uncertainty
about effectiveness of advanced treatment modali-
ties compared to standard care means that for the
time being the case for routine adoption of these
therapies cannot be supported, although they are
likely to offer benefits for patients with complex,
non-healing wounds. Good-quality studies and col-
laborative research are urgently required to demon-
strate the clinical effectiveness of the principles of
wound management that have been practiced for
so long.

Useful resources

Australian Wound Management Association (AWMA).
(2010) Wound Management Standards (2nd edn). Avail-
able at: http://www.awma.com.au/publications/
2011_standards_for_wound_management_v2.pdf

European Wound Management Association (EWMA).
(2008) Position Document: Hard-to-Heal Wounds:
A Holistic Approach. London: MEP Ltd. Available at:
http://www.woundsinternational.com/pdf/content_
45.pdf

World Union of Wound Healing Societies (WUWHS).
(2004) Principles of Best Practise: Minimising Pain at
Wound Dressing-related Procedures: a Consensus Docu-
ment. London: MEP Ltd. February 1st, 2013.

World Union of Wound Healing Societies (WUWHS).
(2007) Principles of Best Practice: Wound Exudate and
the Role of Dressings. London: MEP Ltd. Available at:
http://www.woundsinternational.com

World Union of Wound Healing Societies (WUWHS).
(2008) Principles of Best Practice: Vacuum Assisted Clo-
sure: Recommendations for Use. A Consensus Docu-
ment. London: MEP Ltd. Available at: http://www.
woundsinternational.com/pdf/content_37.pdf

US Food and Drug Administration [FDA]. (2009) Advice
for Patients: serious Complications with Negative
Pressure Wound Therapy Devices. Issued: Novem-
ber 13, 2009. Available at http://www.fda.gov/
MedicalDevices/Safety/AlertsandNotices/Patient
Alerts/ucm190476.htm. (accessed 16 June 2012).
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Overview
� In clinical practice, wound infection can be difficult to identify and may be mismanaged causing treatment delays and

avoidable serious complications.
� Different wound types exhibit different signs and symptoms of infection, so clinicians need to familiarise themselves with

the characteristics of infection in the wound aetiologies that they manage most frequently.
� The principles of managing wound infection aim to optimise the patient’s ability to fight infection and reduce the number

of microbes in the wound.
� Infected or heavily colonised wounds typically produce large amounts of exudate and an offensive odour and are painful.

Treatment aimed at reducing the bacterial burden of the wound should alleviate these unpleasant symptoms.
� Antimicrobial therapy should be considered when wound healing is delayed or clinical signs of infection are observed,

but indiscriminate use of antimicrobial agents must be avoided.

Introduction

Wound infection is associated with delayed wound
healing and increased morbidity. These infections
are often difficult to treat and can complicate ill-
nesses, cause distress to patients and their fam-
ily and may even be fatal. Early recognition and
prompt management of infected wounds is there-
fore important to reduce the associated health and
financial consequences.

Patients with wound infections cost more to treat
than uninfected patients, and escalating antibiotic

resistance is making some infections difficult to
treat. Coello et al. (2005) estimated that the cost to
treating a surgical site infection is on average £3200
per case. In one study of patients with complicated
malignant head and neck wounds, the additional
cost of wound infection was three times higher
for patients with methicillin-resistant Staphylococ-
cus aureus (MRSA) than without MRSA (Watters
et al., 2004).

Diagnosing infection in acute wounds is often
straightforward because the patient will display
clinical signs of inflammation, the first immune
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response to an attack by microorganisms. These
are increased pain, exudate, temperature, redness
and swelling. Many of these symptoms are acti-
vated by components of the microorganism. There
are strict definitions for reporting surgical site infec-
tions which help with diagnosis and are categorised
as those affecting superficial tissues (skin and sub-
cutaneous layer) and those affecting deeper tissues
(deep incision and organ space) based on the Cen-
tres for Disease Control and Prevention (CDC) def-
initions (Horan et al., 1992). However, diagnosis
of infection in chronic wounds is made more diffi-
cult because the wound is often heavily colonised
by mixed microorganisms and the patient does not
always elicit a host response. The characteristics for
identifying wound infection are summarised in Fig-
ure 6.1. The laboratory will report the presence (and
approximate numbers) of potential pathogens with
associated antibiotic sensitivities but they cannot
determine whether the presence of the microorgan-
ism actually indicates active infection.

Bacterial invasion of the skin

Skin provides a variety of microenvironments for
a diverse range of microorganisms existing in a
balanced relationship and form the normal (com-
mensal) flora. The types and abundance of normal
skin flora varies in different areas of the body and
this is dependent upon the microenvironment. For
example, the perineum, axilla and toe webs have
increased levels of moisture and surface lipids. This
leads to increased diversity and a higher number
of microorganisms than the rest of the body. Typ-
ical microorganisms found on the skin are mem-
bers of the Micrococcaceae, coryneforms, S. aureus,
Staphylococcus epidermidis, Staphylococcus lugdunen-
sis, Staphylococcus hominis, alpha haemolytic strep-
tococci and Propionobacterium spp. (Evans et al.,
1950).

Commensal floras do not break the natu-
ral skin barrier unless the host is injured or
becomes immunosuppressed. Transient microor-
ganisms may affect the dynamic interrelationship
with resident normal flora, upsetting the ecological
balance and may predispose to infection, especially
if they are invasive pathogens. Once the epithe-
lial barrier is breached, the normal host response
is initiated with local inflammation, which protects
the host (patient) and initiates healing. If the injury
is extensive, infection may develop as microorgan-

isms that previously colonised the skin invade the
tissues. The exact relationship between microor-
ganisms in the wound and delayed healing is still
poorly understood and requires further research
(Percival et al., 2012).

Chronic wounds are known to have an ele-
vated bioburden (Siddiqui and Bernstein, 2010).
As bacterial load increases, wound healing is sig-
nificantly delayed as the normal inflammatory
response excessively releases cytotoxic enzymes,
free oxygen radicals and inflammatory mediators
that cause extensive collateral damage to the host
tissue (Bowler, 2003; Han et al., 2011). Pathogenic
microorganisms responsible for wound infection
prolong healing by producing endotoxins that
cause broad damage to the host by destroying cells
and disrupting normal cellular metabolism pro-
ducing further tissue necrosis (Han et al., 2011).
This results in a prolonged inflammatory response
which increases matrix metalloproteinases (MMPs)
production and breaks down the extracellular
matrix (ECM), interrupting wound contraction,
reduces tensile strength and delays epithelialisa-
tion.” Invading microorganisms or their toxins may
overwhelm this local protective response causing
local tissue damage (necrosis) progressing to sys-
temic sepsis and death. Synergistic mixed aero-
bic and anaerobic bacteria can have a greater net
pathogenic effect and are often present in chronic
wounds (Bowler, 2003).

Wound pathogens

Different wound types do not provide identical con-
ditions and so support different communities of
microorganisms. Common wound pathogens can
be broadly divided into Gram-positive and Gram-
negative aerobic and anaerobic bacteria, occa-
sional fungi and very occasionally specific viral
pathogens.

Depending upon the specific pathogen, the clini-
cal symptoms of wound infection may differ due to
the virulence of the microorganism and the immune
response of the host. For example, S. aureus pro-
duces an array of virulence factors such as coagu-
lase which breaks down fibrinogen to fibrin causing
abscesses; protein A which attracts macrophages;
type A haemolysin which kills leucocytes, lyses
platelets and red blood cells. Pseudomonas aeruginosa
typically produces a green pigment (pyocyanin)
which is cytotoxic and also produces exotoxin A
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Sepsis – documented infection with pyrexia or hypothermia, tachycardia, tachypnoea,
raised or depressed white blood cell count

Severe sepsis – sepsis and multiple organ dysfunction

Septic shock – sepsis and hypotension despite adequate volume resuscitation
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N.B. Other sites of infection should be excluded before assuming that systemic infection
is related to wound infection

Acute Wounds
e.g. surgical or traumatic wounds or burns

Localised infection Spreading infection
• Classical signs and symptoms

New or increasing pain
Erythema
Local warmth
Swelling
Purulent discharge

• Pyrexia – in surgical wounds, typically five to seven
days post-surgery

• Delayed (or stalled) healing
• Abscess
• Malodour

As for localised infection PLUS:
• Further extension or erythema
• Lymphangitis
• Crepitus in soft tissues
• Wound breakdown/dehiscence

Notes
• Burns – also skin graft rejection; pain is not always a feature of infection in full thickness burns
• Deep wounds – induration, extension of the wound unexplained increased white cell count or signs of sepsis

may be signs of deep wound infection
• Immunocompromised patients – signs and symptoms may be modified and less obvious

Chronic Wounds
e.g. diabetic foot ulcers, venous leg ulcers, arterial leg/foot ulcers or pressure ulcers

Localised infection Spreading infection

• New increased or altered pain*
• Delayed (or stalled) healing
• Peri wound oedema
• Bleeding or friable (easily damaged) granulation tissue
• Distinctive malodour or change in odour
• Wound bed discolouration
• Increase or altered/purulent exudate
• Induration
• Pocketing
• Bridging

As for localised infection PLUS:
• Wound breakdown
• Erythema extending from wound edge
• Crepitus, warmth, induration or discolouration

spreading into peri wound area
• Lymphangitis
• Malaise or other non-specific deterioration in patient’s

general condition

Notes
• In patients who are immunocompromised and/or who have motor or sensory neuropathies, symptoms may be modified

and less obvious. For example, in a diabetic patient with an infected foot ulcer and peripheral neuropathy, pain may not
be a prominent feature

• Arterial ulcers – previously dry ulcers may become wet when infected
• Clinicians should also be aware that in the diabetic foot, inflammation is not necessarily indicative of infection. For

example inflammation may be associated with Charcot’s arthropathy
*Individually highly indicative of infection. Infection is also highly likely in the presence of two or more of the other signs listed

–
–
–
–
–

Figure 6.1 Criteria for identifying wound infection (WUWHS, 2008). Reproduced with permission from Wounds International.
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which inhibits protein synthesis. S. aureus delays
wound closure by secreting anti-angiogenic fac-
tors and anti-inflammatory properties and inhibits
leukocyte function (Athanasopoulos et al., 2006).
Streptococcus pyogenes (group A strep) is a danger-
ous wound pathogen because the invasive prop-
erties of many of the virulence factors produced
cause cellulitis and occasionally necrotising fasci-
itis. This devastating infection can spread rapidly
and destroy skin, fat, muscle tissue and fascia
(Green et al., 1996). Management should consist of
immediate resuscitation, radical surgical excision
and administration of broad-spectrum intravenous
antibiotics.

There are a large number of rarer bacterial
pathogens that can cause skin infections, and the
clinician should always be mindful of these, espe-
cially if the patient is associated with animals, has
recently travelled to the tropics or has unusual
hobbies or occupations. For example, V. vulnifi-
cus can cause radical fasciitis and if not treated
promptly can be fatal. Infection is seen in trau-
matic wounds acquired in or associated with coastal
waters and seafood (Horseman and Surani, 2011).
Fish Fanciers Finger is caused by a minor abra-
sion becoming infected with Mycobacterium mar-
inum which is found frequently in fish tanks. The
incubation time is variable (2–89 weeks) and small
papules form which enlarge and ulcerate form-
ing granulomatous lesions (Bhatty et al., 2000).
M. ulcerans is found less frequently but can cause
Buruli’s ulcers which often start as painless nodu-
lar swellings that progress to extensive destruc-
tion of skin and soft tissue with the formation of
large ulcers on the legs or arms. Delayed treatment
may cause irreversible deformity or long-term func-
tional disability (Nakanaga et al., 2011).

Factors increasing the risk of
wound infection

Some individuals are actually more susceptible to
chronic wound infections because they have other
complications that weaken the immune system
such as diabetes, renal impairment or even surgery
(James et al., 2008). Extremes of age are also con-
sidered an important factor, with neonates and the
elderly at particular risk of cutaneous infection.
Nutritional status and lifestyle choices such as alco-
hol and drug abuse, smoking and lack of exercise or

sleep can create stress, which can have an adverse
affect on the immune system, predisposing certain
individuals to an increased risk of infection.

Endogenous host factors and exogenous bacte-
rial factors cause an imbalance of the production
and degradation of the ECM of the wound bed
and becomes static. The loss of skin integrity and
exposure of underlying tissue provides a nutri-
tious, moist, warm microenvironment that encour-
ages bacterial multiplication and proliferation. The
type and abundance of microorganisms depends
on the location of the wound, depth, oxygen sup-
ply, host factors and level of tissue perfusion (Dowd
et al., 2008). Devitalised tissue facilitates microbial
proliferation especially if there is an accumulation
of associated foreign material and increases the
bioburden to inhibit wound healing. The wound
becomes static and continues in a state of chronicity
until something breaks the cycle (Bjarnsholt et al.,
2008; James et al., 2008).

Specific wound characteristics also increase the
likelihood of infection making particular types of
wounds susceptible to infection such as chronic
wounds and contaminated traumatic wounds.

The significance of bacteria
within wounds

The complete removal of bacteria from a wound
is not possible or necessary as despite being
colonised by bacteria most wounds heal unevent-
fully. The microorganisms capable of causing cuta-
neous infection can be derived from endogenous
or exogenous sources and superficial infection will
normally occur in the outer layers of the skin. How-
ever, some microorganisms may invade the deeper,
subcutaneous layers depending upon their ability
to causing disease by breaking down the protective
mechanisms of the host. This is called the virulence
or pathogenicity of the microorganism (Bowler
et al., 2001). Virulence factors can be divided into
surface-associated virulence and excreted virulence
factors. Surface-associated virulence is a general
term used to describe the way in which bacteria
adhere to the cell surface during the first stage of
the infectious process. Examples of these include
hydrophobicity of cell surface, capsules, glyco-
calyx, slime layers, fimbriae, lipopolysaccharide
(LPS) outer membrane proteins (OMPs) and other
adhesins. Excreted virulence factors include toxins
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Figure 6.2 Clinical significance of bacteria in wounds.

or enzymes excreted into the surrounding environ-
ment to allow the microorganism to invade into
deeper tissues. This array of toxins and enzymes
varies depending upon the microorganism but can
kill phagocyte cells, destroy cell membranes, inhibit
complement and cause metabolic imbalance of the
cell (Edwards-Jones, 2010).

Factors determining the effects of bacterial mul-
tiplication on the tissue surrounding a wound are
unclear, but critical factors include the number, type
and virulence of the invading microorganisms as
well as the ability of the individual’s immune sys-
tem (host resistance) to fight the organisms. The
clinical significance of bacteria in wounds is shown
in Figure 6.2.

Microorganisms are likely to enter the wound
from three main sources: the surrounding skin,
mucous membranes of the host and the external
environment.

Bacteria within a wound lead to three outcomes:

� contamination;
� colonisation;
� infection.

Contamination

Contamination of a wound begins shortly after
the skin barrier is breached usually by exogenous
or endogenous organisms. The organisms do not
increase in number as the wound environment or
nutrients are not available to support multiplication

so there is no host response (no signs of inflamma-
tion or other signs of overt infection) and the organ-
isms are transient. The wound is not affected by the
presence of these organisms and exhibits no signs
of infection.

Colonisation

Bacterial colonisation is where the organisms
become established in the wound environment but
still does not elicit a host response. The microor-
ganisms begin to multiply but slow down due to
the host response or a lack of nutrients resulting
in an equilibrium between growth and death of the
microorganism. Wound healing is not impaired and
no tissue damage occurs. At this point, the micro-
organisms can either slow replication or produce
virulence factors (if capable) to release other nutri-
ents. This is sometimes called critical colonisation
and refers to wounds in which the bacterial burden
is increased above superficial contamination levels
but below overt infection, and wound healing is
delayed (Jørgensen et al., 2005; Leaper, 2006). Fur-
ther research is required to demonstrate if critical
colonisation represents the transition from coloni-
sation to infection, or the transition between acute
and chronic inflammation.

Practice point

Critical colonisation is usually associated with a static,
painful wound but without a noticeable host reaction
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which makes it difficult to identify in clinical practice.
Signs to look for are subtle but may include an increase
in adherent slough that is difficult to remove from the
wound bed, the presence of friable and discoloured gran-
ulation tissue and increasing odour and serous exudate.
Wound debridement and application of topical antimi-
crobial treatments could help tip the balance in favour of
colonisation by reducing the number of bacteria present
in the wound.

Infection

Only pathogens capable of producing toxins and
enzymes can invade the tissues and cause true
infection. If the wound environment provides the
right conditions (nutrients, warmth), the microor-
ganisms will multiply and the bioburden increases
as they begin to invade and damage the surround-
ing tissues and initiate a host response. At this point,
the wound begins to show signs of infection which
may be difficult to detect (Edwards-Jones, 2010).
If left untreated, the bacteria will cause spreading
infection and septicaemia which can be fatal.

Significance of biofilms

Bacteria in wounds attach and colonise surfaces
through a variety of different mechanisms and
can form microcolonies and complex communities
referred to as biofilms, which are more common
in chronic wounds (James et al., 2008). Biofilms
are thought to be the ‘natural habitat’ of bacte-
ria often consisting of several different species of
bacteria (but can be a single species) embedded in
a polysaccharide matrix which is excreted by the
microbe and creates a physical barrier that prevents
phagocytosis by inflammatory cells (James et al.,
2008). Bacteria in biofilms are dynamic and can
alter their structure and develop a slower metabolic
rate and growth pattern. This, alongside the pro-
tective effect of the ECM, makes bacteria growing
in a biofilm more resistant to host defences and
conventional antimicrobial therapy is less effective
(Mitchell et al., 2011). Pseudomonas species are par-
ticularly effective at forming biofilms and treat-
ment is complicated further by their ability to
rapidly acquire antibacterial resistance (Wu et al.,
2011). Figure 6.3 shows a venous leg ulcer with

Figure 6.3 Venous leg ulcer with extensive biofilm on the
wound surface caused by Pseudomonas. Photo courtesy of
Shiu-Ling Briggs.

extensive biofilm on the wound surface caused by
Pseudomonas.

Once the mature biofilm forms, individual free-
floating bacterial cells (planktonic cells) can sepa-
rate from the biofilm through a process called dis-
persion and colonise other susceptible sites, e.g. a
biofilm in the mouth (plaque) can release strepto-
cocci which get into the bloodstream and colonise
the heart valves to cause endocarditis. Although
biofilms have been implicated in wound infections,
there is little in vivo data showing their role in
the pathogenesis of wound infection and this is
an area where further research needs to be under-
taken (Thomson, 2011). Biofilms allow the bacteria
to live in a state of equilibrium and unless there is
some form of disruption such as wound debride-
ment (physical disruption) or antiseptic cleans-
ing (chemical disruption), they will continue ad
infinitum.

Identifying wound infection

When the skin barrier is breached an acute inflam-
matory response is initiated that leads to the famil-
iar signs of redness, elevated temperature, localised
swelling and pain. Apart from the physical bar-
rier there are a number of cells such as ker-
atinocytes, dendritic cells, mast cells, macrophages
and Langerhans cells which release chemical sig-
nals that lead to the production of antibodies.
The diagnosis of wound infection is primarily a
clinical skill based on evaluation of the external
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characteristics of the wound, the surrounding skin
and the patient.

Microbiological data should be used to supple-
ment the clinical diagnosis (Cooper, 2005). How-
ever, wound infection is often over- or underdiag-
nosed, even when positive wound cultures have
been obtained. Accurate diagnosis of wound infec-
tion relies on an accurate history and examination of
the patient and consideration of the factors likely to
increase the risk of infection. The criteria for iden-
tifying wound infection can be seen in Figure 6.1
(WUWHS, 2008).

Clinical signs and symptoms

The clinical signs of wound infection may differ
from individual to individual so require close exam-
ination of the wound and surrounding skin over a
period of time so that subtle changes can be iden-
tified and documented. To ensure early detection
and prompt treatment of wound infection, clini-
cians need to correlate the clinical features of infec-
tion with patient outcomes and microbiological
data (EWMA, 2005; WUWHS, 2008). Wound infec-
tion in patients with a healthy immune response
is typically easy to identify; however, in immune-
compromised individuals with chronic wounds,
diagnosis may be more difficult as local signs of
infection may be subtle or absent.

The classic signs of infection include localised
erythema, pain, heat, oedema and can be seen in
Figure 6.4 which shows an infected venous leg ulcer
with extending cellulitis.

Figure 6.4 Infected venous leg ulcer with spreading cellulitis.
Photo courtesy of Ray Norris.

Additional criteria are evolving as evidence accu-
mulates that infection produces specific signs and
symptoms in different types of wounds (Cutting
and Harding, 1994; EWMA, 2005; WUWHS, 2008).

Reliable signs of infection, even in immune-
compromised patients, are wounds that bleed eas-
ily or are very painful (Gardner et al., 2001; Reddy
et al., 2012).

Microbiological assessment of wounds

The clinical diagnosis of wound infection can be
difficult. Any evidence of cellulitis or wound break-
down needs immediate response and appropriate
antimicrobial therapy. Laboratory confirmation of
acute infection is helpful, when deciding on the
appropriate antibiotic therapy. This is especially the
case when there is evidence of infection at a surgical
site.

In general, it has been shown that acute wounds
tend to be colonised by a single pathogen, if
infected. However, diagnosis of infection in a
chronic wound is more difficult as there are often
multiple microorganisms present growing in a
biofilm and their pathogenicity is not easy to deter-
mine due to an interaction of a number of different
microorganisms (Dowd et al., 2008; James et al.,
2008). Isolation of a single pathogen from a heav-
ily contaminated wound does not necessarily mean
that it is causing an infection as it may have become
part of the resident contaminating flora.

Obtaining accurate wound cultures

Laboratory testing by the microbiology department
is undertaken to identify known pathogens respon-
sible for wound infection and to determine likely
susceptibility to specific antimicrobial agents. The
process is called microscopy, culture and sensitiv-
ity (C&S). The pathology request form should be
completed with as much relevant information as
possible to improve the result. Table 6.1 shows the
minimum data required for pathology wound cul-
ture request.

The most commonly used technique for obtain-
ing a wound swab samples the wound by zigzag-
ging across the surface of the wound (Z swab tech-
nique). Another sampling method is the Levine
technique, which involves rotating a sterile swab
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Table 6.1 Minimum data required for pathology wound
culture request

Patient details Name, age, gender, record

Wound type Acute, chronic, e.g. venous leg ulcer,
surgical incision (hip replacement)

Wound/surgical
site details

Anatomical location (indicate left or
right side of the body), wound size,
chronicity (duration)

Risk factors Comorbidities, e.g. diabetes,
malnutrition, haematoma, foreign
bodies

Clinical concerns Delayed healing, wound dehiscence,
increased pain, bleeding granulation
tissue, pus formation

Treatment details Specify any oral/intravenous
antibiotics, antimicrobial dressings
used in past 48 hours;
immunosuppressive agents, recent
surgical debridement

Specific tests
required

Pseudomonas, MRSA

over a 1 cm2 area of the wound whilst apply-
ing local pressure to extract exudate from wound
bed (Levine et al., 1976). Studies comparing sam-
pling techniques have shown that a more accurate
assessment of bacterial numbers and diversity of
species in the wound was obtained using the Levine
method over the Z swab technique. Furthermore,
specimens obtained using the Levine technique
were found to be accurate when compared with
tissue cultures obtained by punch biopsy, which is
an invasive, painful procedure (Gardner et al., 2006;
Angel et al., 2011).

Practice point

What is the most accurate method of taking a wound
culture to determine susceptibility to specific
antimicrobial agents?

Current consensus indicates that wounds should be
cleaned before taking a sample for microbiological anal-
ysis and any superficial necrotic tissue removed, as the
bacteria deeper within the wound bed will cause the
infection rather than bacteria on the surface of the wound.
However, there is limited evidence to recommend which
is the best method of collecting microbiological samples,
although the Levine method is currently considered to be
the most accurate. Cleansing is also important as residues
from topical antiseptic agents or dressings may contami-

nate the swab and inhibit the growth of microorganisms
if the wound is not thoroughly cleaned before the sample
is taken. If possible, fresh pus or wound exudate should
be expressed (facilitated using the Levine approach) and
the swab tip moistened with normal saline or the clear
medium in the swab container to increase effectiveness.
The swab should be taken by pressing the centre of the
wound bed for 15 seconds over an area of clear, exposed
granulation tissue.

The swab container should be carefully labelled and
the pathology request form completed. Many laborato-
ries will not accept an unlabelled or partially labelled
swab and will discard them. The wound swab should be
transported at room temperature and not in a fridge. They
should be sent to the microbiology laboratory as soon as
possible – preferably within 24 hours, but no later than
48 hours – as there is often microbial overgrowth of those
with a rapid growth rate compared to those with a slower
rate. The swabs contain culture medium that will main-
tain the viability of the organism and absorb toxic prod-
ucts that could kill them in situ. However, microbiologists
need to receive swabs as soon as possible because some
organisms overgrow and overwhelm others, e.g. coliforms
grow more quickly than staphylococci.

The role of the wound biopsy as a sampling technique
is controversial and the original work and validation was
undertaken in acute burn wounds. Quantitative assess-
ment and histological investigation were included and it
was showed that bacterial counts were consistently over
105 cfu/g and depth of invasion could be detailed. How-
ever, acute burn wounds are typically infected with a
single bacterial species (or occasionally two species) and
although tissue biopsy gives extremely important informa-
tion to aid diagnosis in burn wounds, it is not advisable
to try to reproduce this diagnostic technique in chronic
wounds due to problems with interpretation of results.
Most clinical microbiology laboratories will not process
wound biopsies because this technique is outside normal
standard operating procedures.

The accuracy of culturing the bacteria from a wound
swab is determined by the method used, the skill of the
operator and the time taken between collection and anal-
ysis of results. The whole exercise is futile if the results are
not followed up and acted upon.

Practice point

What happens to a wound swab once it is sent to the
microbiology laboratory?

Processing of the swab in the laboratory is relatively stan-
dard unless the person assessing the wound indicates the
need for a certain microorganism to be screened, e.g.
MRSA or Mycobacterium sp or for further tests. In the
laboratory the swab is streaked onto a variety of solidified
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culture media and streaked out to allow for growth of sin-
gle colonies of bacteria or fungi. This helps with isolation
of certain pathogens.

Many of the primary culture media contain selective
agents to allow certain pathogens to grow, for example
MRSA. The plates are incubated for up to 48 hours at
37◦C to allow growth of bacteria and also are placed
in different environments to allow growth of anaerobic
organisms should they be present. Special cultures for
slow-growing organisms, such as fungi or mycobacteria,
may require several weeks.

Interpretation of results

The limitations of bacterial isolation are numerous
and interpretation of results from the laboratory has
to be done in conjunction with the clinical appear-
ance of the wound and the condition of the patient.
It is very important to follow up the results from
the wound swab to identify which organisms have
been isolated and the appropriate sensitivities even
if the wound appears to be improving.

In chronic wounds such as pressure ulcers and
leg ulcers, there may be mixed populations of the
same species in the wound which can affect viru-
lence and the potential to cause infection (Hansson
et al., 1995). The interaction of the microorganisms
and their potential synergistic virulence in chronic
wounds is never investigated because this is not the
remit of most clinical laboratories.

Practice point

How should I interpret the results reported on the
pathology form?

Following 48 hours of incubation, the culture plates are
inspected for growth. In the case of an acute wound, there
is often only a single organism which will be identified
and reported with an antibiotic sensitivity. However, in the
case of a chronic wound, there is often a heavy, mixed
growth of a variety of different microbes. In this case,
the biomedical scientist will look for known potential
wound pathogens, e.g. S. aureus, Pseudomonas sp, E. coli,
and report with an appropriate antibiotic sensitivity. The
other microbes in the mixture will be reported as mixed
skin flora (e.g. micrococci, diphtheroids and coagulase-
negative staphylococci) or mixed faecal organisms (indi-
cating they are probably contaminating the wound bed
and have been derived from the gut). Some labora-
tories restrict the reporting of the antibiotic sensitivity

Figure 6.5 A cultured wound swab showing +++ growth of
mixed bacteria. Photo courtesy of Valerie Edwards Jones.

because of inappropriate use and overuse of antibiotics,
and those laboratories which do report antibiotic sensitiv-
ities expect the clinician will only prescribe if the patient
requires them. Qualitative data are provided to indicate
the numbers of bacteria present with + indicating a light
growth, ++ a moderate growth and +++ a heavy growth.
Figure 6.5 shows a cultured wound swab showing +++
growth of mixed bacteria.

Principles of managing infected wounds

Many superficial bacterial infections will resolve on
their own without treatment, however others may
require treatment with a topical antimicrobial. Deep
infection which is spreading will require antibiotic
therapy. Close monitoring of any wound suspected
to be critically colonised or infected is important
so that appropriate treatment can be implemented
and specialist referral instigated (if required). The
principles of managing wound infection are sum-
marised in Figure 6.6.

The principles of managing infected wounds aim
to restore the balance between the patient’s immune
status and the infecting microorganism(s) by:

� improving the patient’s general health by opti-
mising management of comorbidities and min-
imising factors increasing the risk of infection;

� reducing the bioburden of the wound by
preventing further contamination, debriding
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EFFECTIVE MANAGEMENT OF WOUND INFECTION

OPTIMISE HOST RESPONSE

Optimise management of
comorbidities, e.g.
optimise glycaemic control
in diabetic patients,
enhance tissue
perfusion/oxygenation
Minimise or eliminate risk
factors for infection where
feasible
Optimise nutritional status
and hydration
Seek and treat other sites
of infection, e.g. urinary
tract infection

REDUCE BACTERIAL LOAD

Prevent further wound
contamination or cross-
contamination, e.g. infection
control procedures and
protecting the wound with an
appropriate dressing
Facilitate wound drainage as
appropriate
Optimise wound bed:

Remove necrotic tissue
and slough (debridement)
Increase frequency of
dressing change as
appropriate
Cleanse wound at each
dressing change
Manage excess exudate
Manage malodour-

-

-

-

-

Antimicrobial therapy –
topical antiseptic +/- systemic
antibiotics

GENERAL MEASURES

Manage any systemic
symptoms, e.g. pain,
pyrexia
Provide patient and carer
education
Optimise patient
cooperation with
management plan
Ensure psychosocial
support

RE-EVALUATE REGULARLY

Relate frequency of re-evaluation to the severity of the infection and condition of the patient.
Are the wound and patient improving?
Is the wound starting to heal?
Systemic monitoring and recording of symptoms is helpful in detecting improvement or deterioration.
Consider use of an appropriate assessment tool. Serial clinical photographs or tracking changes in markers
of inflammation (e.g. erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), white blood cell count)
may be useful in registering subtle deterioration or improvement, especially in chronic wounds.

Figure 6.6 Management of wound infection. Reproduced with permission from Wounds International.

necrotic tissue, removing excess exudate and by
the commencement of antimicrobial treatment;

� effectively managing symptoms associated with
cutaneous infection, e.g. pyrexia, pain, cellulitis.

Improving immune status

Consideration of an individual’s host resistance is
an important aspect of patient assessment. Patients
receiving immunosuppressive agents and steroids

as well as those with protein-calorie malnutrition
have increased susceptibility to bacterial infection
usually controlled by the inflammatory response.
In reality, most seriously ill patients will have an
altered immune response and decreased host resis-
tance making wound infection more likely. Effec-
tive management of patients with infected wounds
requires a multidisciplinary team approach that
should actively involve microbiologists, infec-
tion control specialists and senior management.
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Referral to specialist medical colleagues particu-
larity in relation to management of comorbidities
is essential to improve the patient’s resistance to
microorganisms.

Reducing wound bioburden

Meticulous attention to infection-control poli-
cies will minimise contamination or cross-
contamination of the wound and should be
routinely adopted by healthcare professional
regardless of whether patients are known to have
an infection. Effective handwashing is the single
most important infection-control measure and
should be carried out after every patient contact.

The surface of any wound thought to be infected
needs to be cleaned or debrided to ensure that
organic matter such as slough, extracellular prod-
ucts, biofilm and exudate are removed as they
are the ideal growth media for microorganisms.
The most effective wound cleanser has not yet
been identified (Moore and Cowman, 2005; Fer-
nandez and Griffiths, 2008). There are a number
of methods available for debridement and choice
needs to consider assessment of the patient and
the wound. Studies have shown that there is a
brief period immediately after wound debride-
ment when organism numbers are reduced and the
biofilm is disrupted. At this point the application of
a topical antimicrobial dressing may help stimulate
wound healing (Wolcott et al., 2010).

The accumulation of pus, slough and wound
fluid within a wound will encourage multipli-
cation of microorganisms. Drainage methods are
dependent on resource availability and will include
absorbent dressings, insertion of wound drains,
topical negative pressure therapy and surgical
intervention. These local measures may be suffi-
cient to reduce the bioburden to allow healing to
resume without the need for systemic antibiotic
therapy.

Antimicrobial treatment

If it is suspected that the wound infection is spread-
ing or becoming systemic then antimicrobial ther-
apy may be required. Antimicrobial is a general

term to describe substances used to treat infection
and includes antiseptics and antibiotics. Antibiotics
act selectively on a specific target site, whereas top-
ical antiseptics have multiple targets with a broad
spectrum of activity and associated toxicity. There-
fore, the choice of antiseptic used in wound care
should be one that provides sustained antimicro-
bial activity, does not impede healing and has the
least potential for local or systemic toxicity. In addi-
tion, there should be limited accumulation of the
antimicrobial agent in the surrounding tissues that
may cause harm systemically to the patient. Antibi-
otics are able to selectively target bacteria, so can be
used in low concentrations.

Antimicrobial agents should not be used indis-
criminately and must be used for limited peri-
ods of time and effectiveness should be frequently
reviewed. Factors influencing choice of topical
antimicrobials for treatment of infected wounds
should be based on (EWMA, 2006; WUWHS, 2008):

� clinical efficacy;
� cost and reimbursement issues;
� availability;
� ease of use.

The clinical indications for use of topical antimi-
crobials and systemic antibiotics for wound man-
agement are described in Table 6.2.

Worries about the toxic effects of topical anti-
septics in animal studies have restricted their use
despite an inconclusive evidence base (EWMA,
2006; Leaper, 2011). Meta-analyses and systematic
reviews on the use of topical antimicrobials in
chronic wounds have revealed a lack of evidence
to support their use which is likely to be due to
the challenges of conducting outcomes research in
patients with chronic wounds and recruitment dif-
ficulties rather than clinical ineffectiveness (Leaper,
2011).

If chronic wounds become critically colonised or
infected, newer formulations of topical antimicro-
bials such as silver, iodine, honey and polyhex-
amethylene biguanide (PHMB) impregnated into
dressings can help reduce the bioburden and pre-
vent infection without inhibiting wound healing
(WUWHS, 2008; Leaper, 2011) (see Chapter 5).

Antimicrobial treatments must show activity
against microorganisms that are typically isolated
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Table 6.2 Indications for use of antimicrobial therapy in wounds

Topical antimicrobials Systemic antibiotics

Prevention of wound infection or recurrence in
high-risk patientsa

√ ×

Superficial wound infection
√ ×

Deep wound infection × √

Localised infection
√ ×

Spreading infection, e.g. cellulitis, lymphangitis In combination with systemic antibiotics
√

Wound infection + systemic symptoms, e.g.
bacteraemia, sepsis

In combination with systemic antibiotics
√

Beta-haemolytic streptococcib × √

Bone involvementc × √

Presence of antibiotic resistant bacteria × √

aContaminated surgical wounds, dirty traumatic wounds, e.g. degloving injuries.
bEven in the absence of clinical signs of infection.
cThese conditions may require extended oral treatment and/or treatment with intravenous antibiotics.

from wounds such as S. aureus (including MRSA),
P. aeruginosa, Streptococcus pyogenes and other
haemolytic streptococci. Topical antimicrobials
incorporated into wound dressings should release
the antimicrobial agent slowly or affect a targeted
release. If there is no alteration in the wound con-
dition after 10–14 days, then a change in antimi-
crobial treatment should be considered together
with further debridement and a wound culture
should be sent for C&S. If the wound is pro-
gressing well and signs of infection have resolved,
wound management should follow the princi-
ples of best practice and antimicrobial therapy be
discontinued.

When appropriately used, systemic antibiotics
effectively treat infection and prevent serious com-
plications. In addition to the criteria listed above,
selection of antibiotic for treatment of a wound
infection will depend on antibiotic susceptibility
of the known or suspected pathogen(s), severity
and degree of spread of infection, patient factors,
e.g. allergies, comorbidities and local treatment
policies.

Unless the patient has systemic signs and symp-
toms or a limb is at risk, microbiology results should
be waited for before deciding to use antibiotics. If
it is necessary to commence treatment before iden-
tifying antibiotic susceptibility, a broad-spectrum
antibiotic should be selected and the results of C&S
reviewed as soon as possible.

Practice point

Are topical antibiotics effective at preventing
wound infection?

Topical antibiotics have been used as prophylaxis for post-
operative wound care for many years, despite a lack of
evidence to support their use. There is growing evidence,
although studies are small, that topical antibiotics do not
improve wound healing for the treatment of clean sur-
gical wounds and are an unnecessary expense, can pro-
duce contact dermatitis, increase drug resistance and can,
rarely, cause anaphylaxis (Draelos et al., 2011; Trookman
et al., 2011).

There is also no convincing evidence demonstrating
the superiority of topical antibiotics over the use of topical
antimicrobials for management of chronic wounds. Topi-
cal antibiotics are not able to penetrate deep wound infec-
tions and may be systemically absorbed when applied
to larger wounds. Topical antibiotics may cause hyper-
sensitivities. The common causes of sensitivity reactions
include neomycin, framycetin, gentamicin and sodium
fusidate (Draelos et al., 2011). The risks of toxicity, sensiti-
zation and bacterial resistance outweigh any benefits that
topical antibiotics might have in the treatment of wound
infection.

Patients with chronic wounds receive significantly
more antibiotic prescriptions (both systemic and topical)
than age- and sex-matched patients (Howell-Jones et al.,
2005). Current guidelines for antibiotic prescribing for
wounds are often based on expert opinion rather than
scientific evidence. The relationships between antibiotic
resistance, chronic wound microbiology and the rationale
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for antibiotic therapy have yet to be determined. As a
result, published guidelines do not recommend the use
of topical antibiotics for chronic wounds (IWGDF, 2007;
EPUAP, NPUAP, 2009).

Symptom management

Infected or heavily colonised wounds carrying a
high microbial load tend to generate a large amount
of exudate and an unpleasant odour. Choice of
appropriate dressings should be based on their abil-
ity to absorb exudate, contain odour and control
microbial contamination which will increase wear
time and necessitate fewer dressing changes (see
Chapter 5).

Pain is one of the earliest symptoms of wound
infection and occurs before any clinical signs of
infection are evident in the wound. This makes it a
reliable indicator of wound infection which should
not be ignored (Gardner et al., 2001). The inflam-
matory response initiated by invading microorgan-
isms is the underlying cause of the wound pain
which is often described as a tender or intense,
throbbing pain. The release of inflammatory media-
tors in the infected wound and surrounding tissues
results in oedema and tissue damage which stimu-
lates the peripheral pain receptors to produce pain
of increasing intensity. Patients will often notice
that infection-related pain feels different to previ-
ously felt wound pain (Cutting et al., 2005). Any
change in type of wound pain or sudden onset of
pain is therefore a significant indicator for infection.
Treatment aimed at reducing the bacterial burden of
the wound should help to alleviate infection-related
wound pain. The use of broad-spectrum antimicro-
bial dressings and anti-inflammatory analgesia can
be particularly effective.

Summary

Management of patients with infected wounds
requires an understanding of the significance of
microorganisms in wounds, a knowledge of the cri-
teria to identify localised and systemic infection and
the ability to select appropriate treatment options.
Adoption of the infection control and management
measures described in this chapter will result in

lower rates of wound infection, decreased morbid-
ity, shorter duration of treatment and a more rapid
return to health for patients. For healthcare organi-
sations this will help to prevent the spread of infec-
tion, reduce treatment costs and avoid litigation.

Future research into rapid diagnostic methods of
wound infection may well include self-diagnostic
dressings where biosensors detect metabolic prod-
ucts from the host or bacteria that are indicative of
a non-healing wound due to infection or wound
stasis induced by high bacterial bioburden. This is
an area of huge research potential as the increasing
number of elderly patients with chronic wounds
creates a financial burden for the healthcare envi-
ronment.

Useful resources

Wound infection and pain management made easy.
(2010) Wounds International. Available at: http://www.
woundsinternational.com/made-easys/wound-
infection-and-pain-management-made-easy

Biofilms made easy. (2010) Wounds International. Available
at: http://www.woundsinternational.com/made-
easys/biofilms-made-easy

Wound infection in clinical practice: an international
consensus. (2008) World Union of Wound Healing Soci-
eties. Available at: http://www.woundsinternational.
com/clinical-guidelines/wound-infection-in-clinical-
practice-an-international-consensus

Clinical Knowledge Summaries: nail and skin: boils,
carbuncles, whitlows. Available at: http://www.cks.
nhs.uk/home
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7 Psychological Impact of
Skin Breakdown

Patricia Price
School of Healthcare Studies, Cardiff University, Cardiff, UK

Overview
� Patients with skin breakdown and open wounds can experience a wide range of symptoms that affect their ability to live

their lives as they wish.
� Many patients adapt to a progressive illness which may require lifelong behaviour change.
� Some patients will experience psychological problems (e.g. anxiety or depression) which will require health professionals

to develop strong therapeutic relationships with patients and their carers to help patients cope with their skin problems.
� The relationship between stress and healing is not fully understood: initial findings suggest that experiencing stress may

delay wound healing.
� There are few studies that have fully evaluated psychological interventions in patients with skin breakdown, although initial

work is promising.
� Health professionals must recognise that dealing with psychological or emotional problems may require additional or

specialist training, and should be aware of their own stress levels – particularly when working in healthcare systems with
few options for referral to specialist centres.

Introduction

Health psychology is a very substantial area of
study; important concepts can only be discussed
briefly in this chapter, which will focus on those
topics that are most directly related to individuals
with skin breakdown.

Many areas of health psychology overlap and
have been artificially divided in order to structure
this chapter. However, it is important to remember

that none of these issues can be considered in iso-
lation; for example it is difficult to discuss issues
of adherence to treatment without knowing about
the personal and demographic factors of a patient,
their belief systems about health and pain, the stress
experienced, the amount of social support and the
coping strategies available. Many healthcare ser-
vices/facilities have very limited access to health
or clinical psychologists – often due to funding or
resource issues, so other professional groups have
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to incorporate psychological aspects of care into
their routine practice even though they may find
this stressful, as they feel underprepared to take
on these additional roles (Wilkes et al., 2003; Korn-
haber and Wilson, 2011).

Psychological impact on the individual
and society

The relationship between loss of skin integrity and
psychological status, in terms of causing skin break-
down or preventing it from healing, has always
been controversial. However, it is quite clear that
people with skin disorders and open wounds often
experience a range of psychological problems asso-
ciated with alterations in physical appearance and
daily symptom management.

Problems often focus on three key areas:

(1) The visibility of the skin condition means that
social situations, in particular, become very dif-
ficult.

(2) Changes in body image resulting from the skin
problem can lead to psychological distress, and
high levels of psychological morbidity.

(3) Living with symptom management on a daily
basis can lead to the skin condition/wound
dominating daily living experiences, so indi-
viduals can become isolated and depressed
as they manage their pain, lack of mobility,
wound leakage and associated malodour.

However, these experiences are part of a broader
phase of adapting to a state of illness, including the
associated stress and the coping with change that
come with accepting lifelong changes in behaviour
which may be needed, and for some, recognis-
ing that a life of dependency on others may lie
ahead.

Adaptation to chronic illness

Chronic illness is a generic term that covers a wide
range of illnesses, diseases and conditions. Many of
those working with patients with dermatological
conditions and wounds are aware that patients are
at different points in the process of adapting to their
condition and that a range of factors will affect how
this process occurs.

Practice point

What type of questions could I ask to help
understand what someone is feeling when living
with a chronic, non- healing wound or skin conditio?

You could consider asking:

� How does your wound/skin condition make you feel?
� Do you want to know more about the symptoms you

might experience?
� Are there friends or family that you would like to be

present when we review treatment options? What do
you think they will be concerned about?

� How do you fit treatment into your everyday life?
� What do think may lie ahead?

These questions may start a discussion where the
patient can lead the conversation to areas of concern, but
it is really important to build such questions into develop-
ing (and maintaining) a positive therapeutic relationship
with the patient. You will need to ensure that you are
fully engaged in the conversation – with no distractions
(such as your mobile phone ringing, or taking notes) – so
that you are actively listening to what the patient has to
say. Often the patient will ask ‘Why me?’ questions and
it is important to realise that they may not expect a direct
answer, but they do want someone to hear their voice.

Stress and skin disease

The link between emotional state and illness has
been the focus of debate for many years, and raises
a number of interesting questions, e.g. why does
the same stressful situation result in such a range of
responses from individuals? One clear reason is that
the perception of the same situation varies between
individuals, as does the predisposition towards
disease/health condition. Having a predisposition
towards a disease/condition does not mean that it
is inevitable that an individual will develop it, as the
stress part of the relationship can account for how
the predisposition translates into the presentation
of the disorder; for example, atopic eczema has a
genetic component, but that is not the whole story –
a deeply held fear of developing such a condition
may evoke a chronic stress response, which impacts
on your immune system and makes you more sus-
ceptible to the environmental factors that also play
a role. As yet, we do not have a detailed under-
standing of the links between psychological health
and skin disorders, or the mechanisms that activate
a predisposition into actual disease progression.
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Recent work has highlighted the multidi-
mensional nature of ‘stress’ as it comprises
physiological, psychological and sociological fac-
tors (Soon and Action, 2006). From a physiological
perspective, stress can result in raised levels of the
hormone cortisol, which if raised for prolonged
periods of time can affect both immunity and
inflammatory responses (Segerstrom and Miller,
2004). Recent reviews have focused on the poten-
tial stress related to managing the symptoms
associated with skin breakdown, particularly for
those living with chronic wounds (Solowiej et al.,
2009), whilst Walburn et al. (2009) concluded from
their meta-analysis of human wound healing that
the negative impact of stress (r = −0.42, medium
effect) is broadly consistent across a wide range
of wound types. Their work shows that increased
stress is associated with both impaired healing
and dysregulation of biomarkers across acute and
chronic wounds. However, this work only includes
one study on patients with a chronic wound as
very little work has been completed in this area to
date, with data on other skin conditions yet to be
collected.

The poor clinical outcomes associated with
patients with diabetic foot ulcers (DFU) has
prompted a detailed investigation of the role of
stress in this patient group, with the work of
Vileikyte and colleagues (2007, 2010) and Vedhera
et al. (2010) demonstrating the complexity of the
relationship between stress and tissue repair, as
researchers search for the mechanism of action.
Further work is needed to confirm whether the
relationship between stress and healing is consis-
tent; this is particularly important given the known
relationship between stress and behaviours such as
poor sleep patterns, poor nutrition, less exercise and
abuse of alcohol, cigarettes and drugs (Baum and
Posluszny, 1999).

Depression

Anecdotally, clinicians report that patients with
chronic wounds present with depression but the
data are inconclusive. Jones and colleagues (2006)
explored the prevalence of anxiety and depression
in 190 patients with chronic venous ulceration in
England, using the Hospital Anxiety and Depres-
sion Scale (HADS). They reported that 52 (27%)
people were reported as depressed, while 50 (26%)

scored as anxious, with the symptoms of pain and
odour most closely related to both anxiety and
depression. This research was followed by quali-
tative interviews (Jones et al., 2008, p. 56) which
demonstrated that, particularly for those with a first
leg ulcer, leakage and odour had an ‘all-consuming
impact on people’s ability to get on with everyday
living’.

For patients with diabetes who have already
developed peripheral neuropathy, a study by
Gonzalez et al. (2010) that followed 333 patients for
18 months (63 developed a foot ulcer) concluded
that self-reported depression is associated with an
increased risk of developing a first foot ulcer. Also
in 2010 Williams et al. published an American
population-based prospective cohort study of 3474
adults with type 2 diabetes and no prior DFU or
amputations, who were followed up for a mean of
4.1 years. In this study, major and minor depression
was assessed by the Patient Health Questionnaire-9
at baseline and followed up by a review of medi-
cal records: these results suggest that whilst 80%
of patients reported no depression, there was a
twofold risk of developing a foot ulcer in those with
major depression.

However, a study by Vedhera et al. (2010) con-
cludes that neither depression nor anxiety pre-
dicted healing at 24 weeks in a study of 93 patients
with active DFU. Winkley et al. (2007) observed that
depression predicts mortality over 18 months, but
was not associated with DFU recurrence or ampu-
tation, in contrast to the findings of Monamy et al.
(2008) who concluded that DFU healing at 6 months
and recurrence over 12 months were associated
with greater depression in patients with diabetes.
These contradictory results support the idea that
depression may play a different role in the preven-
tion of ulceration rather than actual healing, and
support a call for psychological interventions that
address depressive symptoms before skin break-
down occurs (Vedhera et al., 2010).

We must also be aware that those individuals
with mental health problems may also experience
wound problems; many fall outside those routinely
included in wound healing literature (e.g. factitious
or self-harming wounds) (see Chapter 17). Kilroy-
Finlay (2010) concludes that many of the tissue
viability issues experienced by patients with men-
tal health issues may be exactly the same as those
who present routinely in the primary care setting;
however, the management of such patients requires



Psychological Impact of Skin Breakdown 105

practitioners to be much more innovative in work-
ing with patients to find ways to help them adhere
to treatment.

Adjustment to physical
change/disfigurement

Whether a patient has lived with their skin condi-
tion from childhood or acquired the condition as
an adult, all individuals will undergo a period of
adjustment. Many of those who experience such
changes to their physical self can experience shock,
denial, anger and sadness before coming to terms
with their ‘new’ face or body.

However, it is important to remember that not
everyone reacts in exactly the same way – some-
times this is due to the severity of the condition,
although research has shown that those with less
‘severe’ changes often experience more psycholog-
ical distress than those with more severe changes
(Robinson, 1997). There are also other factors that
can relate to adjustment – the situation is so com-
plex, that many of the following factors interact
with each other, as shown in Figure 7.1.

Some individuals will cope quite successfully due
to their own personality and the support of their
family and friends, whilst others may need some
additional professional support to help them face
the problems of living with a skin condition. Nei-
ther group is any ‘better’ in terms of adjustment
than the other – they simply have different ways of
coping.

Coping strategies

Coping is seen as a process by which individuals
try to manage the perceived difference between the
demands they experience and the resources they
have to deal with these demands. For example,
patients can be overwhelmed by the time demands
of treatment, having to continually ask for time off
work to go for appointments, juggling the needs
of their family and may go through phases when
they feel they do not have the energy or skills to
keep managing everything. The strategies that peo-
ple use to cope with demanding situations include a
range of thought processes (e.g. thinking positively)
and actions (e.g. seeking information). These strate-
gies are often grouped into ‘approach’ (e.g. trying
to deal with the problem head on, confronting the
problem) or ‘avoidance’ (e.g. distracting attention)
strategies (Moos and Schaefer, 1984). For example,
some patients want to find out everything they can
about their illness, start making lists of what needs
to be done and who can help (these would be seen
as ‘approach’ strategies), whilst others can deny
that there is a problem and refuse to change their
behaviour, or increase their drinking behaviour to
avoid thinking about their new situation (these
would be classified as ‘avoidance strategies’).
Vedhera et al. (2010) suggest that patients who
used an ‘approach’ style of coping may be asso-
ciated with non-healing in patients with diabetic
foot wounds; this is a very surprising result as
approach strategies have traditionally been thought
to result in positive outcomes, and demonstrates

Figure 7.1 Interrelated factors that affect a patient’s ability to live successfully with a disfiguring condition.
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that we need to know more about coping strategies
in patients with skin breakdown.

Practice point

It is important to know about the range of strategies that
patients may use to cope with stressful situations. This
information can help us present alternative ways of cop-
ing when people feel desperate or frustrated and need
some guidance, particularly if they are using poor coping
strategies, such as taking it out on others. Remember that
patients often change their style of coping as a disease or
illness progresses: making a note or assessing the types
of strategies that patients are using can help you monitor
how well they are dealing with the situation.

Individuals may

� try to think of different ways to deal with the problem;
� tell themselves things to make themselves feel better;
� talk to their partner or other relatives about the

problem;
� make a plan of action and follow it;
� try to forget the whole thing;
� feel that time would make a difference – the only thing

to do is wait;
� try to help others with a similar problem;
� take it out on others.

(Moos, 1990)

Many patients report that it is not only ‘society’
that is unaware of the complexities of their situa-
tion, but that often healthcare professionals (HCPs)
are unhelpful or dismissive – skin conditions are
usually not life-threatening, and the problems
are often thought of as purely cosmetic and there-
fore not that important. Many patients report that
the longer they live with their condition, the easier
it is to cope with it (Patterson et al., 1993), and that
the quality of the social support they receive is also
important, with the positive involvement of family
and friends making a real difference to patients
(Papadopoulos and Bor, 1999).

Social support

Social support is a widely used term that refers to
the amount and type of support received by social
contacts: ‘Social support is the perceived comfort,
caring, esteem or help a person receives from other
people or groups’ (Wills, 1984, p. 34). Although
some work has looked at the amount of support an
individual receives, many researchers (e.g. Cohen

and Wills, 1985) feel that the quality and function
of the support experienced is more important than
the number of people in an individual’s personal
network.

Social support can be divided into:

� emotional support including the expression of
empathy, caring and concern, providing com-
panionship, a shoulder to cry on, etc.; and

� practical support including financial assistance,
providing information, advice, suggestions, etc.

Positive social support is beneficial to the patient
as this can help in the adjustment and coping pro-
cess. However, individuals do not always receive
such support. Some people are unlikely to receive
support if they are unsociable, do not help others
or do not let others know that they need help – this
could be because they are not assertive enough, do
not know whom to ask, do not want to lose their
independence nor become a burden to others. Some
segments of society are at risk of not getting sup-
port: men tend to have larger social networks than
women, but women use their networks more effi-
ciently, whilst many elderly individuals live alone
(Sarafino, 1994).

Body image

We live in a society that is dominated by two key
issues related to body image: the ‘body beautiful’
and ‘beauty equals goodness’. You do not have to
think for long to realise the extent to which soci-
ety is dominated by these concepts. An example is
the amount of money spent on cosmetics and the
pressure in the media to ‘look good’. It is impor-
tant to remember that these values are ‘socially con-
structed’; that is they are defined by the society that
we live in and the values are not ‘absolute’.

One of the main problems in the literature, par-
ticularly outside the area of eating disorders, is
that the term ‘body image’ has been used in an ill-
defined way. However, many clinicians are familiar
with the definition by Price (1990), who proposed
that body image is the totality of how we feel and
think about our bodies and its appearance; many of
the assumptions behind the model have not been
tested empirically, and as a result, writers such as
Gournay et al. (1997) state that the model is purely
speculative.
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Figure 7.2 ‘Self’ and body image.

Many clinicians report that those with body
image difficulties also experience low self-esteem.
Self-esteem is a personal resource that may mod-
erate the effects of disfigurement, incapacitating
illness and injury or threatening life events. We
know that an altered body image can lead to neg-
ative self-esteem in patients who experience acute
wounds following trauma, those with dermatolog-
ical conditions and those that live with long-term
disfigurement.

However, very often these findings are reported
incidentally to the quality-of-life data (e.g. Phillips,
1994; Walshe, 1995). In such studies, the lack of self-
esteem that is reported following leg ulceration may
be due to any number of symptoms, or related to the
overall impact of the experience. The complex ways
in which self-esteem, self-efficacy and body image
are interrelated are summarised in Figure 7.2.

For those with a skin condition or an open wound
it can often be difficult to disguise the fact that
their skin is different, especially if exposed areas
are affected. Be careful not to assume, however, that
those whose condition cannot be seen will have no
problems – this is clearly not the case. For exam-
ple, a female whose skin is affected in those parts
of her body that define her sexuality may have
extreme problems in developing intimate relation-
ships. Patients with pressure ulcers report the phys-
ical changes affected both their self-concept and
their body image (Gorecki et al., 2009). Many skin
conditions occur intermittently or are progressive,
and this element of uncertainty can add to feelings
of insecurity about how others will react (Jowett
and Ryan, 1985).

For those living with disfigurement or visual scar-
ring, the reaction of society to them because they
‘look different’ can have serious consequences for
their psychological health. Most people are uncer-
tain of how to react when they meet someone who

‘looks different’, and one of the biggest challenges
for individuals with a skin condition is coping with
the reactions of others. Although some individuals
experience rude comments and intrusive questions,
many of the messages from others are non-verbal,
such as staring, avoiding eye contact or avoiding
the person altogether. Over time such avoidance
behaviour can lead to feelings of lack of self-worth,
wanting to avoid social situations, difficulties in
making new friends or forming new intimate rela-
tionships (Porter et al., 1990). Indeed, many individ-
uals who experience such behaviour can become
either depressed (and withdraw from society) or
angry (and distance people even further).

Practice point

Stop and think about your own practice – do you stereo-
type patients or label the patients you care for? If so,
ask yourself why? If not, can you think of anyone you
work with who has either intentionally or unintention-
ally stereotyped patients? What impact does this have on
the way you and your colleagues work together?

One of the key factors to address this is that the response
from others is not always negative: many people stare
initially because they are curious or feel sympathy for
the individual. Many avoid making eye contact because
they are embarrassed that they will do or say the wrong
thing, and are aware that they do not really know how to
behave. However, over time this reaction of society can
lead to a ‘self-fulfilling prophecy’, whereby the individual
with a skin condition expects to be treated differently and
becomes sensitised to such behaviour, and focuses on it
when it occurs (Partridge, 1994).

Living with skin breakdown and chronic
wounds: symptom management

This chapter has given a clear indication that living
with a skin condition can result in a heavy burden
in terms of everyday social situations. However, it
must also be remembered that the physical symp-
toms of the condition can also have a major impact;
the pain associated with very dry and cracked skin,
the itching that can drive individuals to distraction,
interrupted sleep and, in some cases, the lack of
human contact through touch.

It is also important to remember that the use
of medications, treatments and topical prepara-
tions can be expensive, and they are difficult and
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time-consuming to apply, so that the time needed
to treat the condition can be considerable. The inter-
mittent and progressive nature of skin conditions
can mean that individuals feel they have no con-
trol over their condition or their lives. Individu-
als will go to great lengths to avoid exposing their
skin, and restrict their social activities so that they
need not expose their skin to others. Such expe-
riences, together with the reactions of others out-
lined above, indicate a profound effect on everyday
living. Qualitative research in this area has high-
lighted specific issues associated with living with a
chronic wound, such as fear about odour and leak-
age (Hopkins, 2004; Spilsbury et al., 2007), pain and
its management (Flanagan et al., 2006; Price et al.,
2008), mobility, anxiety, depression and frustration
with the healing process (Mudge, 2007), lack of
sleep and increased frequency of dressing and ban-
dage changes (Flanagan et al., 2006), which high-
light the difficulties associated with symptoms that
may dominate a person’s everyday life (Price, 2007).
Work in this area has shown that an improvement
in daily life quality is an important health outcome
that may, in the short term, affect a person’s moti-
vation to continue with treatment in the long term
(Speight et al., 2009).

Although pain is not the only symptom that
patients experience, there is little doubt that pain
has a major impact on everyday living, as patients
with wounds experience high levels of constant,
persistent pain, as well the pain from the inter-
ventions necessary to care for their wounds (e.g.
dressing changes) (Price et al., 2008; Gorecki et al.,
2009). Despite the clinical assumption that DFU are
not painful, recent work has suggested that this is
a genuine problem for many patients which has
been underestimated (Benstsson et al., 2008; Yunus
and Rajbhandari, 2011; Bradbury and Price, 2011a,
2011b).

In 2002, the European Wound Management Asso-
ciation (EWMA) produced a position document
on pain, followed in 2004 by the World Union of
Wound Healing Societies consensus statement on
key issues related to minimising pain at dressing
change. Both these documents represent an impor-
tant step forward in our understanding of pain as
applied to this patient group. Unfortunately, the
psychological aspects of pain, its perception and
treatment in this special group have yet to be fully
investigated. However, a trial of a community inter-
vention programme showed pain-level improve-

ments and improved ulcer healing for those with
extra focus on information sharing and preventive
care for the patient (Edwards et al., 2005). This
approach could be a model to help with the con-
siderable emotional aspects of wound pain.

A synthesis of qualitative studies on patients
with leg ulcers (Briggs and Flemming, 2007) clearly
demonstrates that living with the physical symp-
toms associated with an open, chronic wound dom-
inated the data from all 12 studies included in the
review. In addition to pain, patients reported odour,
itch, leakage and infection as problems. The rela-
tionship with the professional was described in
both positive and negative ways: positive themes
focused on therapeutic value, provision of conti-
nuity of care, providing strategies to cope with a
chronic condition and whenever possible, aiding
the patient to regain control of their lives. The neg-
ative comments from the data included disputes
between patients and their HCPs, being given con-
flicting advice, and across a number of studies
(n = 8) patients perceived there to be a lack of
time, trust, empathy and understanding – patients
felt they were not listened to, and dissatisfaction
with treatment was highlighted. Although not all
papers focused on psychological problems, many
papers reported feelings of embarrassment associ-
ated with the leg ulcer, the negative impact on body
image, fear of amputation, negative self-esteem,
anger, depression (in some cases linked to suicidal
thoughts) and a general sense of loss of identity (as
the wound dominated their lives).

The authors conclude that many professionals
work to a code of practice whereby the empha-
sis is on the route to healing, with the assumption
that a healed wound will improve quality of life.
However, they also note that aiming for healing
may not be the most appropriate route for those
with large, hard-to-heal wounds or for those whose
wound duration is extensive as this may ‘initiate a
spiral of hopelessness’ (Briggs and Flemming, 2007,
p. 326).

Measuring impact of skin breakdown

Many of the concepts discussed in this chap-
ter make intuitive sense to clinicians, but for
psychological and person-focused concepts to fit
into evidence-based clinical practice, they need to
be measureable so that we can assess whether
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treatments/interventions are available to improve
the patient experience as well as relevant clin-
ical outcomes. The assessment of health-related
quality of life (HRQOL) or health status comes
under the general heading of Patient Reported
Outcome Measures (PROMs), and has increased
in importance since regulatory bodies and gov-
ernments have emphasised the need to include
data on the impact of treatment on the individual
patient.

The term health-related quality of life (HRQOL) is
a specific term used to measure the effect of chronic
health conditions on patients in order to gain a bet-
ter understanding of how an illness interferes with
a person’s day-to-day life, and research in this area
has been helpful in improving services in some dis-
eases (e.g. cancer; Velikova et al., 2004). However,
it is a difficult concept to define because it is such a
complex phenomenon. It is therefore considered as
being composed of separate domains, such as phys-
ical functioning, social life and well-being. HRQOL
has been used in the field of wound healing to mea-
sure the effect of living with chronic wounds in
different patient populations (Persoon et al., 2004;
Palfreyman, 2008; Gorecki et al., 2009; Green and
Jester, 2010; González-Consuegra and Verdú, 2011);
many reviews consistently report that patients with
chronic non-healing wounds tend to display lower
mean HRQOL domain scores than healthy adults or
than patients with healed wounds (Price and Hard-
ing, 2000; Armstrong et al., 2008).

In recent years, a number of generic and condi-
tion specific instruments have been developed to
calculate a person’s HRQOL. Generic tools have
been designed to compare the impact of a range of
health states and so include general questions about
health status, whilst condition-specific tools have
been designed to measure the impact of a particu-
lar condition or illness on those patients. However,
no single assessment tool can suit every purpose or
application, and therefore it is important to choose
an appropriate assessment tool that is both valid
and reliable for the patient group under investiga-
tion as misinterpretation of results can be detrimen-
tal. Recent reviews have attempted to summarise
condition-specific tools for certain wound types;
for example, Hogg et al. (2012) have provided an
overview of current condition-specific tools avail-
able for patients with diabetic foot wounds and con-
cluded that there was no one patient-reported out-
come identified as a ‘gold standard’ at this time.

Factors affecting treatment

It is important to stress the importance of the
patient–practitioner relationship in helping
patients to come to terms with their skin condition
or wound. Many patients look to HCPs to provide
them with help in dealing with the psychological
problems associated with their condition, as well
as help with clinical treatment. The importance of
good communication patterns cannot be overem-
phasised as patients, whether adults or children,
need someone who will see beyond the skin
condition/wound to the person. Through sup-
portive communication, HCPs can help patients to
understand their condition, support them through
lifelong behaviour change and assist in negotiating
agreed care plans. Most problems associated
with skin problems are not life-threatening and
dermatology/wound issues are often dealt within
an outpatient or community setting. Indeed, many
patients often try initially to deal with the skin
breakdown themselves, under the guidance of fam-
ily and friends, before approaching a professional
caregiver (Briggs and Flemming, 2007), which
suggests that we may not be aware of the hidden
burden of skin care problems. The increasing
recognition of the psychological distress that can
be experienced by some patients has lead to the
development of multidisciplinary teams, ideally
working together to ensure patients are able to
manage their treatment as well as the underlying
condition.

Compression therapy is the treatment that is
advocated with a strong evidence base for the man-
agement of patients with chronic venous ulcera-
tion, but the major inconvenience accompanying
the use of compression bandages creates the need
for rigorous adherence over a long period of time
(Moffatt, 2004). The proportion of those healing
appears to be directly related to adherence, yet for
some patients, adherence to compression systems
has been reported as poor (Edwards et al., 2002).
Patients are also undergoing a wide range of more
complex treatments in response to their complex
skin conditions; for example, patients with open
wounds reported on their experiences using nega-
tive pressure (Moffatt et al., 2011) and described the
negative impact of not understanding why their
wounds failed to heal, matched with the positive
experiences associated with a treatment that dealt
with copious exudate levels. This study highlights
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the positive change in patient’s experience that can
follow from a relationship with HCPs who were
able to effectively communicate information about
the potential positive benefits of interventions, and
manage patient expectations appropriately.

A patient’s relationship with their HCP has fre-
quently been highlighted in the literature as having
an influence on adherence to treatment (Vermeire
et al., 2001). A collaborative relationship with the
HCP has been shown to encourage more patient
control, better self-esteem and improved coping
strategies (Douglas, 2001; Hareendran et al., 2005).
Nevertheless, HCPs are often accused of not listen-
ing to patients or not adequately explaining treat-
ments to patients (Charles, 1995), and there is lit-
tle research which questions the influence of HCPs’
beliefs about patients on their professional decision-
making.

Patients’ frustration with the healthcare system
has been shown to encompass the whole manage-
ment of their condition ranging from transport dif-
ficulties, inconsistency of treatment, lack of confi-
dence in the HCP and a sense of being forced/
coerced into treatment strategies, sometimes
against their will (Rich and McLachlan, 2003). Two
discerning factors that influence patient adherence
are a belief that the treatment is worthwhile and
a belief that the treatment is uncomfortable (Jull
et al., 2004). The main drawback of compression
therapy has been described as discomfort and intol-
erance, which can be exacerbated by incorrect appli-
cation (Tonge, 1995). Demographic details such as
age, sex, marital status, number of people in the
household and social class have consistently been
observed as poor indicators of treatment adherence
(Vermeire et al., 2001). Patients may feel that too
many demands are being expected of them and as
time passes without ‘cure’, enthusiasm may wane.

Many patients with wound-healing difficulties
are also coping with the management of a chronic
disease or chronic condition that requires them
to make lifestyle behaviour changes, e.g. manag-
ing glucose levels through diet and exercise. Many
find it difficult to make such changes, and often
experience feelings of powerlessness when faced
with such challenges. Motivation is fundamental
to adherence and the key to developing individual
motivation is personal self-awareness and knowl-
edge (Wilkinson, 1997); hence clinicians often focus
on the concept of empowerment when working
with patients over extended time periods in order

to fully engage them in the process of behaviour
change, although there is very little research work
underpinning its use in patients with wounds.

‘Empowerment’ as a concept has been the focus
of discussion for the past 20 years, and was defined
in 2010 by Anderson and Funnell (p. 277) as ‘a pro-
cess designed to facilitate self directed behaviour
change’. However, the definition is not accepted
by all. Indeed, some have gone so far as to argue
that the whole concept is not well-understood
(Asimakopoulou et al., 2011), that there is confusion
between ‘empowerment’ and a ‘patient-centred’
approach (Holstrom and Roing, 2010) and that
some researchers use the term as an alternative
to ‘compliance’, where patients are responsible for
their choices and the consequences of those choices
(Aujoulat et al., 2008).

Practice point

It can be very difficult to maintain motivation to adhere to
treatment or keep to lifelong changes in behaviour. Think
about ways in which you could help patients with this
ongoing problem.

You might want to think about the following tips:

� Patients are all different and need advice that suits the
way they live their lives: a more personal approach
often makes it easier for patients to accept advice.

� Work with patients and listen to the reasons they use
to explain their difficulties; this can help to agree on a
treatment plan that fits into their everyday lives.

� Explain that lifelong changes take time; using positive
feedback is important to keep patients motivated.

� Be reasonable – changing everything in one go is
impossible; break down the changes into smaller steps
with realistic goals, so that patients can see their own
success.

� Avoid giving mixed messages or contradictory advice,
as this leads to confusion and patients feel there is little
point in changing behaviour, as the ‘experts’ cannot
agree on what is best. This means staff must work as
a team, and ensure good communication across the
professions involved in patient care.

� Make sure patients really understand what you have
advised them to do: it can help to ask patients to report
back to you what they understand has been agreed.

Norris et al. (2001) reviewed the effectiveness of
management training in type 2 diabetes and found
evidence to support an improvement in patients’
knowledge and self-care skills, but this did not
necessarily lead to an improvement in glycaemia
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control or cardiovascular risk factors. In 2010,
Dorresteijn et al. published their updated system-
atic review on patient education for preventing
diabetic foot ulceration, and concluded that there
is insufficient robust evidence that simple patient
education alone can lead to a clinically relevant
reduction in ulcer and amputation incidence. This
conclusion may reflect the complex and multidi-
mensional nature of patient empowerment that
may be needed for sustained behaviour change.

Healthcare systems also need to consider the
ways in which self-management can be built into
a framework of care, particularly knowing the pro-
jected increase in the elderly population (Bloom
et al., 2011), many of whom will present with
wound problems, and the anticipated worldwide
increase in diabetes (and associated complications)
(Mainour et al., 2007; Lauterbach et al., 2010). These
increases will happen at a time when there is
likely to be a reduction in the percentage of skilled
HCPs (as a proportion of the population) due to
the forecasted balance of numbers in the work-
place compared with the proportion of the pop-
ulation of retirement age (Bloom et al., 2011). It
is almost inevitable that we will need to develop
professional–patient partnerships, increase collab-
orative care and self-management education and
‘empower’ people to think critically and make
informed decisions in partnership with HCPs.

Interventions

The form of psychological intervention with the
most evidence of success is cognitive behavioural
therapy (CBT). This is a term used to describe a
programme of therapy to work on how people
think and behave in relation to problem areas (e.g.
pain) and to help the patient manage and cope
with the situation. The first principle of cogni-
tive behavioural assessment is that an individual’s
behaviour is determined by their immediate situa-
tion and their interpretation of that situation (e.g.
many patients see pain as ruling their lives and
cannot see how this can change without pharmaco-
logical intervention).

The programme is always time-limited, with
clearly agreed-upon goals. A programme should
include positive reinforcement of ‘well’ behaviour,
increasing general fitness and developing insight
into the nature of self-defeating thought patterns
and the ‘evidence’ that individuals use to justify

them. There have been several systematic reviews
of CBT for adults with chronic pain (Malone and
Strube, 1988; Flor et al., 1992; Turner et al., 1996;
Morley et al., 1999), each of which concluded that
there is good evidence of effectiveness, especially
when compared with no-treatment controls or edu-
cation alone. However, there is also evidence that
the success of CBT is dependent on the experience
and quality of the therapist. Recent work in Canada
has shown that a programme of group CBT session
led to short-term improvements in anxiety, depres-
sion, stress and quality of life for 60 patients with
diabetes, with a range of complications (Evans et al.,
2010). The evidence for the effectiveness of CBT in
patients with psoriasis is now sufficiently strong
that researchers are evaluating ways in which the
process can be further refined by the inclusion of
an understanding of patient schemas (i.e. ingrained
cognitive and emotional patterns); initial work is
promising, although further work is needed at this
stage (Mizara et al., 2011).

HCPs should encourage patients to become
involved in coping skills training, behavioural con-
tracts, biofeedback, relaxation and distraction tech-
niques, or social support/self-help groups. Help
in organising their day to include exercise, social-
isation, TV, music and relaxation can encourage
patients to take more control and improve their
coping ability. Although there has been little spe-
cific research on psychological interventions for
pain in wound care, there are lessons that can be
learnt from the chronic pain world that show that
a few changes to clinical practice can have a bene-
ficial impact on patients. HCPs must be aware that
the wound pain experience will not only relate to
the acute pain experienced during treatment inter-
ventions (e.g. dressing changes, debridement) but
may also exist as chronic, persistent pain which
dominates the lives of their patients. Awareness of
the benefits of psychological interventions, espe-
cially as part of a package of pain-related care,
may lead to major improvements in the everyday
lives of those living with chronic wounds. In 2007,
Price et al. (2007) published a Wound Pain Man-
agement Model, which highlighted the range of
options available to assist in dealing with this diffi-
cult symptom (Figure 7.3); such strategies, in addi-
tion to good local skin care/wound management
and the appropriate use of pharmacological assis-
tance, can help support patients to take control of
this aspect of their lives.
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Figure 7.3 Wound pain management.

In recent years, there has been a move to explore
whether relaxation and anger management relate to
wound healing, with Gouin et al. (2008) reporting
in a study (n = 100) on the physiological mecha-
nism by which relaxation can facilitate acute wound
healing in healthy volunteers. The hypothesis that
relaxation would lead to faster healing was not
supported, but secondary analysis indicated that
those able to control their anger were associated
with faster healing (possibly through lower cortisol
levels), even when controlled for hostility, negative
affectivity, social support and health behaviours.
It is unclear at this stage how relevant these find-
ings are for those with chronic wounds, although
successful therapeutic strategies are available to
help individuals improve control over the expres-
sion of their anger (Del Vecchio and O’Leary, 2004)
should this become an area of future development.
A pilot study to evaluate a 12-week intervention
that includes cognitive education on skin and gen-
eral health issues, together with stress-reducing
techniques (n = 43), has shown significant improve-
ments in self-reported HRQOL measures after par-
ticipation in the programme for patients with a
range of skin conditions, including those with pso-
riasis and atopic dermatitis (Lambert et al., 2011).

Although assessment of psychological and
patient-focused measures is progressively being

recognised as an integral element of holistic
chronic wound management, there is still much
to learn about these complex processes. In a
world of increasing demands and expectations from
patients, in terms of the quality of their care and the
clinical outcomes associated with interventions, the
impact of care provision on health and social gain
is becoming an ever more prominent concern for
healthcare providers. Further research is required if
we are to design strategies to maintain and improve
quality of life, everyday living and treatment
satisfaction.

Clinical reflection

� Everyday living will be affected for many
patients.

� Perceived severity is linked to psychological
distress.

� Individuals may vary in how they cope with
the associated distress, but the problems are
often similar regardless of skin condition/type
of wound.

� If you are really concerned about the psycho-
logical status of your patient, make sure you
discuss the situation in a professional man-
ner with senior colleagues who will have more
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experience of working with patients with skin
conditions.

� If a patient is self-harming or clearly interfering
with the wound, then an immediate referral for
specialist help should be made – be careful not
to jump to conclusions and blame the patient if
a wound/skin condition is not improving, but
be aware that for a very small group of patients
the underlying condition may be psychiatric.

Summary

Compared with other areas of our understanding
of skin breakdown and its management, the issues
related to the psychological problems that patients
experience are in their infancy. We have strong
data that show the quality of life of patients with
skin breakdown can be very poor; such patients’
lives are often dominated by the physical symp-
toms they experience, the time-consuming ways
of treating their skin breakdown and the fear of
future recurrence. Positive relationships with HCPs
can help patients make the best of the manage-
ment of their skin; good communication, consis-
tent information, supportive and active listening
and involving patients in making decisions about
their care are all ways in which we can routinely
ensure that the patient’s well-being is at the cen-
tre of our thinking. Many, but not all, patients may
experience increased stress, anxiety and/or depres-
sion; knowing about these conditions and ways in
which patients try to cope – often on their own – can
aid professional staff in assessing and monitoring
patient progress, noting that these emotional expe-
riences may interfere with the patient’s ability to
adhere to treatment and directly impact their abil-
ity to heal. Sometimes relatively straightforward,
low costs changes to how we interact with patients
can have a positive, enhancing effect on their ability
to understand their treatment and get involved in
skin management in a way that leads to improved
outcomes – and ultimately enables patients to live
their lives in the most positive way possible.

Useful resources

Many self-reported questionnaires can be found online
using resources such as:

The PROM Group, Oxford. Patient-reported outcome
measures (PROMs).

Available at: http://phi.uhce.ox.ac.uk/home.php
Medical Outcomes Trust
Available at: http://http://www.outcomes-trust.org
The Patient-reported Outcome and Quality of Life Instru-

ment Database (PROQOLID).
Available at: http://www.proqolid.org.
Although these are not restricted to PROMs related to

skin breakdown, they provide links to generic and
condition-specific tools, as well as related publications.

International consensus. (2012) Optimising Wellbeing in
People Living with a Wound. An Expert Working Group
Review. London: Wounds International.

Available at: http://www.woundsinternational.com
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Overview
� Pressure ulcers are a serious health issue: they cause considerable pain and suffering to patients and place a significant

financial burden on healthcare systems.
� Inconsistencies in pressure injury prevalence and incidence data mean that comparison is difficult across different clinical

settings and geographical areas.
� Non-blanchable erythema, lymphopenia, immobility, dry skin, decreased body weight and a previous history of pressure

injury are significant risk factors for pressure ulceration in patients whose activity is limited to the bed or chair.
� The principles of management can be broadly directed towards preventing further pressure damage, optimising the health

and potential healing of the individual and optimising the local wound healing environment.
� There is a high level of agreement among international guidelines on the prevention and management of pressure ulcers.
� There is currently no evidence to support the increased effectiveness of one higher-specification foam mattress over another,

but they appear to be more effective in preventing pressure ulcers than standard hospital foam mattresses.
� Education of clinicians, carers and individuals is fundamental for preventing pressure ulceration and optimising healing.

High-risk individuals living independently should receive regular instruction on how to conduct self skin inspections on a
regular basis.

Introduction

Florence Nightingale was a visionary and one of
the earliest authors to appreciate the importance
of preventative skin care and the concept of risk of
skin breakdown (Baly, 1991). It was to be another
100 years before nurses were using risk assessment
tools for predicting pressure injury. It proved to be
equally as long, before clinicians and researchers
engaged in rigorous endeavours to ascertain the

pathophysiology of pressure injuries and deter-
mine the best evidence for their prevention and
management.

In Nightingale’s era, time spent in bed was
deemed to be the cause of the problem and thus,
the resultant issue was termed a ‘bed sore’. Over
succeeding generations, other terms such as decu-
bitus ulcer (from the Latin decumbere, which means
‘to lie down’), pressure area, pressure sore, pressure
ulcer, pressure necrosis and, more recently, pressure
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injury have been employed as synonymous terms.
Whilst pressure ulcer is perhaps the most com-
monly embraced term, many consider it as failing
to adequately describe a stage I lesion. Technically,
an ulcer is a wound that breaches the epidermis
and extends into the dermis or presents as erosion
of the mucosa, and stage I ‘ulcers’ present as intact
non-blanching skin. It is because of this confusion
that the term ‘pressure injury’ is gaining in popu-
larity in some countries (AWMA, 2011), as the term
is more definitive, and indicates that injuries are
largely preventable.

Regardless, a pressure ulcer (and its various syn-
onymous terms) has been defined as a ‘localised
injury to the skin and/or underlying tissue usu-
ally over a bony prominence, as a result of pres-
sure, or pressure in combination with shear and/or
friction’.

Pressure injuries are considered by most to
be largely preventable wounds (Orsted et al.,
2010). However, they continue to pose significant
health issues for susceptible individuals and health
providers. Pressure ulcers have been reportedly
found on ancient Egyptian mummies (Thompson,
1961) and Nightingale’s nurses during the Crimean
War reported the presence of extensive bed sores
amongst wounded soldiers who had been left for
days on frozen battlefields or bare boat boards dur-
ing transport to Scutari (Richardson, 1977). When
one considers the quantum leap in contempo-
rary knowledge and state-of-the-art pressure off-
loading equipment developed since the late 1880s,
it is astonishing that pressure ulcers continue to be
such common and problematic wounds. Pressure
ulcers significantly impact on the global healthcare
burden. However, the impact on individuals has
far-reaching consequences due to increases in mor-
bidity and mortality and lessening of quality of life.

Prevalence and incidence

Prevalence measures the number of people with
an existing pressure ulcer at a given point in time,
whilst incidence measures the number of individ-
uals with a new pressure ulcer within a speci-
fied population and over a specified period. Pres-
sure ulcer prevalence and incidence rates, when
reported, vary across clinical settings both nation-
ally and internationally. However, benchmarking is
made difficult by inconsistencies in data collection
and analysis methods. For instance, some health

facilities report stage I pressure damage whilst oth-
ers do not. Some facilities conduct skin inspections
to ascertain the existence of pressure ulcers, whilst
others conduct data audits of case notes. Of consid-
erable concern is the fact that some surveys exclude
psychiatric, maternity and paediatric populations.
Some report point prevalence whilst others period
prevalence, and challenges for determining inci-
dence abound. Although an increasing number of
national and international health providers collect
prevalence and incidence data, the opportunity for
effective benchmarking is sadly lost because of this
dearth of agreement in regards to methodology
employed.

However, limited insight into the scope of the
international problem can be glimpsed in pub-
lished reports. A Welsh study conducted across
orthopaedic units in National Health Service Trusts
in 2007 and amongst orthopaedic patients in com-
munity hospitals in 2008 reported a pressure ulcer
prevalence of 13.9% and 26.7%, respectively (James
et al., 2010). Whilst a clinical audit, conducted across
44 acute NHS trusts in England and Wales over
3 years (2005–2007) revealed an overall prevalence
of 10.3%, and 50% of the ulcers were hospital
acquired (Phillips and Buttery, 2009). A Swedish
survey conducted amongst adult medical and sur-
gical patients in an university hospital and a gen-
eral hospital found a pressure ulcer prevalence of
17.6% and 9.5%, respectively, and when compar-
isons were made with the Collaborative Alliance
for Nursing Outcomes, a benchmarking registry in
the United States, the latter group reported 6.3–6.7%
prevalence (Gunningberg et al., 2011). In Australia,
pressure ulcer prevalence in 10 national acute care
facilities ranged from 4.5% to 27%11. However, these
ad hoc findings serve little collective good unless
clinicians and administrators can undertake bench-
marking activities. Thus, what is urgently required
is a standardised approach to the collection of
prevalence and incidence data, and a willingness
to share that data for benchmarking purposes.

Pathophysiology

A network of vascular and lymphatic vessels car-
ries the nutrients and oxygen necessary for cell
metabolism and epidermal mitosis to the skin and
its underlying tissues. This network is also active in
temperature regulation and the removal of waste
products (Bridel, 1993). Damage to tissues results
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from excessive or sustained compression of the vas-
cular and lymphatic network. When compression
exceeds the perfusion pressure and structural resis-
tance of the capillaries, oxygenation and nutrient
supply to the skin and underlying tissue is com-
promised. This results in localised tissue ischaemia,
hypoxia, acidosis, oedema and necrosis.

Capillary-closing pressure, or the pressure
required to collapse capillaries and prevent blood
flow, was cited in 1930 by Landis as 32 mmHg.
However, capillary-closing pressure will vary
between individuals, depending on vessel struc-
ture, adipose tissue deposition overlying bony
prominences, blood pressure and general health
status (Landis, 1930). Capillaries are compressed
when external pressure is applied and all individu-
als are constantly affected by pressure being applied
to a body surface when it comes in contact with an
object or a hard surface. Healthy, cognitively aware
individuals spontaneously react to the discomfort
related to sustained pressure and resultant capil-
lary compression and tissue hypoxia by moving or
repositioning the body in order to relieve the dis-
comfort. The immediate reperfusion response in the
tissues when pressure is relieved is termed reactive
hyperaemia. The affected tissues become bright red
until reperfusion is optimised and skin tone returns
to normal.

Failure to adequately relieve tissue pressure
results in the following sequelae: vessel occlusion,
tissue hypoxia, pallor, ischaemia, increased capil-
lary permeability and resultant accumulation of
metabolic wastes and proteins in the interstitial
space and oedema (Pieper, 2007). The resultant
oedema further impairs tissue and skin perfusion
and a pressure ulcer results.

Pressure

Pressure is the major cause of pressure ulcers, and
pressure is defined as perpendicular force (or force
applied at right angles) applied to an anatomi-
cal surface per unit area of application (Taalajasjo
et al., 2010). However, damage to the skin can also
result from shearing and friction forces, and often
in conjunction with pressure. Shear or sheer stress
is defined as parallel or tangential force. Shear pro-
duces distortion of the tissues, causing two adja-
cent internal tissues to deform in the transverse
plane (Reger et al., 2010). Shear can occur when
the individual is lying flat (Reger et al., 2010), but is

Figure 8.1 Sacral pressure ulcer caused by a combination of
friction and shear. Photo courtesy of Madeleine Flanagan.

more commonly associated with sliding or pulling
activities. There is an increased risk of shear injury
amongst elderly or dehydrated individuals when
skin turgor and elasticity is reduced and tissues
are more flaccid. Shear stress more readily deforms
flaccid skin and subdermal tissues with resultant
capillary compression and occlusion, when gravi-
tational force causes the individual laying or sitting
in a semi-recumbent position, to slide down the
bed or chair (Reger et al., 2010). Although capillar-
ies are more commonly affected by shear, deeper
and larger blood vessels can also be affected which
in turn extends the tissue damage into adjacent tis-
sues such as muscle. Figure 8.1 shows a pressure
ulcer caused by a combination of friction and shear.

Friction

Friction is generally referred to as rubbing of one
surface against another (NPUAP, 2007) or the ‘force
that resists the relative motion of two objects that
are touching’ (Reger et al., 2010). The force applied
to the ‘patient–support surface interface is depen-
dent on the perpendicular force and the coefficient
of friction of the skin and the contact surface’ (Reger
et al., 2010). The coefficient of friction is described
as ‘a measurement of the amount of friction exist-
ing between two surfaces’ (Reger et al., 2010), and
is dependent upon the contact surface material, the
skin or surface moisture and the ambient humidity
(Carville, 2007). The coefficient of friction is higher
in the presence of macerated skin or wet support
surfaces and when the skin is in contact with rough
or wrinkled textiles or bedding. The resultant injury
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presents as a blister or abrasion. Blisters all too com-
monly occur on the heels of individuals with a frac-
tured femur, because they tend to find it too painful
to lift their heels when repositioning, and associ-
ated pressure, shear and friction injuries occur as
they fail to relieve pressure under their heels and
drag their heels against the support surface.

The development of a pressure ulcer is depen-
dent upon the intensity of pressure applied to the
tissues, the duration of applied pressure and the
tissue tolerance or capacity of the skin and under-
lying tissues to endure the pressure without harm-
ful effects (Burman, 1994; Carville, 2007; AWMA,
2011).

Risk factors

Risk factors associated with pressure ulceration
are those factors that influence the intensity and
duration of pressure applied, or the skin and tis-
sue’s capacity to tolerate the pressure (AWMA,
2011). Clinical practice guidelines report risk fac-
tors as being either intrinsic or extrinsic in nature.
Numerous intrinsic and extrinsic factors have been
associated with pressure ulceration (Ayello and
Lyder, 2008, 2009; AWMA, 2011). Intrinsic risk fac-
tors are predominately those that reduce the skin
and its supporting structure’s tolerance to pressure
because of vascular, lymphatic, nutritional, perfu-
sion, temperature regulation, excess moisture, sen-
sory, mobility and activity compromise.

Commonly reported intrinsic and extrinsic fac-
tors are summarised below:

Intrinsic factors
� advancing age over 65 years and more espe-

cially over 75 years is a common demographic;
� chronic illnesses such as diabetes, carcinoma,

peripheral arterial disease, cardiopulmonary
disease, lymphoedema, renal impairment or
failure, hypotension and anaemia;

� smoking;
� immobility and inactivity deficits that impair

repositioning and movement;
� sensory deficits due to cognitive or neurological

impairment, sedative medications or anaesthet-
ics;

� malnutrition and dehydration and associated
extremes in weight;

� dry skin;
� non-blanchable erythema;

� elevated skin temperature due to raised core
body temperature, elevated ambient tempera-
ture or skin contact with materials that reduce
air flow such as plastic and vinyl surfaces.

(Ayello and Lyder, 2008, 2009; AWMA, 2011)

Extrinsic factors

� shear;
� friction;
� moisture from increased ambient humidity, uri-

nary or faecal incontinence, diaphoresis, spilled
fluids and uncontrolled wound exudate.

(Ayello and Lyder, 2008, 2009; AWMA, 2011)

Pressure, shear and friction are closely linked to
soft tissue breakdown, especially when over a bony
prominence. The relationship between these forces
is complex and depends on local conditions (micro-
climate) at the skin–support surface interface such
as humidity, moisture control and skin temperature
(Clarke et al., 2010).

Psychological impact

In recent years, researchers have started to demon-
strate the full extent of the psychological impact
that pressure ulcers have on individuals with pres-
sure damage. A systematic review by Gorecki et al.
(2009) focusing on the impact of pressure ulcers on
HRQL evaluated the responses of 2463 adults with
pressure ulcers in hospital, community and long-
term care settings across Europe, the United States,
Asia and Australia.

The conclusion highlighted that pressure ulcers
and treatment cause substantial distress to patients
and their families and have a significant impact on
patients HRQL. This review highlights the social
isolation that results from having a large pressure
ulcer, as patients are fearful of others’ reaction to
exudate leakage and smell.

Clinicians are aware that pressure ulcers cause
patients pain and discomfort which affects their
everyday lives. However, a recent systematic
review by Gorecki et al. (2011) demonstrates that
even relatively minor skin damage can cause
patients excruciating pain that interferes with sleep,
appetite and causes significant anxiety and dis-
tress. Patients described unrelenting background
pain originating from their pressure ulcers that is
not well controlled by analgesia and not effectively
managed by health professionals. This finding
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supports the earlier work by Hopkins et al. (2006)
that found that elderly people with severe pres-
sure ulcers reported that pain was constant and
unremitting and relieved by keeping still. Stud-
ies in this area are consistent and demonstrate that
pressure damage has a major and lasting psycho-
logical impact on those unfortunate to suffer skin
breakdown and that clinicians struggle to acknowl-
edge these issues and manage them effectively
(Spilsbury et al., 2007; Gorecki et al., 2009, 2011).

Current best practice

The management of an individual with a pressure
ulcer requires an interprofessional and collabora-
tive approach. The principles of management can
be broadly directed towards preventing pressure
damage, optimising the health and potential heal-
ing of the individual and optimising the wound
healing environment.

Assessment outcomes will determine short-term
goals of care and deficits in nutrition, hydration,
mobility, activity and skin condition will need to
be remedied. Optimisation of the wound healing
environment is dependent upon evidence-based
wound management interventions which should be
directed towards:

� redistribution of pressure and elimination of
shear and friction;

� maintenance of a stable wound temperature
and pH;

� debridement of nonviable tissue;
� preservation of moisture balance;
� prevention or management of infection.

The effective management of patients at risk of,
or suffering from pressure ulceration is dependent
upon organisational support, adequate resources
and implementation of best clinical practice that
addresses redistribution of pressure, nutritional
assessment continence management and pain
control.

Prevention strategies

There is no better implementation of the old
adage ‘prevention is better than cure’ than when
guiding strategies for pressure ulcer prevention.
Although prevention costs are difficult to ascer-
tain, the implicit and explicit costs associated with

the treatment of pressure ulcers are considerable
and far outweigh costs associated with prevention
(Lapsey and Vogels, 1996; Lyder et al., 2002).

The costs associated with treating pressure ulcers
in the United Kingdom in 2004 were determined to
be £1.4 to £2.1 billion (Bennett et al., 2004). In the
United States, the annual cost of treating hospital-
acquired pressure ulcers was estimated to be $11
billion between 2007 and 200923, 24, 25, and in that
country, there was found to be a 79% increase in
hospital-acquired pressure ulcers between 1993 and
2006 (Ayello and Lyder, 2009).

In Australia, in common with other countries, it
has been determined that pressure ulcers increase
the average length of hospital stay by 4 days
(Graves et al., 2005), which places a significant and
unnecessary burden on health providers and indi-
viduals. Therefore, identification of individuals at
risk of pressure ulcers and the implementation of
strategies to eliminate or reduce the risks under-
pins principles for best practice.

Pressure ulceration: assessment
considerations

As is the case with all types of wounds, individuals
with pressure ulcers require a comprehensive and
systematic assessment of the person, their skin,
wound and healing environment. Assessment of
the person should provide documented evidence
of:

� health history;
� age and age-related changes;
� medication history;
� psychosocial implications of wounding;
� skin status;
� nutritional status;
� sensitivities and allergies;
� pain;
� relevant diagnostics and investigations;
� vital signs;
� the individual’s perceptions and wound heal-

ing goals and their ability to participate in
self-care.

Biochemical, microbiological or histopathological
diagnostic investigations may be required to sup-
port a clinical diagnosis.

Assessment of the pressure injury includes the
staging of the damage as outlined in Figure 8.2.
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Category/Stage I: Non-Blanchable Erythema
Intact skin with non-blanchable redness of a localised area usually over a bony prominence. Darkly pigmented skin may not
have visible blanching; its colour may differ from the surrounding area.

The area may be painful, firm, soft, warmer or cooler as compared to adjacent tissue. Category/Stage I may be difficult to
detect in individuals with dark skin tones. May indicate ‘at risk’ persons (a heralding sign of risk).

[a(1)] [a(2)]

Category/Stage II: Partial Thickness Skin Loss
Partial thickness loss of dermis presenting as a shallow open ulcer with a red pink wound bed, without slough. May also
present as an intact or open/ruptured serum-filled blister.

Presents as a shiny or dry shallow ulcer without slough or bruising∗. This Category/Stage should not be used to describe skin
tears, tape burns, perineal dermatitis, maceration or excoriation.

∗Bruising indicates suspected deep tissue injury.

[b(1)] [b(2)]

Figure 8.2 International NPUAP–EPUAP Pressure Ulcer Classification System (http://www.npuap.org/resources.htm). Used with
permission of the National Pressure Ulcer Advisory Panel, August 2012. C© NPUAP. Photos courtesy of Caryn Carr (a2 and b2),
Madeleine Flanagan (c2 and f2) and Lorraine Grothier (d2 and e2). (Continued)

http://www.npuap.org/resources.htm


Pressure, Shear and Friction 125

Category/Stage III: Full Thickness Skin Loss
Full thickness tissue loss. Subcutaneous fat may be visible but bone, tendon or muscle are not exposed. Slough may be
present but does not obscure the depth of tissue loss. May include undermining and tunnelling.

The depth of a Category/Stage III pressure ulcer varies by anatomical location. The bridge of the nose, ear, occiput and
malleolus do not have subcutaneous tissue and Category/Stage III ulcers can be shallow. In contrast, areas of significant
adiposity can develop extremely deep stage III pressure ulcers. Bone/tendon is not visible or directly palpable.

[c(1)] [c(2)]

Category/Stage IV: Full Thickness Tissue Loss
Full thickness tissue loss with exposed bone, tendon or muscle. Slough or eschar may be present on some parts of the wound
bed. Often includes undermining and tunnelling.

The depth of a Category/Stage IV pressure ulcer varies by anatomical location. The bridge of the nose, ear, occiput and
malleolus do not have subcutaneous tissue and these ulcers can be shallow. Category/Stage IV ulcers can extend into muscle
and/or supporting structures (e.g. fascia, tendon or joint capsule) making osteomyelitis possible. Exposed bone/tendon is
visible or directly palpable.

[d(1)] [d(2)]

Figure 8.2 (Continued)
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Unstageable: Depth Unknown
Full thickness tissue loss in which the base of the ulcer is covered by slough (yellow, tan, grey, green or brown) and/or eschar
(tan, brown or black) in the wound bed.

Until enough slough and/or eschar is removed to expose the base of the wound, the true depth, and therefore Category/Stage,
cannot be determined. Stable (dry, adherent, intact without erythema or fluctuance) eschar on the heels serves as ‘the body’s
natural (biological) cover’ and should not be removed.

[e(1)] [e(2)]

Suspected Deep Tissue Injury: Depth Unknown
Purple or maroon localised area of discoloured intact skin or blood-filled blister due to damage of underlying soft tissue from
pressure and/or shear. The area may be preceded by tissue that is painful, firm, mushy, boggy, warmer or cooler as compared
to adjacent tissue.

Deep tissue injury may be difficult to detect in individuals with dark skin tones. Evolution may include a thin blister over a
dark wound bed. The wound may further evolve and become covered by thin eschar. Evolution may be rapid, exposing
additional layers of tissue even with optimal treatment.

[f(1)] [f(2)]

Figure 8.2 (Continued)
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Assessment and documentation of the parame-
ters of wound assessment includes

� pressure ulcer aetiology (eliminate other aeti-
ologies such as incontinent dermatitis, ecchy-
mosis, senile purpura, malignancy, etc.);

� duration of ulcer;
� location;
� dimensions (length, width, depth and under-

mining);
� clinical characteristics of the wound bed (agran-

ular, granular, necrosis, slough, exposed bone or
tendon, epithelium);

� wound edges (raised, rolled, undermined,
coloured);

� wound exudate (amount, colour, consistency,
odour);

� peri-ulcer skin appearance (induration, ery-
thema, oedema, maceration);

� signs of overt or covert infection.
(NPUAP, 2007)

Assessment of the individual’s healing environ-
ment should identify factors and behaviours that
could impact healing or potentially lead to new
episodes of pressure ulceration. Transfer and sup-
port equipment should be examined to ensure
appropriate use and condition. Self-care abilities
for activities of daily living need to be ascertained
and support services instigated, if required. Opti-
mal infection control practices need to be imple-
mented and breaches identified and corrected.

Classification of pressure ulcers

The earliest classification system for pressure ulcers
was devised by Guttman in 1955 (Black et al., 2007).
However, a four-stage classification system was
developed by Shea in 1975 (Shea, 1975), which clas-
sified according to the degree of soft tissue damage
and established a precedent for other classifica-
tion systems that followed. In 1988, the Inter-
national Association of Enterostomal Therapists
(IAET), now known as the Wound, Ostomy, Con-
tinence Nurses Society (WOCN, 2010), devised a
four-stage pressure ulcer classification, and another
classification was developed by the National Pres-
sure Ulcer Advisory Panel (NPUAP) in 1989 (Black
et al., 2007). The latter group refined their sys-
tem on several occasions during the intervening

years and the most recent modification was under-
taken in partnership with the European Pressure
Ulcer Advisory Panel (EPUAP) and National Pres-
sure Ulcer Advisory Panel (NPUAP) in 2009. This
partnership did much to advance a consensus for
defining the four main categories of pressure injury
across North America and Europe; however, they
failed to reach a consensus on two additional cat-
egories and a standard descriptor for categorising
degrees of tissue damage.

The NPUAP included two additional categories
termed ‘unstageable’ and ‘suspected deep tissue
injury’ but the EPUAP did not. The NPUAP
embraced the term ‘stage’ and the EPUAP the ‘cat-
egory’ of ulcer. More recently, a Pan Pacific Alliance
between Australia, New Zealand, Hong Kong and
Singapore has led to the development of Clinical
Practice Guidelines for the Prevention and Treatment of
Pressure Injuries (AWMA, 2011) and this group has
adopted the NPUAP six-stage classification system
and the term ‘stage’ in an effort to expand an inter-
national consensus.

Risk assessment

A comprehensive risk assessment should be con-
ducted on admission and discharge as clinically
indicated by change in an individual’s condition or
as indicated by the specific healthcare agency proto-
col. A risk assessment should include a comprehen-
sive clinical history for intrinsic and extrinsic risk
factors, mobility and activity screening, nutritional
screening, continence assessment and a systematic
skin inspection and assessment. A validated pres-
sure ulcer risk assessment tool should be employed
in conjunction with the skin inspection and appro-
priate education of clinicians and carers should
inform the appropriate use of these tools.

Risk assessment tools have gradually increased
in number and use since the early 1960s. The
most commonly employed risk assessment tools for
adult populations include the Norton Scale (Norton
et al., 1962), the Waterlow Score (Waterlow, 1985),
the Braden Scale (Braden and Bergstrom, 1988), and
for paediatric populations, the Braden Q (AWMA,
2011). A variety of other tools exist for specific pop-
ulations such as the Glasgow Scale and Cubbin and
Jackson Scale which are designed for intensive care
populations, and the Neonatal Skin Risk Assess-
ment Scale, Burn Pressure Ulcer Skin Risk Assess-
ment Scale, Starkid Skin Scale and Glamorgan Scale
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for paediatric populations (AWMA, 2011). How-
ever, amongst these risk assessment tools there is no
agreed consensus on subscales assessed, nor their
ranking. Furthermore, methodological testing for
reliability, sensitivity, specificity or predictive value
rating differs to such an extent amongst these tools
that comparisons have become difficult. Some clini-
cal practice guidelines recommend that a validated
risk assessment tool should be used in conjunction
with informed clinical judgement (AWMA, 2011).
The outcome of skin inspections and risk assess-
ments need to be appropriately documented.

Practice point

An assessment of a patient’s at-risk status is only benefi-
cial if it is documented and a pressure ulcer prevention
strategy is implemented, monitored and evaluated. In an
acute care setting, initial pressure ulcer risk assessment
should be carried out on admission then reassessed every
48 hours or whenever the patient’s condition changes (i.e.
improves or deteriorates). Long-term care reassessment of
risk status should be done weekly for the 4 weeks then
monthly to quarterly after that, and whenever the resi-
dent’s condition changes.

Skin inspection

A comprehensive skin inspection should be con-
ducted to ascertain the presence of pressure ulcers
or observable pressure-related changes of intact
skin such as blanching or non-blanching erythema,
changes in skin temperature (warmth and cool-
ness), tissue consistency (induration or boggy feel),
alterations in sensation (pain, itching) and oedema.
Skin colour changes due to erythema or hypoxia
may not be so obvious on darkly pigmented skin
and the assessor will need to palpate the skin to
identify changes in temperature and tissue consis-
tency as compared to adjacent anatomical tissues.

Skin inspection should also take into account the
presence of medical devices such as compression
stockings, tubes, cervical collars, callipers, contact
casts, external prostheses and restraints. Although
pressure ulcers most commonly occur over bony
prominences such as the sacrum, ischial tuberosi-
ties, heels, trochanters and occiputs, they can also
occur in soft tissues, such as ears and male gen-
italia when these tissues are compressed between
contracted limbs or hard contact surfaces. Skin
inspections should be conducted and documented

by educated clinicians and carers. High-risk indi-
viduals living independently, especially those with
spinal cord or other neurological deficits, should
receive regular instruction as to how to conduct
self-inspections on a daily or more frequent basis
and be advised of processes to be followed for off-
loading and reporting identified skin damage.

Practice point

The use of vigorous skin rubbing or massage is contraindi-
cated as a method of pressure ulcer prevention as this may
be painful and stimulates an acute inflammatory response
and increases the likelihood of damage to the microcir-
culation and fragile skin (AWMA, 2011).

Nutritional screening and assessment

Malnutrition-related extremes of body mass index
such as morbid obesity or cachexia will increase the
individual’s predisposition to pressure ulcers. Indi-
viduals with morbid obesity have large amounts
of poorly vascularised adipose tissue, and the cap-
illaries in adipose tissue are particularly vulner-
able to shear stress17. Furthermore, morbid obe-
sity compromises movement and activity, and thus
increases the risk of prolonged interface pressure.
Cachexic individuals, on the other hand, have lit-
tle adipose tissue deposition over bony promi-
nences, which reduces the skin’s tolerance to pres-
sure. In addition, individuals with malnutrition and
pressure ulcers can be expected to have impaired
healing.

Although there are several validated nutritional
screening tools for assessing malnutrition, none
have been specifically validated for populations
with pressure ulcers. However, those in existence
provide a framework for assessment and can guide
interventions to address identified deficits in body
mass index, nutritional intake, swallowing, drug
food interactions and access issues.

Treatment strategies: pressure ulcers

Skin care

Optimal healthy skin care is fundamental for skin
protection. The goal is to maintain the normal
slightly acidic pH of the skin (averages 5.5) and opti-
mise the skin microclimate. The latter term relates
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to the temperature of skin or tissues and the humid-
ity or skin-surface moisture (Clark et al., 2010). The
acid mantle of the skin discourages bacterial coloni-
sation and reduces the risk of opportunistic infec-
tion. Skin pH can best be maintained by avoidance
of alkaline soaps and cleaners in favour of those
that are perfume-free and pH neutral. Gentle skin
cleansing practices and the use of tepid water will
assist in preventing skin trauma and the use of skin
barrier creams, emollients and protective barrier
films can provide additional skin protection against
urinary or faecal incontinence or excessive wound
exudate.

Increases or decreases in skin temperature are
closely aligned to changes in core body tempera-
ture; however, local increases in skin temperature
can occur due to contact with plastic- or vinyl-
covered support surfaces or the use of excessive
amounts of bed linen, clothing or plastic-covered
incontinence pads. Elevated body temperatures
have been demonstrated to increase the risk of
pressure ulcers and an increased body temperature
of 1◦C raises the metabolic demands of tissues by
approximately 10% (Fisher et al., 1978). Therefore,
it has been proposed that individuals with pyrexia
and associated increased tissue metabolic demands
may be even more susceptible to pressure ulcers
when lesser amounts of pressure are applied for
shorter duration (Fisher et al., 1978; Knox et al.,
1994; Sae-Sia et al., 2005). Increased susceptibility
to pressure ulcers has also been proposed by some
researchers when localised skin temperatures are
elevated, although more research is in this area is
warranted (Fisher et al., 1978; Knox et al., 1994;
Sae-Sia et al., 2005).

Excessive skin moisture or excessive skin dryness
can alter the skin’s tensile strength and resilience
to pressure and shear forces. Interventions for
optimising skin hydration and reducing dryness
involve regular applications of moisturisers and
adequate fluid intake. Interventions for reducing
excessive skin moisture involve continence man-
agement if incontinence is an identified problem,
containment of wound fluids and the use of skin
barrier creams, emollients and protective barrier
films. Environmental regulation of ambient room
temperatures and good skin hygiene practices will
assist in reducing the effects of excessive perspira-
tion on the skin microclimate.

Practice point

If left in contact with vulnerable skin, exudate from pres-
sure ulcers can lead to the development of irritant der-
matitis (see Chapter 2) and new areas of skin breakdown.
Erythematous maceration can be extremely painful, so
treatment should be prompt and can benefit from appli-
cation of a moderately potent, topical corticosteroid for a
limited time to reduce local inflammation prior to the use
of a barrier preparation.

Repositioning

Various methods of pressure redistribution are used
to minimise the combined effects of pressure, fric-
tion and shear on the subcutaneous tissues as
shown in Figure 8.3. The cognitively and neu-
rologically aware individual will spontaneously

Pressure redistribution

Increased contact area
reduces interface pressure

Pressure relief
removes pressure from vulnerable area

Patient
repositioning

to increase contact
area

e.g. 30  ̊tilt position

Reactive support
surface*

e.g. foam, gel or
air filled,

air fluidised

Patient
repositioning

to remove pressure
from a particular

anatomical location

Active support
surface*

e.g. alternating
pressure

Lifting body
part clear

e.g. heel boots

*A reactive support surface has the capability to change its load distribution properties only in response to applied load;
an active support surface is able to change its load distribution properties with or without applied load.

Figure 8.3 Uses of pressure-redistributing support surfaces. Reprinted with permission from Wounds International, 2010.
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reposition themselves when confronted by discom-
fort associated with prolonged interface pressure.
Individuals with cognitive or neurological deficits,
on the other hand, will need regular prompting or
manual or mechanical device assistance with repo-
sitioning. The use of repositioning devices such
as slide sheets and hoists can reduce the impact
of shear and friction whilst repositioning. The fre-
quency of repositioning is entirely dependent upon
the individual’s tissue tolerance to pressure and not
times that suit care routines. Routine skin inspec-
tion on repositioning for signs of pressure compro-
mise, such as erythema or warmth, will indicate if
the individual is being repositioned as frequently as
needed or the need for dynamic support surfaces,
although continued repositioning is required even
when pressure-redistribution surfaces are used.

It is important to avoid positioning an individual
directly onto a bony prominence such as the iliac
crests, trochanters or heels; and pillows, cushions
or foam wedges may assist in maintaining correct
positioning. Even minor changes in positioning can
increase comfort and reduce the impact of pressure.
To prevent shear stress, the head of the bed should
be lowered to 30o or less an hour after feeding,
unless medically contraindicated15. Heels require
special attention and additional heel off-loading
support, as the tissue density over the calcaneus is
thin and support surfaces vary in their ability to off-
load heel pressures adequately. Medical grade nat-
ural sheepskin can reduce friction and shear under
heels and stabilise the microclimate (Jolley et al.,
2004).

Pressure-redistribution support surfaces

Pressure-redistribution support surfaces are used in
the prevention of pressure ulcers and the manage-
ment of individuals with pressure ulcers. Numer-
ous and increasingly more sophisticated support
surfaces are available. A support surface has
been defined as ‘a specialised device for pres-
sure redistribution designed for management of
tissue loads, microclimate, and/or other therapeu-
tic functions’19. Support surfaces include mattress
or trolley overlays, mattress replacements, mat-
tress and integrated bed systems, cushion overlays
and replacement cushions. Support surfaces can
be static (non-powered) and dynamic (powered)
and are comprised of a variety of media, such as

high-specification viscoelastic foam, elastic foam,
gel, air or combinations of these media. Pressure-
redistribution support surfaces can be broadly clas-
sified as either powered or non-powered constant
low-pressure support surfaces (also referred to reac-
tive devices) and powered alternating support sur-
faces (also referred to as active devices) (Carville,
2007; AWMA, 2011).

Constant low-pressure support surfaces maintain
a constant interface pressure while the individual
remains in the same position, and the interface
pressure is considered lower than a ‘standard’
mattress (AWMA, 2011). Although specifications
or assumptions as to what constitutes a standard
mattress vary considerably across different health
settings and countries, generally any mattress that
falls short of standards or recommendations for a
high-specification foam mattress is considered a
standard mattress. There is strong evidence for the
efficacy of high- specification foam mattresses (con-
toured foam support surfaces) for pressure ulcer
prevention (McInnes et al., 2008). So the reader
is advised to check local recommendations for
high-specification foam mattresses, and these rec-
ommendations should cover: design features such
as type and multilayering of foam, foam density/
hardness, support properties, mattress depth and
cover features such as waterproof factor, fire-
retardant properties, vapour permeability, shear
resistance, conformability, etc. (AWMA, 2011).

No one specific high-specification constant low-
pressure support mattress or overlay has been
found to be better than another (AWMA, 2011).
An alternating redistribution support surface pro-
duces programmed cycles of alternating air pres-
sure through air cells in the device. The alternat-
ing cycles are usually one in two, that is 50% of
the air cells are inflated or deflated at any time for
periods of usually 10 minutes or less. Alternating
devices are recommended for the care of high-risk
individuals or when frequent manual repositioning
is problematic (AWMA, 2011).

Factors to consider when selecting a support sur-
face are aligned with patient, environmental and
equipment parameters:

� Patient factors: risk score, weight, height and
body mass index, mobility and comfort pref-
erences;

� Environmental factors: shear, friction, pressure,
microclimate;
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� Equipment factors: weight and height limits,
pressure-redistribution properties, ease of use
and transport, waterproof and bacteria-resistant
properties, fire-retardant properties, cleaning
and maintenance requirements, local availabil-
ity and cost.

(AWMA, 2011)

Regular repositioning and selection of an appro-
priate support surface are crucial elements for the
prevention and management of pressure ulcers. The
presence of a pressure ulcer on any anatomical loca-
tion reduces the ability to position the individual
on that affected site; thus, they will require more
frequent repositioning and possibly a more sophis-
ticated support surface.

Practice point

Foam rings, foam cut-outs, or doughnut-type devices for
pressure redistribution should be avoided because they
concentrate the pressure to surrounding tissue increasing
oedema and venous congestion to the area. They become
easily soiled, may act as a reservoir for pathogenic bac-
teria and they are uncomfortable to sit on and slip so
they may inadvertently cause an increase in local pres-
sure (AWMA, 2011).

Management of infection

There are many serious consequences of infected
pressure ulcers. The wound will increase in size,
produce more exudate, slough and odour and,
if unresolved infection, may ultimately lead to
septicaemia and death. Pressure ulcers are often
colonised by multiple organisms, even though the
clinical signs of infection may be absent. These
organisms originate mainly from skin flora or
from the bowel due to faecal contamination and
typically include Staphylococcus and Streptococcus,
Proteus mirabilis and Escherichia coli. Pressure ulcers
frequently act as a reservoir for multiresistant
bacteria.

It is important to maximise the patient’s general
health to boost host responses as patients are often
critically ill and may have already received several
courses of antibiotic therapy including maintain-
ing adequate nutrition and correcting electrolyte
imbalance.

There is an urgent need to rationalise the use of
antibiotics when treating infected pressure ulcers,
as it is difficult for antibiotics to reach the wound
bed in sufficient therapeutic doses due to the
presence of local ischemia and devitalised tis-
sue (AWMA, 2011). Systemic antibiotics are not
required for pressure ulcers that exhibit only clini-
cal signs of local infection and should be restricted
to those patients with pressure ulceration exhibit-
ing signs of cellulitis, osteomyelitis and bacter-
aemia (Romanelli and Moore, 2006). These infec-
tions should be treated quickly using carefully
selected antibiotics of the correct dose and for an
appropriate time period (AWMA, 2011).

Superficial infection affects mainly stage II pres-
sure ulcers; in such cases, the application of topi-
cal antiseptics has been shown to be of great ben-
efit in controlling bacterial burden and preventing
systemic complications, and is becoming a valu-
able alternative option to the indiscriminate use of
systemic antibiotics. However, antiseptics should
not routinely be used to clean pressure ulcers and
should only be considered when the bacterial load
needs to be controlled and then only for a limited
period of time until the wound is clean and inflam-
mation reduced (AWMA, 2011).

Deep tissue infection is a frequent complication
of stage III and stage IV pressure ulcers, and is
characterised by an increase in temperature in the
skin surrounding the wound, tenderness and pain.
There may also be extended erythema, reaching to
the bone and into new areas of breakdown (Sanada
et al., 2005). Any pressure ulcer with exposed bone
is particularly at risk of osteomyelitis, which should
be suspected if clinical signs of infection do not
respond to conventional treatment.

Wound dressings: special considerations

Some dressings such as film or hydrocolloid dress-
ings may be used to protect body areas at risk from
friction or injury from tape removal, though foam
dressings are an option to protect body areas and
pressure ulcers at risk of shear injury.

Dressing performance of pressure ulcers is
affected by friction and shear forces in areas such as
the sacrum and heels where dressings can wrinkle
causing additional local pressure, leakage and mac-
eration and fall-off. Hydrocolloid dressings may be
used to cover cleaned category/stage II pressure
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ulcers in body areas where they will not roll or melt
but should be used with caution elsewhere. Adhe-
sive dressings should be used carefully, as patients
may have fragile, oedematous and macerated skin.
Adhesive dressings should be removed with care
to reduce skin trauma commonly associated with
pressure injury.

Stage III and IV pressure ulcers, subject to
their anatomical location, usually present as cav-
ity wounds and produce copious amounts of exu-
date which can be difficult to manage. These large
pressure ulcers require a moisture-retentive, cavity-
filling dressing to eliminate the dead space in the
wound and facilitate controlled wound closure.

Pressure ulcers are frequently covered in thick,
moist, offensive slough and should be debrided to
minimise bacterial burden. Dry eschar in pressure
ulcers need not be debrided if oedema, erythema,
or drainage are not present.

Topical negative pressure (TNP) devices, which
utilise foam or gauze dressings to fill the wound
defect and the application of suction, are com-
monly used in the treatment of extensive stage
III or IV pressure ulcers. The therapy is reported
to increase tissue perfusion, granulation deposi-
tion and wound contraction; remove wound flu-
ids, reduce oedema and facilitate epithelialisation,
though the latest Cochrane review concluded that
there is no valid or reliable evidence that topical
negative pressure increases chronic wound healing
(Ubbink et al., 2008).

Practice point

Applying dressings to a sacral pressure ulcer can be dif-
ficult due to the contour of the body and loose wrinkly
skin on the buttocks of elderly patients. It is difficult to
make them adhere to the skin due to excessive moisture
in this area from sweat, urine and wound exudate, and
dressings may be pulled away due to the direct effect of
friction and shear forces in patients who are either bed- or
chair-bound. The use of skin protection wipes can form
a useful barrier to protect the skin and act as a base to
increase the adherence of dressings, and are preferable to
the use of traditional barrier creams.

Many dressing manufacturers design dressings that are
specifically shaped to minimise shear and friction on the
sacrum. Most have rounded edges which are tapered to
improve conformity, and as a general rule, thinner dress-
ings have less tendency to roll and wrinkle up. When
applying a wound dressing to the sacrum, try to position
the patient for 15 minutes or longer off the area and make

sure that the adhesive dressing is warm (at ambient room
temperature) to help it bond to the skin. This can also be
improved by placing your warm hands on top of the dress-
ing in situ, and pressing gently to ensure the adhesive is in
full contact with the skin. If specific sacral dressings are
not available, standard dressings should have their square
edges rounded off and used in the same way. Remember
to use a large enough dressing to maximise adherence,
which will be achieved by leaving a margin of at least
5 cm around the wound or broken skin.

Education and support

Education of clinicians, carers and individuals is
fundamental for reducing pressure ulcers and opti-
mising their management and healing outcomes.
The Registered Nurses’ Association of Ontario
guideline (2007) proposes that pressure ulcer edu-
cation programmes for clinicians should contain
content outlining

� aetiology and risk factors;
� assessment of risk;
� prevention planning;
� accurate and timely documentation of assess-

ments, management plans and interventions for
preventing and managing risk;

� manual handling techniques and facility poli-
cies;

� selection, use and maintenance of pressure-
redistribution support surfaces;

� assessment and staging;
� principles of wound management including

selection of topical products and dressings;
� principles for patient education.

High-risk individuals living independently, espe-
cially those with spinal cord or other neurological
deficits, should receive regular instruction as to how
to conduct self-inspections on a daily or more fre-
quent basis and be advised of processes to be fol-
lowed for off-loading and reporting identified skin
damage.

Education of patients and their families needs to
be cognisant of age, cognitive, intellectual, cultural
and socio-economic status. Education can be deliv-
ered via formal programmes or informal teaching
sessions or printed material. However, high-risk
populations such as the spinal cord injured or
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those restricted mobility warrant structured and
frequent education to reinforce the importance of
prevention.

Criteria for specialist referral

International guidelines (AWMA, 2011) recom-
mend that advice should be quickly obtained from
an appropriate specialist if any of the following cir-
cumstances apply:

� deterioration of patient’s general condition;
� undermining, tunnelling, sinus tracts and/or

extensive necrotic tissue;
� clinical signs of a deep-seated infection and/or

systemic sepsis;
� exposed bone or tendon in the pressure ulcer;
� evidence of decreased tissue perfusion.

Surgery in the form of flap reconstruction or
skin grafting may be required to facilitate complete
wound closure, especially amongst compromised
individuals or those with extensive ulceration.

Early referral to an occupational therapist, med-
ical bioengineer or seating specialist is recom-
mended for the spinal cord injured or persons with
neuromuscular diseases:

� when the pressure ulcer is assessed to be related
to, or complicated by, seating or wheelchair
issues;

� following flap reconstruction of sacral or ischial
tuberosity pressure ulcers;

� when there are posture issues such as scoliosis,
kyphosis, obliquity, instability.

Finally, early referral to a physiotherapist can
greatly improve mobility and repositioning activ-
ities for patients to help prevent further pressure
injury occurrence.

Summary

Pressure ulcers are unfortunately common wounds
and constitute a drain on health budgets. More-
over, they impact quality of life and healing out-
comes for many. Discrepancies in methodologies
employed for pressure ulcer prevalence and inci-
dence data collection need to be abolished in order
to facilitate useful international benchmarking, as

well as increase awareness of the exact scope of the
problem. Clinical practice guidelines outline pre-
vention strategies and best practice management,
and it is fundamental that clinicians, consumers and
carers are familiar with their content and use them
to evaluate their practices. In light of the advances
in contemporary knowledge, clinical wound man-
agement resources and technology, pressure ulcers
should in fact be a relatively uncommon occurrence.
Let us look forward to the time when this is indeed
the situation.

Useful resources

Clinical guidelines

Australian Wound Management Association. Clinical
Practice Guidelines for the Prediction and Prevention of
Pressure Ulcers. Available at: http://www.awma.com.
au/publications/publications.php#clinical

European Pressure Ulcer Advisory Panel and National
Pressure Ulcer Advisory Panel. Prevention and Treat-
ment of Pressure Ulcers: Quick Reference Guide. Available
at: www.npuap.org and www.epuap.org

Registered Nurses Association Ontario (RNAO) Best Prac-
tice Guidelines Risk Assessment and Prevention Pres-
sure Ulcers. Available at: http://ltctoolkit.rnao.ca/
resources/pressure-ulcer

Organisations

European Pressure Ulcer Advisory Panel. Available at:
http://www.epuap.org/

National Pressure Ulcer Advisory Panel (American).
Available at: http://www.npuap.org/

Further reading

International Review: Pressure ulcer prevention: pres-
sure, shear, friction and microclimate in context.
Available at: http://www.woundsinternational.com/
clinical-guidelines/international-review-pressure-
ulcer-prevention-pressure-shear-friction-and-
microclimate-in-context
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Overview
� Prevalence of diabetic foot ulceration varies in different geographical areas due to differences in socio-economic conditions,

standards of foot care and quality of footwear. Between half and three quarters of all lower extremity amputations are
related to diabetes.

� Diabetic foot ulceration should be recognised as a sign of multi-organ disease as co-morbidities such as cardiovascular
disease delay healing of diabetic foot wounds.

� Diabetic foot disease is a lifelong condition as patients are always at high risk of developing a new ulcer. It is associated
with a high risk of morbidity and mortality.

� Infection in the diabetic foot is a limb-threatening condition. More than 50% of diabetic patients with foot ulcers have
signs of infection on admission to hospital.

� Prevention of foot ulceration in patients with diabetes is dependent on identification of risk status, appropriate management
of co-morbidities, meticulous foot care and ongoing education of carers and patients.

� Many wound management interventions fail due to lack understanding of the need for effective offloading or non-weight
bearing.

� A multidisciplinary approach and long-term follow-up of the management of diabetic foot ulceration results in a substantial
decrease in amputation rate.

Introduction

Foot complications in diabetes are costly in human
and financial terms worldwide. The prevalence of
diabetic foot ulceration varies from country to coun-
try due to differences in socio-economic conditions,
standards of foot care and quality of footwear. It has
been claimed that every 30 seconds, a lower limb is

amputated due to diabetes and that 20–40% of total
expenditure on diabetes can be attributable to com-
plications related to the diabetic foot (Boulton et al.,
2005). Of all amputations in diabetic patients, 85%
are preceded by a foot ulcer which subsequently
deteriorates due to severe infection or gangrene
(Apelqvist and Larsson, 2000; Boulton, 2004; Boul-
ton et al., 2005; IWGDF, 2007).
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The complexity of diabetic foot ulcers necessi-
tates an intrinsic knowledge of underlying patho-
physiology and a multifactorial approach in which
aggressive management of infection and ischaemia
is of major importance. The negative consequences
of foot ulcers in people with diabetes include not
only morbidity but also disability and premature
mortality. A multidisciplinary approach including
a preventive strategy, patient and staff education
and multifactorial treatment of foot ulcers has been
reported to reduce amputation rate by more than
50% (IWGDF, 2007; Krishnan et al., 2008; Larsson
et al., 2008; Zayed et al., 2009).

Aetiology

A diabetic foot wound is caused by ulceration
and destruction of deep tissues associated with
neurological abnormalities and various degrees
of peripheral vascular disease in the lower limb
(Schaper et al., 2003; IWGDF, 2007). A foot ulcer is
the general term to describe a full-thickness wound
below the ankle in a diabetic patient, irrespective
of duration (IWGDF, 2007). Active foot disease may
be of recent onset or due to a deteriorating chronic
situation and refers to anyone with diabetes who
presents with the following:

� a blister or foot wound, however superficial,
� any clinical signs of infection,
� evidence of necrosis or gangrene,
� dislocation or fracture in the foot without sig-

nificant trauma,
� unexplained foot pain.

Large cohort studies have provided a better
understanding of the factors influencing the out-
come of foot ulceration (Apelqvist and Larsson,
2000; IWGDF, 2007; Prompers et al., 2007; Prompers
et al., 2008; Gershater et al., 2009). Findings from
mostly European cohorts show that more than 50%
of the diabetic patients with foot ulcers had signs of
infection on admission to a hospital-based multidis-
ciplinary foot team. About 50% of these ulcers were
neuroischaemic and one-third of patients with foot
ulceration had signs of both peripheral artery dis-
ease and infection (Prompers et al., 2007, 2008; Ger-
shater et al., 2009). Presence of diabetic foot ulcer-
ation is associated with an extensive co-morbidity
that increases significantly with severity of foot dis-

ease (Apelqvist and Larsson, 2000; IWGDF, 2007;
Prompers et al., 2007, 2008; Gershater et al., 2009;
Apelqvist et al., 2011).

The most important factors related to devel-
opment of foot ulcers are peripheral neuropathy,
minor foot trauma, foot deformity and decreased
tissue perfusion (Apelqvist and Larsson, 2000; Boul-
ton et al., 2005; Boyko et al., 2006; Boulton, 2008).
Table 9.1 summarises the contributing factors and
clinical indications for diabetic foot ulcers. Diabetic
foot ulcers are frequently seen in patients with a
combination of two or more risk factors occurring
together. Sensory neuropathy is associated with the
loss of pain, temperature sensation, pressure aware-
ness and proprioception.

As a consequence, minor trauma that is not felt
by the patient can quickly cause skin damage or
ulceration. Prospective studies have shown that
sensory neuropathy is a major predictor for devel-
opment of foot ulcers (Abbott et al., 2002; Boulton,
2004, 2008). Motor neuropathy results in atrophy
and weakness of the intrinsic muscles of the foot,
flexion deformities of the toes and an abnormal
walking pattern (Boulton, 2004, 2008; IWGDF,
2007). Autonomic neuropathy results in reduced
or absent sweat secretion, causing dry skin, cracks
and fissures. Foot deformities, abnormal gait and
limited ‘joint mobility syndrome’ creates a set of
conditions that results in altered biomechanical
loading of the foot, with increased plantar foot
pressures and increased shear forces. The ‘stiff foot
syndrome’ with impaired joint mobility is probably
caused by disturbed collagen metabolism, or non-
enzymatic glycosylation of proteins in the joint
tissue and skin (Boulton, 2004, 2008; IWGDF, 2007).
Due to the loss of protective skin sensation, the
repetitive trauma of walking is not obvious to the
patient and hyperkeratosis (callus) gradually forms
and over time a foot ulcer finally develops as seen in
Figure 9.1.

Neuropathic bone and joint disease, usu-
ally affecting the mid- or hind foot, is some-
times referred to as ‘Charcot foot’ or neuro-
osteoarthropathy with a prevalence of 0.5–1%
(Jeffcoate et al., 2005; Trepman et al., 2005). This
condition can cause severe deformity and plantar
ulceration. The aetiology of osteoarthropathy in
the neuropathic diabetic foot is complex and not
fully understood, but precipitating trauma is often
described in a foot with autonomic and sensori-
motor neuropathy. Neuro-osteoarthropathy is an
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Table 9.1 Diabetic foot ulceration: contributing factors and clinical indications

Contributing factors Clinical indications

Sensory neuropathy Impaired vibration perception (tuning fork 128 MHz)
Vibratory pressure threshold >25 V
Impaired protection sensation – monofilaments
Loss of skin sensation
Loss of pain, temperature sensation, pressure awareness and proprioception

Motor neuropathy Muscle atrophy and wasting
Difficulty in climbing stairs
Difficulty in lifting/handling small objects

Autonomic neuropathy Anhidrosis
Excessive dry, scaly, cracked skin
Oedema

Biomechanical foot deformity Osteoarthropathy
Limited joint mobility
Stiff foot syndrome
Bony prominences
Callus formation
Previous foot ulcer
Previous amputation
Altered walking pattern

Trauma Ill-fitting shoes/footwear
Walking barefoot
Falls/accidents
Objects inside shoes

Peripheral vascular disease Absent pedal pulses
Doppler toe pressures
Delayed capillary refill
Claudication
Gangrene
Pain at rest

Socio-economic status Poor access to healthcare
Low social position
Social isolation
Limited knowledge and understanding
Negligence

acute condition often misdiagnosed as cellulitis
or osteomyelitis and presents with a hot, erythe-
matous, swollen foot with or without pain and no
ulceration and initially no radiographic findings.
A loss of sympathetic tone in the peripheral vessels
causes demineralisation of the bones of the foot
leading to rapid progression with bone fragmenta-
tion and joint destruction especially in neuropathic
patients who feel no pain and continue to ambulate.
The chronic phase of this condition results in col-
lapse of the mid-foot or ankle leading to the typical
‘rocker bottom’ deformity followed by plantar
ulceration (Figures 9.1 and 9.2), but it should be
remembered that the loss of sympathetic tone is

just one of the hypothesis behind osteoarthropathy
in the diabetic foot (Jeffcoate et al., 2005).

There is limited information about long-term
prognosis of diabetic foot ulcers, but available data
indicate a probability for developing further ulcers
following healing of the first ulcer (Apelqvist et al.,
1993; Walsh, 1996; Mantey et al., 1999; Connor and
Mahdi, 2004). In preliminary data from a large
cohort study, the development of new diabetic foot
ulcers was 32% within 2 years of follow-up of which
11% occurred on the same side and site as the initial
ulcer (Apelqvist and Larsson, 2000). The mortality
rate is substantial in patients with foot ulcers. In
a Swedish study, the mortality rate was twice as
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Figure 9.1 Foot showing signs of diabetic foot disease. Photo
courtesy of Madeleine Flanagan.

Figure 9.2 Foot showing signs of neuro-osteoarthropathy.
Photo courtesy of Richard Leigh.

high among patients with healed foot ulcers and
four times as high among patients with a previous
amputation compared to an age- and sex-matched
population (Apelqvist et al., 1993). Increased mor-
tality among patients with diabetes and foot ulcers
has been explained by the presence of concurrent
disease such as cardio-cerebrovascular disease and
nephropathy. These findings emphasise the need
for lifelong observation of the diabetic foot at risk
and the importance of preventive foot care.

Psychological impact

Decreased physical, emotional and social function
in patients with diabetic foot disease is well known
(Carrington et al., 1996; Vileikyte, 2001; Gonzalez
et al., 2010). People with foot ulcers and amputa-
tions often suffer from depression and have reduced
quality of life (Ragnarsson-Tennvall and Apelqvist,
2000; Hjelm et al., 2003; Nabuurs-Franssen et al.,
2005; Vileikyte, 2008; Gonzalez et al., 2011). Social
isolation, poor education and low socio-economic
status place people with diabetes at higher risk of
foot problems due to limited access to care and sup-
port. (Hjelm et al., 2003; Nabuurs-Franssen et al.,
2005; Vileikyte, 2008; Gonzalez et al., 2011). Studies
consistently demonstrate that an individual’s per-
ception of risk of developing diabetes-related foot
complications is based on their own personal symp-
toms and beliefs about the effectiveness of self-
care which can influence their ability to look after
their feet and concordance (Ragnarsson-Tennvall
and Apelqvist, 2000; Vileikyte, 2001; Hjelm et al.,
2003; Gonzalez et al., 2011). Risk of amputation
increases when people with diabetes are socially
isolated and depressed (Nabuurs-Franssen et al.,
2005).

People with diabetes and neuropathy who
believe that pain is a reliable symptom of foot
ulceration are less likely to seek foot care or fol-
low health advice. Beliefs and expectations about
health and illness relating to diabetes and foot
ulceration are important and must be taken into
account when preventing and managing foot prob-
lems (Ragnarsson-Tennvall and Apelqvist, 2000;
Vileikyte, 2001, 2008; Hjelm et al., 2003; Nabuurs-
Franssen et al., 2005; Gonzalez et al., 2011).

Psychological factors are of utmost importance
since most foot ulcers are detected initially by the
patient and in 25% of cases, the patient denies the
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existence of the ulcer and therefore delays treat-
ment (Apelqvist and Larsson, 2000). Patients with
foot ulcers are often considered as non-compliant
by healthcare professionals who may not recognise
that they have a more negative attitude towards
their feet, have limitations in daily living, leisure
activities and employment, and have attitudinal
differences towards their chronic disease (Hjelm
et al., 2003; Nabuurs-Franssen et al., 2005; Vileikyte,
2008; Gonzalez et al., 2011). Major factors influ-
encing an individual’s behaviour include limited
mobility, reduction in social activities, isolation,
increased family tension, increased dependency,
gender and have a negative impact on general
health.

Principles of diabetic foot ulcer
management

Treatment of the diabetic foot requires a multidis-
ciplinary approach because of the complexity of
factors related to outcome (IWGDF, 2007). Manage-
ment includes strategies for treatment of peripheral
ischaemia, oedema, pain, infection, metabolic
disturbances and malnutrition; aggressive man-
agement of concurrent disease; and a coordinated
system for support of both patients and carers to
implement the treatment strategy (NICE, 2011). The
management principles of diabetic foot ulceration
are summarised in Table 9.2.

Due to the varying severity of diabetic foot com-
plications, the management of foot ulcers can be
divided into four separate categories:

(1) Low risk of foot ulceration;
(2) Increased risk of foot ulceration;
(3) Management of an existing foot ulcer;
(4) Maintenance of the healed foot ulcer.

However, the general principles of managing dia-
betic foot ulceration are based on the following con-
sensus guidelines (NICE, 2011; IWGDF, 2007):

� All individuals should have emergency access
to a specialist foot protection team, including
the ability to self-refer and be seen quickly.

� Regular screening for early detection of
neuropathy, peripheral vascular disease and
foot deformities should occur with frequency
depending on individual risk status.

� Every patient presenting with a foot ulcer
should be examined for the presence of
ischaemia and infection.

� Co-morbidities associated with diabetic foot
disease require optimal medical management
and regular review.

� Diabetic-foot-related complications should be
identified and treated early with appropriate
interventions.

� Long-term surveillance and treatment deter-
mined by the risk status of the individual should
be established.

� Preventative foot-care strategies should be
implemented to include ongoing advice and
education about foot care and footwear.

Diabetic foot ulceration: assessment
considerations

Accurate diagnosis for a patient with an ulcer-
ated foot is essential to facilitate prompt referral
and treatment by a multidisciplinary foot team
as this has been identified as the most important
intervention to prevent amputation (Apelqvist and
Larsson, 2000; Schaper et al., 2003; Boulton et al.,
2005; IWGDF, 2007). The feet of a diabetic patient
should be inspected at every visit to healthcare
providers. The International Working Group on the
Diabetic Foot (2007) has suggested a simple risk
classification with regard to prevention of diabetes-
related amputations and foot ulceration (see
Table 9.3).

If this strategy is followed it can achieve a 25–
40% reduction in the incidence of ulceration or
amputation and has been shown to be cost-effective
(Ragnarson-Tennvall and Apelqvist, 2001; Ortegon
et al., 2004; Boulton et al., 2005).

Practice point

The simplest way to identify a patient’s risk status is by
taking a history and examination that focuses on the
following questions:

(1) Is there any evidence of peripheral neuropathy and
loss of sensation?

(2) Is any foot deformity present?
(3) Is there a history of foot ulceration, amputation or

Charcot foot?
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Table 9.2 Management principles: diabetic foot ulceration

Management principle Assessment/investigation Treatment

Improve metabolic
control

HbA1c blood test (long-term diabetes
control)

Self-monitoring of glucose

Insulin treatment often necessary

Nutritional support and advice

Weight loss

Improve tissue
perfusion

Assess extent of tissue damage

Non-invasive vascular testing: systolic
toe/ankle blood pressure

Transcutaneous oxygen pressure

Duplex (ultrasound)

Invasive vascular testing: angiography,
magnetic resonance imaging (MRI), CT
angiography

CO2 angiography

Percutaneous transluminal angioplasty (PTA)

Subintimal angioplasty

Reconstructive vascular surgery

Vascular agents

Control oedema

Hyperbaric oxygen

Identify and treat
superficial/deep
infection and
osteomyelitis

Assess extent of tissue damage

ESR, CRP, white blood count, bacterial
culture, bone biopsy, X-ray, CT-bone scan,
MRI

Antibiotics oral/parenteral

Incision/drainage/debridement

Surgical removal of bone

Amputation

Control oedema Identify cause of oedema

Establish extent of venous insufficiency,
neuropathy, hydrostatic oedema,
congestive heart failure, nephropathy,
malnutrition

External compression therapy

Intermittent compression (pumps)

Diuretics plus compression

Elevation

Increase mobility (but remember plantar ulcers limit
walking)

Optimise pain control Identify cause/type/characteristic of pain
(ischaemia, infection, inflammation,
mechanical pressure, neuropathic pain,
etc.)

Patient assessment of pain: diary, visual
analogue scale, verbal rating scales

Non-pharmacological treatment:

immobilisation/offloading, relieve anxiety/fear,
relaxation, distraction

Pharmacological treatment:

analgesic agents local/systemic, anticonvulsants if
pain related to neuropathy, antidepressants

Effective offloading Biomechanical evaluation to evaluate
walking capacity/gait pattern

Protective/therapeutic footwear

Insoles/orthosis

Total contact cast/walkers, crutches, wheelchair, limit
ambulation

Prepare wound bed to
optimise healing

Assess condition of wound bed: necrosis,
slough, exudation, quality of granulation
tissue, bioburden

Assess condition of surrounding skin:
maceration, inflammation

Wound debridement: remove callus/devitalised tissue

Control exudate, maintain moist wound healing,
control infection

If no response use advanced therapies, e.g. NWPT,
tissue engineering, monitor carefully

Correct foot
deformities

Evaluation of foot deformities Corrective foot surgery

Amputation

Physiotherapy

Improve patient’s
general physical
condition

Correct dehydration/malnutrition

Treat concurrent disease, e.g. congestive
heart failure, metabolic syndrome

Monitor smoking habits

Fluid and nutrition replacement therapy

Aggressive treatment of intercurrent disease, e.g.
antiplatelet drugs, antihypertensive agents,
lipid-decreasing agents

Cessation of smoking

Weight loss

Promote exercise

(Continued)
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Table 9.2 (Continued)

Management principle Assessment/investigation Treatment

Provide long-term
psychosocial support

Evaluate knowledge/understanding

Identify social and economic situation

Determine health beliefs, capacity for
self-care

Assess mood, e.g. anxiety/depression
scales

QoL assessment

Improve patient/carer education Establish ongoing
support and follow-up

Improve adherence with treatment

Emphasise multidisciplinary team involvement

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CT, computed tomography; GCSF, granulocyte colony stimulating
factor; MRI, magnetic resonance imaging; NWPT, negative wound pressure therapy.

The answers to these questions help to determine a
patient’s risk status and guide management decisions
about treatment, referral and follow-up. Simple foot
screening assessment tools are useful for healthcare pro-
fessionals to identify those patients that need to be referred
to specialist teams. A good example of a quick assessment
tool can be downloaded from the Useful Resources sec-
tion at the end of this chapter (60-Second Diabetic Foot
Screen Tool) (Inlow, 2004). This tool has been shown to
have content validity and inter-rater reliability in a variety
of clinical environments.

Screening for loss of sensation and foot deformi-
ties should be performed at least once a year on
patients with low risk of foot ulceration. Symptoms

of diabetic peripheral neuropathy may include
tingling, numbness, burning (especially in the
evening), muscle wasting and pain in the toes,
feet, legs, hands and arms. Onset is gradual and
often is not reported by the patient. The procedure
used for a more detailed sensory foot examination
can be found at the International Working Group
on the Diabetic Foot website listed in the Useful
Resources section. Visual inspection of the feet for
obvious deformities such as hammer toes, bunions,
flat feet, absent pedal pulses, calluses and ulceration
should be performed in all diabetic patients and
are important predictors of ulceration (Connor and
Mahdi, 2004). A history of a previous diabetic foot
ulcer puts the patient at an increased risk of future
ulceration.

Table 9.3 Risk classification for prevention of diabetes-related foot complications

Presenting features Risk status
Clinical
examination Podiatry Orthotic treatment

No ulceration

No sensory neuropathy

No additional risk Once a year Only if special
requirements

Only if special
requirements

No ulceration

Sensory neuropathy with or
without PAD

Low Every 6 months Every 6 months Education of the need for
adequately fitted shoes

Previous foot ulcer/amputation

Foot deformity

Peripheral ischaemia

Moderate Every 3 months Regular visits to
podiatrist in relation
to severity

Fitting of special
therapeutic foot
wear/insoles

Previous foot ulcer/amputation

Foot ulcer osteoarthropathy

High amputation
rate increase

Mortality rates
increase

Typically, every 4–8
weeks, depending
on progress

Treatment by
Diabetes Foot
Teama

Specifically designed
orthoses, e.g. temporary
shoes

Total contact cast/walkers

Source: Modified from IWGDF (2007).
aPrimary or secondary care depending on healthcare setting.
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Practice point

Location of foot ulcers can provide valuable information
about the causation of the wound. Ulcers frequently result
from external trauma to the insensitive foot, such as ill-
fitting shoes, walking bare foot and foreign objects in
shoes. An ulcer caused by increased mechanical stress
is usually localised to the metatarsal heads or plantar
area of the first digit, whereas pressure ulcers are more
typically located on the heel. A foot ulcer caused by ill-
fitting shoes or acute trauma is usually localised on the
digits or dorsum of the foot, whilst ischaemic and neu-
roischaemic ulcers are more common on the tips of the
toes or on the lateral border of the foot. Ischaemic ulcers
are usually located to the tips of toes and lateral part of
the foot,whereas inter-digital ulcers are usually caused by
skin maceration and cracked skin.

Assessment of vascular status

A diabetic foot ulcer should be considered
ischaemic until proven otherwise by extensive clin-
ical examination and non-invasive vascular test-
ing to promptly identify the need for revasculari-
sation. Peripheral vascular disease, in conjunction
with minor trauma, may result in painful foot ulcers
predominantly ischaemic in origin. However,
peripheral vascular disease and neuropathy are fre-
quently present in the same patient (Jeffcoate et al.,
2006; Prompers et al., 2007, 2008; Gershater et al.,
2009).

No patient should undergo amputation with-
out previous vascular assessment with a view to
the possibility of vascular intervention (Apelqvist
and Larsson, 2000; IWGDF, 2007; Apelqvist, 2011).
Absence of palpable pedal pulses indicates the pres-
ence of peripheral vascular disease but cannot dis-
criminate with regard to probability of primary
healing (Apelqvist and Larsson, 2000; IWGDF, 2007;
Prompers et al., 2007, 2008; Faglia et al., 2009; Ger-
shater et al., 2009).

Ischaemic pain can often be absent and presence
of gangrene indicates that severe tissue destruction
already has occurred. Because of this, non-invasive
vascular testing such as systolic toe/ankle blood
pressure, transcutaneous oxygen measurement and
ultrasound are recommended for early recogni-
tion of neuro-ischaemic or ischaemic ulcers in need
of revascularisation (Apelqvist and Larsson, 2000;
IWGDF, 2007; Prompers et al., 2007, 2008; Gershater
et al., 2009; Apelqvist et al., 2011) to achieve healing.
A systolic toe pressure less than 30–45 mmHg, an

ankle pressure less than 50–80 mmHg or a transcu-
taneous oxygen pressure measurement of less than
30 mmHg has been reported to be critical for pri-
mary healing of foot ulcers or healing after minor
amputation (Dargis et al., 1999; Apelqvist and Lars-
son, 2000; IWGDF, 2007; Norgren et al., 2007; Mills,
2008; Ihnat and Mills, 2010; Hinchliffe et al., 2011;
Apelqvist, 2011). It is important to recognise the
problem of falsely increased ankle pressure that is
attributable to vascular calcification which is com-
mon in patients with diabetes (Norgren et al., 2007;
Mills, 2008; Ihnat and Mills, 2010; Apelqvist, 2011;
Hinchliffe et al., 2011). An important observation
relating to the consequence of peripheral vascu-
lar disease is that many diabetic individuals with
ischaemia do not have severe rest pain or claudica-
tion. This is believed to be related to the loss of sen-
sation due to peripheral sensory neuropathy (Jeff-
coate et al., 2006; Prompers et al., 2008; Gershater
et al., 2009; Apelqvist et al., 2011).

Assessment of wound infection

The International Working Group on the Diabetic
Foot (2007) clinically identifies infection in the dia-
betic foot wound by the presence of exudate which
is often serous or purulent, together with two or
more signs or symptoms of inflammation such
as redness, induration, pain, tenderness, warmth,
necrosis and bone exposure with or without sys-
temic signs such as fever, malaise and hypergly-
caemia as seen in Figure 9.3 (Lipsky et al., 2004;
Lipsky, 2004).

Symptoms of infection in the diabetic foot are as
follows:

� Localised pain and/or tenderness;
� Localised oedema surrounding wound and

foot;
� Increased redness and warmth;
� Increased wound exudate;
� Pus discharging from ulcer;
� General discomfort, nausea, loss of appetite;
� Fever and chills;
� Altered walking pattern (limping, immobility).

Infection should be considered whenever local
signs, e.g. pain, redness, swelling develop even
when they are less pronounced than usual as sub-
stantial tissue damage may occur. In almost 50%
of patients with diabetes and deep foot infections,
local inflammatory signs and symptoms such as
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(a)

(b)

Figure 9.3 (a,b) Diabetic foot ulcers showing signs of infec-
tion. Photos courtesy of (a) Zakiya Ismail Al-Dhahri and (b)
Richard Leigh.

increased white blood cell count, erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP) con-
centration, pyrexia and erythema are absent result-
ing in delayed diagnosis and thus prompt treatment
(Lipsky et al., 2004; Lipsky, 2004). This may be due
to factors such as an impaired immunoresponse,
decreased peripheral vascular insufficiency, periph-
eral neuropathy and poor metabolic control (Lip-
sky et al., 2004; Lipsky, 2004). Some patients with
diabetic foot infection will have worsening of gly-
caemic control, but other blood tests are not always
easy to interpret. Normal or slightly increased CRP,
ESR, white blood counts, body temperature do not
exclude the possibility of an infection; however,
substantially increased values indicate a high possi-
bility of a deep soft tissue infection such as a abscess.

When infection of a diabetic foot wound is sus-
pected, a microbiological diagnosis will usually
assist management. In a superficial infection, acute,
Gram-positive cocci are the most common wound
pathogen (Lipsky et al., 2004; Lipsky, 2004; IWGDF,
2007). Studies have confirmed that chronic ulcers
with deep infection and wounds with necrotic tis-
sue commonly have polymicrobial flora with a com-
bination of Gram-negative, anaerobic and Gram-
positive organisms, especially in patients who have
received prior antibiotic treatment (Apelqvist and
Larsson, 2000; Lipsky et al., 2004; Lipsky, 2004).
Studies comparing different antibiotic regimens in
the management of skin and soft tissue infection,
or infection that involve both soft tissue and bone
in diabetic foot ulceration, report no differences
between treatment strategies (NICE, 2011). There
are substantial limitations in most studies evaluat-
ing the efficacy of antimicrobial agents with a high
risk of bias. As a consequence, the initial antimicro-
bial treatment as well as duration of treatment is
based on clinical experience rather than a specific
evidence base (Apelqvist and Larsson, 2000; Lipsky
et al., 2004; Lipsky, 2004).

The extension of soft tissue infection to underly-
ing bone in diabetic foot wounds poses diagnostic
and therapeutic challenges (Apelqvist and Larsson,
2000; Lipsky et al., 2004; Lipsky, 2004; Berendt
et al., 2008; Butalia et al., 2008). Identification of
osteomyelitis is based on detection of the signs and
symptoms of infection, although many patients
with diabetic foot wounds have no typical local
signs. Left untreated, infection becomes chronic
and disrupts the local blood supply to the affected
bone resulting in eventual death of bone tissue.
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Radiological diagnosis is often difficult because
changes suggesting osteomyelitis usually take sev-
eral weeks before they are visible on X-ray. The
difficulty in distinguishing between osteomyelitis
and osteoarthropathy is well recognised and can
be problematic in clinical practice. A bone scan,
magnetic resonance imaging (MRI) or CT scan can
be of value to determine the existence and extent
of deep foot infection but are not always available
(Lipsky et al., 2004; Lipsky, 2004; Berendt et al., 2008;
Butalia et al., 2008). Blood tests are of limited use but
increased ESR, leukocytosis, fever, CRP concentra-
tions, if present, are usually indicative of soft tissue
infection (NICE, 2011). In the case of a deep soft tis-
sue infection, abscess or necrotising tendovaginitis,
immediate surgery is usually required to save the
affected limb (Apelqvist and Larsson, 2000; Lipsky
et al., 2004; Lipsky, 2004).

Practice point

What is the best way to detect bone infection in
patients with diabetic foot wounds?

The use of microbiological cultures, although common,
are often inaccurate as the specimen may not be prop-
erly obtained or the patient is on antibiotic treatment
and results are not available for 3 or 4 days (NICE,
2011). Assessment of clinical signs of infection in dia-
betic patients provides limited information for early diag-
nosis of osteomyelitis, so a quicker, more reliable method
is required. Although bone histology is considered to
be the most reliable method of diagnosing osteomyeli-
tis (Prompers et al., 2008), it is not frequently used in
clinical practice as it is an invasive procedure which puts
the patient at risk. However, microbiological cultures are
valuable in situations when the patient does not respond
to treatment and in clinical environments when infor-
mation about MRSA and ESBL is mandatory. If an ini-
tial X-ray is not conclusive, an MRI can help to identify
osteomyelitis in the diabetic foot or if MRI is contraindi-
cated, then white blood cell scanning can be a good alter-
native (NICE, 2011).

Some studies suggest that the probe to bone (PTB)
test is an effective clinical method for detecting bone
infection in outpatient populations with a high preva-
lence of osteomyelitis (Rönnemaa et al., 1997; Ragnarson-
Tennvall and Apelqvist, 2001; Prompers et al., 2008). This
test is used to detect osteomyelitis using a sterile, blunt
probe to palpate bone through the diabetic foot wound
and is positive when a hard substance assumed to be
bone is detected. However, it must be remembered that
use of the PTB test, especially in untrained hands, can
itself increase the probability of bone infection. In clin-

ical practice, the presence of exposed bone or probing
to bone in a diabetic foot wound increases the probabil-
ity for osteitis which may be an osteomyelitis. From the
scientific perspective, there is no gold standard for the
diagnosis of bacterial infection in bone (Berendt et al.,
2008 or IWGDF, 2007).

Management of diabetic foot ulcers

It is widely accepted that co-morbidity is strongly
related to healing of diabetic foot wounds
(Apelqvist and Larsson, 2000; IWGDF, 2007;
Prompers et al., 2007, 2008). It is therefore impor-
tant to recognise that the diabetic foot ulcer is
a sign of multi-organ disease rather than an iso-
lated condition and requires management of dia-
betes and its complications. Aggressive medical
treatment with regard to co-morbidity including
measures to improve metabolic control, treatment
of hypertension and dyslipidaemia and adjuvant
treatment with anti-platelet drugs is essential when
managing metabolic syndrome and concurrent dis-
ease (IWGDF, 2007).

Vascular intervention

Peripheral vascular disease causing arterial insuf-
ficiency is the most important factor related to the
outcome of diabetic foot ulceration. In large Euro-
pean cohort studies, neuro-ischaemic or ischaemic
ulcers accounted for 50–58% of all diabetic foot
ulcers admitted to specialist care (Prompers et al.,
2007, 2008; Gershater et al., 2009). There is gen-
eral agreement that surgical treatment is indicated
to relieve symptoms of limb-threatening ischaemia
including ischaemic pain, ischaemic ulcers and gan-
grene (Apelqvist and Larsson, 2000; IWGDF, 2007;
Norgren et al., 2007; Mills, 2008; Hinchliffe et al.,
2011).

Percutaneous transluminal angioplasty (PTA)
has a low incidence of complications and is said
to produce results comparable to those obtained
with vascular surgery in both diabetic and non-
diabetic patients (Jacqueminet et al., 2005; Faglia
et al., 2009; Ferraresi et al., 2009). However, there
are few studies evaluating wound healing and
amputation rates after revascularisation in dia-
betic patients with neuro-ischaemic or ischaemic
ulcers as these patients constitute a severe challenge
due to the presence of coexistent co-morbidities
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such as cardio-cerebrovascular disease (IWGDF,
2007; Apelqvist et al., 2011; Hinchliffe et al., 2011).
Angiography indicates that intervention is strongly
related to the extent of co-morbidity rather than
availability of intervention (Gershater et al., 2009;
Ihnat and Mills, 2010; Apelqvist, 2011; Hinchliffe
et al., 2011).

Bypass surgery and/or subintimal recanalisation
should be attempted in patients if PTA is not possi-
ble or unsuccessful. A distal bypass reconstruction
will often be necessary because of the involvement
of vessels in the lower leg (Norgren et al., 2007; Ihnat
and Mills, 2010; Apelqvist et al., 2011). Advances in
vascular surgery have improved results for these
procedures suggesting a decline in amputation rate
in ischaemic diabetic feet (Apelqvist and Larsson,
2000; Faglia et al., 2009; Ferraresi et al., 2009).

The benefits of pharmacological treatment to
improve perfusion in DFU remain controversial.
Treatment to remove peripheral oedema due to
congestive heart failure, nephropathy, infection
or hydrostatic/neuropathic oedema is mandatory.
Drugs such as prostacyclin analogues, buflomedil,
ketanserin and urokinase can be used in patients in
whom revascularisation is not possible (Apelqvist
and Larsson, 2000; Norgren et al., 2007). The use
of heparin subcutaneously has shown promising
results in a small randomised controlled trial (RCT)
of neuro-ischaemic foot ulcers in diabetic patients
not available for revascularisation (Kalani et al.,
2003). The value of hyperbaric oxygen to treat
ischaemic foot ulcers is still controversial but ran-
domised studies with successful results have been
published (Abidia et al., 2003; Hinchliffe et al.,
2008; Löndahl et al., 2010). Gene therapy using
oxygenic growth factors to stimulate development
of collateral circulation is under development but
still unproven in the clinical setting (Kalani et al.,
2003).

Foot surgery and amputation

Some data exist to support the use of surgical
techniques to offload a non-infected neuropathic
ulcer, including surgical excision of ulcers, arthro-
plasties, metatarsal head resections and Achilles
tendon lengthening. These procedures may be
combined with local skin flaps and appear to give
good results as long as tissue perfusion is adequate
(Mueller et al., 2003; Bus et al., 2008; Cavanagh
and Bus, 2010). These surgical techniques seem to

contribute to shorter healing times but the healing
rate is not higher compared to a non-surgical
approach in studies with a longer follow-up,
as well as reducing the risk of ulcer recurrence
(Mueller et al., 2003). Elective surgery should be
considered to correct structural deformities that
cannot be accommodated by therapeutic footwear.
Common procedures include hammer toe repair,
metatarsal osteotomies, plantar exostectomies and
Achilles tendon lengthening. Complicated Charcot
surgery is also a part of offloading indicated for
chronic recurrent ulcerations and joint instability
when patients present with unstable or displaced
fracture dislocations (IWGDF, 2007; Cavanagh and
Bus, 2010).

The major complication for diabetic foot ulcers is
lower leg amputation. The indications most com-
monly cited are gangrene and infection which fre-
quently occur simultaneously. It should be empha-
sised that a non-healing ulcer in itself should not
be considered as an indication for amputation since
wound chronicity is a factor that does not neces-
sarily delay healing of an amputation as long as
the duration of the ulcer in itself is not considered
an indication for amputation (Apelqvist and Lars-
son, 2000). However, studies have shown that there
is an established correlation between duration of
neuropathic foot ulceration and probability of heal-
ing within 12 weeks (Sheehan et al., 2003). Minor
amputations, e.g. those below the ankle should be
left open to heal by secondary intention if skin via-
bility is compromised (Larsson et al., 2008; Svens-
son et al., 2011).

There is still some controversy concerning the
benefit of a primary minor amputation versus pri-
mary major amputation (below knee) in this patient
group (Jeffcoate and van Houtum, 2004; Sheahan
et al., 2005; IWGDF, 2007). The advantage of pri-
mary major amputation is a lower re-amputation
rate and shorter healing time (Svensson et al., 2011).
Minor amputations are associated with higher re-
amputation rates and as a consequence longer
wound healing time. However, in a prospective
study, patients with diabetes and foot ulcers with
a healed major amputation (at or above the ankle)
have a higher mortality rate, equal rate of a future
new amputations, an increased rate of future major
amputation and a lower potential for rehabilitation
compared to an individual with diabetes and foot
ulcers and a healed minor amputation (below the
ankle) (Larsson et al., 1998). There is a consider-
able difference regarding economic costs between
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healing of a minor versus a major amputation from
either a short- or long-term perspective due to
increased need for home care and social service fol-
lowing a major amputation (Apelqvist and Larsson,
2000; Boulton et al., 2005).

Debridement

The specific aims of debridement in patients with
diabetic foot wounds are as follows:

� limit tissue damage to save the leg and life of
the patient;

� remove devitalised tissue to optimise wound
healing;

� create/produce a foot that can maintain ambu-
lation (Apelqvist and Larsson, 2000; IWGDF,
2007).

Neuropathic ulcers with callus and necrosis
should be debrided as soon as possible so that the
depth of the ulcer and extent of trauma can be
determined. Removal of callus can reduce plantar
pressures by as much as 30%, leading to improved
wound healing (Cavanagh and Bus, 2010).

In the case of an acute deep foot infection, with or
without osteomyelitis, surgical intervention should
always be considered because in prospective
studies more than 80% of patients required a sur-
gical procedure to achieve healing (Apelqvist and
Larsson, 2000; Lipsky et al., 2004; Lipsky, 2004;
IWGDF, 2007). In the case of a deep soft tissue
infection, or abscess, or necrotising tenovaginitis
immediate surgery is usually required (Lipsky et al.,
2004; Lipsky, 2004). The presence of active, exten-
sive infection in a diabetic foot wound requires
immediate wound debridement regardless of the
need for revascularisation. Once the acute infec-
tion is under control, the need for revascularisation
and evaluation of tissue perfusion should always
be considered, together with implementation of a
multidisciplinary strategy to optimise healing (Lip-
sky et al., 2004; Lipsky, 2004; IWGDF, 2007).

The choice of debridement method is dependent
on the level of decreased perfusion to the foot, the
extent of tissue loss and the expertise of the opera-
tor and should focus not only on achieving wound
healing but to maintain ambulation. Non-surgical
debridement techniques can be used to remove
dead tissue when surgery is not an option, and

improve the condition of the wound bed to opti-
mise healing (Edwards, 2002) (see Chapter 6).

Infected diabetic foot ulcers require surgical
debridement if possible, in the case of ischaemia,
revascularisation should be attempted before
debridement; and in foot ulcers with a limited
amount of available soft tissue, non-surgical tech-
niques can be helpful to preserve tissue loss and
maintain a foot that is ambulative once healed.
Surgery is always the quickest way of debridement
but results in the most extensive tissue loss. Heel
ulcers are especially prone to delayed healing as
poor perfusion in the heel fat pad and the danger of
debriding into the calcaneus may increase the risk
of deep infection.

Infection in diabetic foot wounds

Infection is seldom the direct cause of a foot ulcer.
However, once a diabetic foot wound is compli-
cated by infection, the risk for subsequent ampu-
tation is greatly increased. In a study by Lavery
et al. (Dorresteijn et al., 2010), factors related to
development of a wound infection were duration of
ulcer >30 days, recurrent ulceration, trauma, prob-
ing to bone and co-existent peripheral arterial dis-
ease (Lavery et al., 2006). The evidence suggests
that the outcome of deep foot infection is related to
the extent of tissue involvement, co-morbidity and
peripheral vascular disease (Apelqvist and Larsson,
2000; IWGDF, 2007; Prompers et al., 2008; Gershater
et al., 2009; Apelqvist et al., 2011). In the EURO-
DIALE study, more than 50% of patients with a
foot ulcer had received antibiotics prior to admis-
sion to a diabetic foot clinic and between 25% and
75% of patients had a wound infection on admis-
sion (Prompers et al., 2007, 2008). These findings
are cause for concern when multiresistant microbes
such as MRSA are so prevalent. An infection in the
diabetic foot is a limb-threatening condition and,
together with ischaemia, is a direct cause of ampu-
tation in 25–50% of diabetic patients (Apelqvist
and Larsson, 2000; Lipsky et al., 2004; IWGDF,
2007).

Antibiotic treatment for diabetic foot infection
should be based on an understanding of antimicro-
bial principles and awareness of relevant clinical
evidence (Lipsky et al., 2004; Lipsky, 2004). Choice
of antibiotic therapy is also governed by national
protocols and resource limitations in many parts
of the world which poses particular challenges for
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individuals who live in rural areas. The choice of
antibiotic treatment should be based on several fac-
tors, the most important of which is the severity of
the infection. This also dictates the mode of antibi-
otic administration, and the need for admission
to hospital. Antibiotic therapy should be admin-
istered using the drug with the lowest acquisition
cost relevant for the clinical circumstances (NICE,
2011). Therapy aimed solely at aerobic Gram-
positive cocci may be sufficient for acute mild-
to-moderate infections in patients who have not
recently received antibiotic therapy (NICE, 2011).
Antibiotics should be selected for severe infections
that are active against Gram-positive, Gram neg-
ative and anaerobic bacteria (Berendt et al., 2008).
Mild-to-moderate infections should be treated with
oral antibiotics, the intravenous route should be
reserved for severe infections (NICE, 2011). In long-
standing ulcers or ulcers with delayed healing with
ischaemia or necrotic tissue, polymicrobial flora are
likely to be present in which the causative agent is
unknown. Broad-spectrum antibiotic therapy is not
routinely required but is indicated for moderate-
to-severe infections. Definitive therapy should be
based on both the culture results and sensitivity
data and the patient’s clinical response to the treat-
ment regimen. Antibiotic therapy should be con-
tinued until there is evidence that the infection has
resolved, but not necessarily until the wound has
healed (Berendt et al., 2008).

Initial treatment should include wound debride-
ment and a tissue sample for culture and sensitivity.
The most important step in the control of deep infec-
tion is urgent incision and drainage of an abscess
and radical debridement of all infected, non-viable
necrotic tissue (Lipsky et al., 2004). Wound debride-
ment should be performed first and in the case of
ischaemia, revascularisation shortly after (Lipsky
et al., 2004; Lipsky, 2004; Ihnat and Mills, 2010). In
situations without a limb-threatening infection, the
blood supply to the wound or extremity should be
optimised before surgical debridement to ensure
that potentially viable tissue is not unnecessarily
removed (Ihnat and Mills, 2010).

Osteomyelitis

The principle of treating osteomyelitis in the dia-
betic foot is to eliminate secondary bone infection
and prevent development of chronic infection and
amputation. The decision to manage osteomyelitis
conservatively or surgically is currently debatable

and the rationale is unclear (Berendt et al., 2008).
Traditionally, the essential treatment of chronic
osteomyelitis has always been resection of infected
bone and treatment with antibiotics. However, sur-
gical techniques such as ray and metatarsal ampu-
tations alter the structure and biomechanics of the
foot causing gait problems following surgery and
may increase the risk of new ulceration, for exam-
ple if the second metatarsal head is removed to heal
an ulcer, the consequence is increased peak pressure
under the third metatarsal head which may result in
development of a new ulcer. Current evidence sug-
gests that patients who are thought to need urgent
surgery for life- or limb-threatening infection, but
are not able to have it, may not routinely need sur-
gical debridement of infected bone and treatment
of osteomyelitis may be achieved with antibiotics
alone.

Although many experts still believe that resolu-
tion of bone infection in diabetic foot wounds is
facilitated by appropriate debridement of necrotic
tissue, there is increasing evidence that surgical
debridement of infected bone is not routinely neces-
sary, especially in the digits (IWGDF, 2007; Berendt
et al., 2008). Splinting or cast immobilisation may
be required to immobilise the affected bone and
soft tissue to minimise further trauma and pro-
mote healing. With early referral and prompt treat-
ment, the outcome can be good for osteomyelitis
in diabetic foot wounds, although some chronic
bone infections can be so resistant to treatment that
amputation may be required.

Offloading – non-weight-bearing

An essential part of treatment to achieve heal-
ing in diabetic foot ulcers includes effective
offloading to achieve non-weight-bearing by using
shoes, insoles, casting, other orthoses, crutches or
wheelchair. Many wound management interven-
tions have failed due to failing recognition of
the need for effective offloading (Bus et al., 2008;
Cavanagh and Bus, 2010). The aim of offload-
ing and protection is to maintain ambulation and
treat the foot ulcer. In the acute situation, crutches,
wheelchair or bed rest might be necessary to
achieve this. However, in most situations, an ade-
quately fitting shoe, orthoses or insoles will be
sufficient. In cases with plantar ulceration, in which
disturbed biomechanic pressures cause deterio-
rated circulation, techniques to decrease plantar
peak pressure is necessary including techniques
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such as total contact cast (TCC), walkers, remov-
able or non-removable-orthoses, or other devices.

Studies indicate an offloading system has to
achieve a threshold of a peak pressure <200 kPa
to maintain healing (Owings et al., 2009). This
requires shoes provided by an orthopaedic spe-
cialist clinic and the patient requires shoes for
both indoor and outdoor use. Acceptable tech-
niques used in offloading include soft and shock-
absorbing materials, custom moulding, forefoot- or
heel-offloading shoes, rocker-bottom shoes, casts,
walkers, crutches, wheelchair and surgery (Bus
et al., 2008; Cavanagh and Bus, 2010). RCTs have
shown that the TCC is more effective than remov-
able devices both with regard to plantar foot ulcer
healing and time to heal (Bus et al., 2008; Cavanagh
and Bus, 2010). TCCs and other non-removable
devices are most effective because they eliminate
the problem of non-adherence. Conventional or
standard therapeutic footwear is not effective in
ulcer healing (Bus et al., 2008; Cavanagh and Bus,
2010). Shoes and insoles that have not been spe-
cially adapted for the individual patient’s foot have
not been proven effective with regard to healing
of a diabetic foot ulcer. If footwear cannot achieve
or prevent recurrent ulceration, then the patients’
activity level must be drastically modified (Bus
et al., 2008; Cavanagh and Bus, 2010).

Wound dressings: special considerations

In patients with diabetes mellitus, there is a sub-
stantial delay in wound healing which is associ-
ated with abnormalities related to hyperglycaemia
such as decreased concentrations of growth factors,
increased protease activity, abnormalities of the
extracellular matrix and reduced fibroblast function
(Sibbald and Woo, 2008). Several new treatments
related to these abnormalities have been explored
in wound healing such as various growth fac-
tor products, hyaluronic acid, matrix modulators,
skin tissue engineering products, artificial skin and
granulocyte colony stimulating factor. Encourag-
ing results have been presented, but at the moment
there is no consensus regarding indications for and
value of these treatments (IWGDF, 2007; NICE,
2011; Brolmann et al., 2012). The basic principles of
dressing choice for diabetic foot ulcers are the same
as for other chronic wounds with the exception that
foot ulcers are frequently located on weight-bearing
areas, lack skin sensation and have an increased risk
of infection and ischaemia.

Negative-pressure wound therapy (NPWT) has
shown promising results improving the condition
of the wound bed in people with diabetes who
have cavity ulcers and wounds following forefoot
amputation. Two randomised controlled studies
have shown that NPWT can reduce wound area
and improve wound healing rates at 16 weeks in
patients with foot ulcers with adequate circulation
compared to controls (Armstrong and Lavery, 2005;
Blume et al., 2008; Vikatmaa et al., 2008). However,
NPWT therapy has to be performed by healthcare
staff with adequate skill and it is essential to apply
it to a foot ulcer with adequate tissue perfusion and
controlled infection. Hyperbaric oxygen therapy as
opposed to a placebo or control treatment has been
shown to be effective in reducing amputation rates
in patients with diabetic foot ulcers (Brolmann et al.,
2012).

Foot care

The provision of appropriate foot care is an essen-
tial part of the management of people with diabetes
and helps to avoid morbidity due to foot ulceration
and amputation. Foot care should be given an equal
emphasis in self-care for people with diabetes as
the blood glucose control (NICE, 2011). The impor-
tance of a suitably trained healthcare professional
such as a podiatrist in examination, screening, edu-
cation and treatment of non-ulcer pathology is well
recognised (Schaper et al., 2003; IWGDF, 2007). Cor-
rect treatment of callosities, cracked skin, dry skin
and nail deformities is essential and requires spe-
cific skills. It has been suggested that regular foot
care, podiatry and education provided individually
by a podiatrist results in significant improvement in
knowledge and foot self-care and in the prevalence
of minor foot problems such as treatment of severe
calluses and nail pathologies (Singh et al., 2005;
Cavanagh and Bus, 2006; NICE, 2011). Regular
podiatry visits contribute to a careful visual inspec-
tion of the feet and helps support patients who
experience difficulty in performing self-inspection
and self-care. An annual foot inspection and review
should be part of ongoing care for people with
healed foot ulcers and should be more frequent
for those with increased risk of ulceration. These
appointments facilitate appropriate foot-care edu-
cation and foster good self-care practices.

In order to prevent trauma causing ulcers in
a non-weight-bearing area, most patients with
increased risk of foot ulcers due to neuropathy and
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foot deformities need to protect their feet by wear-
ing well-fitting shoes (Bus et al., 2008; Cavanagh
and Bus, 2010). Since foot deformities are common
among patients with diabetes and neuropathy, it
is important that there is sufficient space for the
toes in shoes. Shoe insoles should reduce foot pres-
sures below the threshold of ulceration. Individuals
with diabetes and neuropathy should avoid walk-
ing barefoot or with open-toed sandals due to the
risk of trauma.

Protective footwear probably prevents plantar
ulceration by redistribution and reduction of abnor-
mal pressures (metatarsal heads, great toe and areas
of callus formation) and also protects the foot from
external trauma (Bus et al., 2008; Cavanagh and
Bus, 2010). A number of studies have shown that
protective footwear when appropriately worn can
prevent re-ulceration in 60–85% of diabetic patients
(Bus et al., 2008; Cavanagh and Bus, 2010). Vari-
ous techniques such as slow motion video, force
platforms, pressure distributions which measure
ground reaction force, pressure distributions from
barefoot walking and pressure measurements made
at the foot–shoe interface have been developed to
evaluate dynamic changes in plantar pressure when
standing and walking, and reduction of loading
measured with these techniques has been related
to a reduction in the probability of re-ulceration.

Education and support

People with diabetes and increased risk of foot
ulcers need to learn to recognise potential foot prob-
lems and take appropriate action (Schaper et al.,
2003; IWGDF, 2007; Lincoln et al., 2008; Dorresteijn
et al., 2010; McInnes et al., 2011). Patient education
in preventive foot care, for those who have been
identified as ‘at risk’ of foot ulceration has been
described as important in international guidelines
(Schaper et al., 2003; IWGDF, 2007; NICE, 2011).

These guidelines emphasise that patient educa-
tion should include the following:

(1) Daily examination of the feet.
(2) Maintenance of skin hygiene.
(3) How to minimise inadvertent self–harm, e.g.

corn removal.
(4) Wearing appropriate footwear.
(5) When to seek advice from heathcare profes-

sionals.

Patient education should therefore aim to raise
awareness of the link between diabetes, neuropa-
thy and development of foot ulcers; the importance
of daily foot inspections; practical self-care actions;
choice of appropriate footwear; and the importance
of seeking help early in case of any abnormality
(Lincoln et al., 2008; Dorresteijn et al., 2010; McInnes
et al., 2011). Patients need to be taught the impor-
tance of preventative foot care and be encouraged
to inspect their feet daily to identify early signs of
abnormality and use a mirror to help inspect the
plantar aspect of both feet. If the patient is not able
to perform this inspection, family or home care ser-
vices should be encouraged to provide this support.

Practice point

People with diabetes may develop fungal infections and
dystrophic changes to the toenails. Surgical-quality nail-
cutters should be used to trim and shape thickened,
fungus-infected nails. A rotary drum sander can be used
by appropriately trained individuals to reduce affected
toenails to tissue-paper thinness as an alternative to sys-
temic or local fungicidal agents as the fungus will find
it difficult to survive due to the drying effect of the air.
Systemic or local fungicidal agents should not be used
unless the diagnosis has been confirmed by culture and
cytology and in many cases is not warranted.

Recently, there has been substantial interest about
patient’s beliefs about health and illness and atti-
tudes towards their diabetes (Hjelm et al., 2003;
Nabuurs-Franssen et al., 2005; Vileikyte, 2008; Gon-
zalez et al., 2010). Findings consistently show that
people with diabetes and foot ulcers do not always
understand the relationship between foot ulcera-
tion and chronic disease and frequently underesti-
mate the severity of the situation and consequently
do not seek care in the early stages. Frequently, the
first recognition of the danger of diabetes causing
multiple organ damage is the occurrence of a foot
ulcer or gangrene and evidence is growing that it
can be traumatic for patients to realise that their
foot ulcer is related to their diabetes (Vileikyte, 2008;
Gonzalez et al., 2010).

Several studies indicate the importance of edu-
cation for clinicians regarding early recognition of
potential risk relating to the diabetic foot. In one
study, delay of treatment of foot ulceration was
attributed to patients in 12% of cases and to profes-
sionals in 21% of cases (Macfarlane and Jeffcoate,
1997). Another study reported that 29% of patients
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Box 9.1 Recommendations for minimum levels
of foot-care service (IWGDF, 2007)

Level 1 General practitioner, diabetic nurse and
podiatrist

Level 2 Diabetologist, surgeon (general and/or
vascular and/or orthopaedic), diabetic
nurse and podiatrist

Level 3 Specialised foot centre with multiple
disciplines specialised in diabetic foot care

with severe foot ulceration complicated by infec-
tion and gangrene delayed presenting to healthcare
professionals as a result of underestimation of the
severity of tissue damage and lack of recognition of
the consequences of ischaemia.

Provision of specialist diabetic
foot services

A multidisciplinary approach to the management of
diabetic foot disease has been successfully imple-
mented in many different countries with various
healthcare delivery systems resulting in a substan-
tial decrease in amputation rate (Krishnan et al.,
2008; Zayed et al., 2009). Two comparative studies
have shown improved clinical results with mul-
tidisciplinary treatment versus standard care in
ordinary practise (McCabe et al., 1998; Dargis et al.,
1999). Ideally, a specialist foot-care team would con-
sist of a diabetologist, surgeon, podiatrist, orthotist
and plaster technician, working in close collabora-
tion with an orthopaedic, podiatric and/or vascular
surgeon and a dermatologist (NICE, 2011).

The effective organisation of foot-care pathways
is essential to improve the outcome for people with
diabetic foot complications and requires guidelines
for screening, risk reduction, treatment, education
and clinical audit. However, local variations in
resources and staffing will determine the way in
which care is provided. Box 9.1 highlights the rec-
ommendations by the International Working Group
on the Diabetic Foot for minimum levels of foot-
care service provision. The appropriate use of inter-
nationally agreed guidelines and implementation
of clinical skills by well-informed multidisciplinary
teams can ensure that management of this vulnera-
ble group is optimised (NICE 2011).

Criteria for specialist referral

International guidelines recommend that advice
should be quickly obtained from an appropriate
specialist if any of the following circumstances
apply (IWGDF, 2007; NICE, 2011):

� Worsening serious co-morbidity such as chronic
kidney or cardiovascular disease;

� Signs and symptoms of systemic sepsis;
� Clinical signs of a deep-seated infection;
� Evidence of decreased perfusion and limb

ischaemia;
� Evidence of Charcot arthropathy.

The combination of ischaemia and infection
always necessitates urgent treatment, as ‘time is
tissue’ in these circumstances. Patients should be
referred to a multidisciplinary foot-care team as
quickly as possible after the detection of serious dia-
betic foot complications. If possible, these patients
should be managed by a consultant member of the
team with the appropriate clinical expertise.

Summary

Diabetes-related foot compilations are a tremen-
dous challenge for patients, care-givers and health-
care systems. The diabetic foot should be consid-
ered a lifelong condition since after developing an
ulcer the patient is always at high risk of devel-
oping a new ulcer and the condition is related to
substantial co-morbidity with high mortality and
future risk of amputation. In an individual with
diabetes and foot ulceration the ulcer should be
considered as a sign of multi-organ disease and a
holistic approach in management and prevention is
recommended.

Useful resources

International Working Group on the Diabetic Foot:
Available at: www.iwdgf.org

The International Consensus on the Management
and Prevention of the Diabetic Foot

Translated into 26 languages.
This site contains specific guidelines relating to

DFU including

� Wound and wound bed management
� Treatment of diabetic foot infections

http://www.iwdgf.org
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� Diagnosis and treatment of PAD in a diabetic
patient with a foot ulcer

� Footwear and offloading

National Institute Clinical Effectiveness guid-
ance:

Available at: www.nice.org.uk/guidance/CG10

� Diabetic foot problems: inpatient management
of diabetic foot problems. NICE clinical guide-
lines.

� Type 2 diabetes – foot care. NICE clinical guide-
line 10 (2011).

60-Second Diabetic Foot Screen:

Available at: http://cawc.net/images/uploads/
Inlow_Tool_2010.pdf

Adapted from Inlow, S. (2004) A 60 second foot
exam for people with diabetes. Wound Care
Canada, 2(2), 10–11. C©CAWC 2010. P1419E.
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Nyberg, P., Thörne, J. (2011) Factors related to out-
come of neuroischemic/ischemic foot ulcer in diabetic
patients. Journal of Vascular Surgery, 53(6), 1582–1588.

Apelqvist, J., Larsson, J. (2000) What is the most effec-
tive way to reduce incidence of amputation in the
diabetic foot? Diabetes/Metabolism Research and Reviews,
16(Suppl. 1), S75–S83.

Apelqvist, J., Larsson, J., Agardh, C.D. (1993) Long term
prognosis for diabetic patients with foot ulcer. Journal
of Internal Medicine, 233, 485–491.

Armstrong, D.G., Lavery, L.A. (2005) Diabetic Foot Study
Consortium. Negative pressure wound therapy after
partial diabetic foot amputation: a multicentre, ran-
domised controlled trial. Lancet, 366, 1704–1710.

Berendt, A.R., Peters, E.J., Bakker, K., et al. (2008) Dia-
betic foot osteomyelitis: a progress report on diag-
nosis and a systematic review of treatment. Dia-
betes/Metabolism Research and Reviews, 24(Suppl. 1),
S145–S161.

Blume, P.A., Walters, J., Payne, W., Ayala, J., Lan-
tis, J. (2008) Comparisons of negative pressure wound
therapy using vacuum assisted closure with advanced
moist wound therapy in the treatment of diabetic foot
ulcers: a multicenter randomised controlled trial. Dia-
betes Care, 31, 631–636.

Boulton, A.J. (2004) The diabetic foot: from art to sci-
ence. The 18th Camillo Golgi lecture. Diabetologia, 47(8),
1343–1353.

Boulton, A.J. (2008) The diabetic foot: grand overview,
epidemiology and pathogenesis. Diabetes/Metabolism
Research and Reviews, 24(Suppl. 1), S3–S6.

Boulton, A.J., Vileikyte, L., Ragnarson-Tennvall, G.,
Apelqvist, J. (2005) The global burden of diabetic foot
disease. Lancet, 366(9498), 1719–1724.

Boyko, E.J., Ahroni, J.H., Cohen, V., Nelson, K., Hea-
gerty, P. (2006) Prediction of diabetic foot ulcer occur-
rence using commonly available information. The Seat-
tle Diabetic Foot Study. Diabetes Care, 29, 1202–1207.

Brollmann, F.E., Ubbink, D.T., Nelson, E.A., et al.
(2012) Evidence-based decisions for local and systemic
wound care. British Journal of Surgery, 99(9), 1172–
1183.

Bus, A., Valk, G.D., van Deursen, R.W. et al. (2008)
The effectiveness of footwear and offloading inter-
ventions to prevent and heal foot ulcers and reduce
plantar pressure in diabetes: a systematic review. Dia-
betes/Metabolism Research and Reviews, 24(Suppl. 1), 162–
180.

Butalia, S., Palda, V.A., Sargeant, R.J., Detsky, A.S.,
Mourad, O. (2008) Does this patient with diabetes have
osteomyelitis of the lower extremity? The Journal of the
American Medical Association, 299, 806–813.

Carrington, A.L., Mawdsley, S.K., Morley, M., Kincey,
J., Boulton, A.J. (1996) Psychological status of diabetic
patients with or without lower limb disability. Diabetes
Research and Clinical Practice, 32, 19–25.

Cavanagh, P.R., Bus, S.A. (2010) Off-loading the diabetic
foot for ulcer prevention and healing. Journal of Vascular
Surgery, 52(Suppl. 3), 37S–43S.

Connor, H., Mahdi, O.Z. (2004) Repetitive ulceration
in neuropathic patients. Diabetes Metabolic Research
Review, 20(Suppl. 1), 23–28.

Dargis, V., Pantelejeva, O., Jonushaite, A., Boulton,
A., Vileikyte, I. (1999) Benefits of a multidisciplinary
approach in the management of recurrent diabetic foot
ulceration in Lithuania: a prospective study. Diabetes
Care, 22(9), 1428–1431.

Dorresteijn, J., Kriegsman, D., Assendelft, W., Valk, G.
(2010) Patient education for preventing diabetic foot

http://www.nice.org.uk/guidance/CG10
http://cawc.net/images/uploads/Inlow_Tool_2010.pdf
http://cawc.net/images/uploads/Inlow_Tool_2010.pdf


Diabetic Foot Disease 153

ulceration. The Cochrane Database of Systematic Reviews,
Issue 5.

Edwards, J. (2002) Debridement of diabetic foot ulcers.
The Cochrane Database of Systematic Reviews [Computer
File], Issue 4: CD003556.

Faglia, E., Clerici, G., Clerissi, J., et al. (2009) Long-
term prognosis of diabetic patients with critical limb
ischemia: a population-based cohort study. Diabetes
Care, 32(5), 822–827.

Ferraresi, R., Centola, M., Ferlini, M., et al. (2009) Long-
term outcomes after angioplasty of isolated, below-
the-knee arteries in diabetic patients with critical limb
ischaemia. European Journal of Vascular and Endovascular
Surgery, 37(3), 336–342.
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Overview
� Leg ulcer prevalence rates vary in different geographical locations (0.45 per 1000 population in the United Kingdom,

0.62 in Australia, 1.0 in Sweden and 1.28 in Poland but are in the region 1.0 per 1000 population).
� Leg ulceration has a profound effect on the quality of life as sufferers encounter pain, leakage, disturbed sleep, impaired

mobility and difficulties with everyday activities.
� Leg ulcers cause loss of function and require long-term care resulting in a high financial burden estimated to be more than

$1 billion in the United States and £400–£600 million in the United Kingdom per annum.
� There is good evidence that compression bandaging increases healing rates for venous leg ulcers and that multi-component

systems seem to be more effective than single-layer systems.
� Healthcare professionals should give clear, unambiguous information to promote treatment adherence in this patient group.

A range of adherence-enhancing strategies should be developed to help promote effective self-care for people with leg
ulcers.

Introduction

A chronic leg ulcer is a slow healing wound, usu-
ally situated on the lower leg and associated with
circulatory disorders, mainly of the venous system
although there may be other causes. Partsch (2009)
states that a leg ulcer is not a disease, but a symp-
tom of a disorder, and usually situated on the leg as
humans are ‘victims of gravity’. This is an impor-
tant point as it explains why topical treatments such
as wound dressings are often unsuccessful as they
fail to address the underlying cause. Sound knowl-
edge of the skin, lymphatics and vascular systems is

essential to understand the aetiologies, prevalence
and management of leg ulceration.

Epidemiology

Half the Western population have varicose veins,
although in two-thirds of cases this is medically
insignificant. The remaining third will suffer some
form of venous disorder which is progressive
(Laing, 1992) with approximately 1% of the pop-
ulation in the United Kingdom suffering from an
active leg ulcer at any one time (Weddel, 1966).

Wound Healing and Skin Integrity: Principles and Practice, First Edition. Edited by Madeleine Flanagan.
C© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.



156 Wound Healing and Skin Integrity

In an epidemiological study of 238,000 people in
Western Australia, Baker et al. (1991) found that
chronic leg ulcer prevalence was 0.62 per 1000 of
the population, with venous ulceration accounting
for 57% of all patients with a chronic leg ulcer. Of
those with venous ulceration, 22% were found to
have significant arterial ischaemic disease. More
recently, Nelzen (2008) reported that the overall
prevalence of venous leg ulceration in Sweden was
stable at around 1% of the population whereas point
prevalence varied across different countries. Causal
factors, reporting methods and variations in prac-
tice help to explain the differences in global preva-
lence rates. In more recent studies more accurate
assessment with modern diagnostic methods such
as Doppler ultrasound can contribute to variations
in data (Nelzen, 2008).

The causes of leg ulceration are multifacto-
rial, approximately 35% of cases have underly-
ing pathologies such as diabetes (11.35%), lym-
phoedema (42%) and rheumatoid arthritis (26%)
(Nelzen, 2008). In this study, uncomplicated venous
ulceration accounted for 43% of all ulcers.

Comorbidities and underlying pathologies

Underlying conditions affecting the venous and
arterial systems tend to increase in the elderly
resulting in leg ulceration. Metabolic disturbances
such as diabetes carry an increased risk of infection
due to immune deficiency and raised blood glucose
levels (McIntosh and Green, 2009). Where periph-
eral neuropathy exists, loss of sensation could lead
to skin and vascular damage if bandages, hosiery
and dressings are not carefully checked for pressure
injuries. This is particularly important for elderly
patients with dry, thinning skin that may easily
become damaged. Patients with coexisting conges-
tive heart disease may also present with periph-
eral oedema, and care must be taken to ensure that
only low levels of compression are applied as high-
compression bandaging could cause rapid venous
return and cardiac overload.

Rheumatoid arthritis and vasculitis

Inflammatory conditions such as rheumatoid
arthritis may result in venous disease due to immo-
bility, poor calf pump and ankle function (McRorie,

2000). Rheumatoid arthritis is also commonly asso-
ciated with pyoderma gangrenosum and vasculitis
which cause inflammatory vascular changes. The
result is a chronic condition that is difficult to diag-
nose and painful to treat particularly in the presence
of thinning skin (Armitage and Roberts, 2004). Man-
agement of venous disease in patients with rheuma-
toid arthritis is further complicated by the pres-
ence of peripheral arterial disease when significant
arterial insufficiency may contraindicate the use of
compression to manage oedema and venous sta-
sis. However, with specialist assessment, patients
can be managed successfully with compression and
elevation to aid healing of venous ulcers (McRorie,
2000). Treatment relies on specialist referral where
corticosteroids and pain relief forms the mainstay
of treatment.

Common causes of leg ulceration:

� Venous
� Lymphovenous
� Diabetic foot ulcers
� Mixed venous arterial
� Pressure ulcers
� Arterial
� Traumatic

Less common causes of leg ulceration:

� Vasculitic causes, e.g. systemic lupus erythe-
matosus, rheumatoid arthritis

� Congenital abnormalities, e.g. Klippel–
Trénaunay syndrome, sickle cell disease

� Malignancy
� Lifestyle-induced, e.g. Buerger’s disease

(smoking-related), or substance abuse
� Pyoderma gangrenosum
� Infection including tropical ulcers
� Psychosocial and self-induced injury
� Trauma

Venous leg ulceration

Venous disorders range from mild thread veins
to large areas of ulceration with accompanying
lymphatic involvement. Impaired lymphatic func-
tion is associated with both venous and chronic
venous hypertension and is associated with chronic
oedema (Prasad et al., 1990). An international vas-
cular committee in America developed the clinical,
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Figure 10.1 The normal venous system in the lower limb. From Tortora and Derrickson (2009). Reproduced with permission from
Wiley.

etiological, anatomical pathophysiological (CEAP)
classification system to describe the symptoms
and severity of venous disorders. This has since
been revised and validated and is now widely
used in international research (Passman et al.,
2011).

The normal venous system consists of deep veins,
perforators and superficial veins (Figure 10.1), and
blood is prevented from the pooling effects of grav-
ity by non-return valves in the veins.

Unlike arteries which benefit from the continuous
pumping action of the heart, the veins rely on the
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Figure 10.2 The role of the foot pump in venous return. From Tortora and Derrickson (2009). Reproduced with permission
from Wiley.

pumping effect of the foot and calf muscles during
movement. The role of the foot pump in venous
return can be seen in Figure 10.2.

In a healthy individual, venous pressure is 90
mmHg in the deep veins and 25–30 mmHg in the
superficial veins when the subject is standing still.
On exercise, the pressure in the deep veins falls to
10–20 mmHg, and is called the ambulatory venous
pressure (AVP) (Partsch, 2006). This lowering of
venous pressure also occurs when the subject is
lying in the horizontal position and explains why
venous return is facilitated by elevating the legs
higher than the heart. Similarly, oedema formation
is affected by gravity, giving rise to dependency
oedema in the chair-bound patient sitting with their
feet on the floor.

Chronic venous insufficiency (CVI) occurs when
the venous system fails to facilitate the flow of
venous blood from the distal areas in the lower leg
into the central venous system (Figure 10.1). CVI
has many causes which require thorough assess-
ment in order to select an appropriate level and
type of compression. Compression therapy plays a
significant role in assisting the blood flow from the
large veins in the sole of the foot through the ankle

area and up to the calf where it is assisted by the calf
muscle which propels the blood towards the upper
leg and beyond.

Factors that affect venous return

Increasing age

Numerous studies have shown the impact of age on
the prevalence of chronic leg ulceration and chronic
oedema. Evans et al. (1999) identified the associa-
tion between age and the prevalence of CVI in a gen-
eral population survey, and a more recent UK study
by Moffatt et al. (2003) reported a crude prevalence
of 823 patients with chronic oedema (1.33/1000,
rising to 5.4/1000 in those aged >65 years). Con-
tributory factors may relate to underlying patholo-
gies, general lifestyle, reduced immune response or
nutrition.

Deep vein thrombosis

Lindholm (2002) discussed deep vein thrombosis
(DVT) as the forgotten factor in leg ulceration,
explaining that in 40% of cases, venous leg ulcers
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are caused by post-thrombotic syndrome (PTS) fol-
lowing DVT. Prandonia et al. (1998) found that 25%
of PTS symptoms appeared within 2 years of acute
DVT. Eighty-two percent of patients followed up for
at least 10 years after a primary thrombosis devel-
oped PTS and of these 10% developed venous leg
ulcers. A subsequent randomised controlled trial
comparing elastic stockings with no compression
(Prandonia et al., 2004) demonstrated a reduction in
the incidence of PTS by 50% in the group assigned
to below-knee compression elastic stockings.

These findings correlate well with those of
Partsch (2005) who recommended the use of com-
pression to reduce symptoms associated with PTS
and DVT. Traditional treatment of bed rest for DVT
has been challenged by Partsch (2005) who found
that ambulation and compression led to faster relief
of pain and swelling with no risk of the patients
developing pulmonary emboli. In a 53-patient ran-
domised controlled trial, 18 patients received strong
inelastic compression, 18 wore thigh-length EU
Class 11 compression stockings and 17 patients
were confined to bed with no compression. In the
compression groups, patients were able to walk
immediately and after 9 days, pain levels and leg
circumference were lower in this group in com-
parison to the bed-rest group. Ambulation whilst
wearing compression is now recommended as the
treatment of choice for patients with DVT.

Venous reflux

Backflow of blood occurs as a result of faulty valves
which may become less efficient and leaky due
to trauma or age. Higher pressure in the deep
veins than the superficial veins causes blood to leak
from the deep veins via the perforators into the
superficial venous system, giving rise to varicose
veins. The engorged superficial veins are now at
risk of ulceration caused by trauma. A study by
Banjo (1987) suggested that an increased number
of perforator valves may account for a lower inci-
dence of venous ulceration in a Nigerian population
compared to Europeans, although the lower inci-
dence of venous disease could be attributed to more
resilient skin, a high-fibre diet and more exercise.

Oedema

As the blood vessels stretch, the walls become more
permeable leading to leakage of fluid into the inter-

stitial spaces, and this raises the external pressure
that is exerted onto the vessel walls, exacerbating
the problem of venous hypertension.

Increased pelvic congestion

Obesity, pregnancy and the presence of pelvic
obstructive tumours can reduce the physical flow
of venous blood as it enters the pelvic area from the
upper legs, leading to pooling of blood and oedema
formation in the legs. Lane et al. (2009) found that
obesity was linked with popliteal vein compression
syndrome (PVCS) leading to venous disease symp-
toms. Obesity as a risk factor for venous disease
was also cited by Rabe et al. (2004) and is a growing
problem worldwide.

Muscle wasting

The calf muscle is instrumental in assisting the
action of the venous system in blood flow within
the lower leg, confirmed in a study by Padberg et al.
(2004) who demonstrated that exercise increases
blood flow through the veins by stimulating the
calf pump as seen in figure 10.2.

Immobility

Lack of movement is undoubtedly a contributory
factor in the formation in oedema in the lower limb
as demonstrated in gravitational oedema or ‘arm-
chair legs’ commonly seen in patients who sit with
their legs dependent for long periods of time (Green
and Mason, 2006). As the weight of the oedematous
limb inhibits movement, oedema increases giving
rise to the oedema–immobility–oedema cycle (Mul-
doon, 2011) as seen in Figure 10.3. This depicts the
vicious cycle of prolonged oedema leading to lack
of immobility which in turn encourages oedema
formation by the action of gravity.

Exercise and movement have another role in acti-
vating the thoracic/respiratory pump which helps
to stimulate blood and lymph flow (Mortimer and
Levick, 2004; Abadi et al., 2007). Compression that
is insufficient to reverse venous hypertension and
improve blood flow will have a similar effect in pro-
longing or encouraging peripheral oedema, which
in turn will affect the flow of blood from the foot.
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Figure 10.3 Oedema–immobility–oedema cycle. Vicious
cycle of prolonged oedema leads to lack of immobility which
in turn encourages oedema formation by the action of gravity.
Original diagram (author’s own) published in Journal of Com-
munity Nursing (Muldoon, 2011).

Arterial ulceration

Arterial ulcers occur when vessel narrowing
restricts the flow of arterial blood from the heart
to the lower limb. Narrowing can be caused by
atherosclerosis, making the vessels less elastic and
able to respond to the pumping action of the heart.
Resulting ischaemia is most evident in the most dis-
tal parts of the limb, and if perfusion is not regained,
tissue loss will occur. As arterial blood flow is
compromised, it is imperative that this flow is not
further restricted by compression therapy. Patients
with suspected arterial disease should always be
referred to the vascular team for diagnosis and
treatment.

Mixed venous arterial ulcers

Venous and arterial disease often coexist making
treatment decisions about compression therapy dif-
ficult. It is common for clinicians to under com-
press a limb with ‘reduced compression’ in order
to avoid applying compression where an arterial
component may be suspected. This may leave the
venous system without the compression necessary
to reduce venous hypertension. Where possible,
patients should be referred to the specialist vascular
practitioners who have the ability and experience
to safely manage them with compression (Mosti,
2012; Neil and Turnbull, 2012).

Rarer leg ulcer aetiologies

Congenital causes of ulceration such as sickle cell
disease and thalassaemia may be race-related. A
common cause of leg ulcers in tropical Africa, the
Caribbean, the Middle East and the Indian subcon-
tinent is sickle cell disease, a genetic haemolytic
disorder resulting in painful joint movement (Sickle
Cell Society, 2008). Classically, sickle cell ulcers are
circular, with raised, punched-out margins and may
be deep (Trent et al., 2004). These ulcers are very
painful and referral to a pain specialist is often nec-
essary. The risk of infection is high, they are often
associated with cellulitis, and recurrence is com-
mon. It is important to identify sickle cell disease so
that the patient’s management can be overseen by
a specialist haematology department.

Conservative treatment consists of systemic med-
ication prescribed by haematologists and blood
transfusions. If the ulcer heals, the blood transfu-
sions or exchange transfusions should be slowly
withdrawn over a 3–6-month period. If there is
no healing in 6 months, transfusions should be
stopped. The ulcer should be managed with moist
wound dressings, modified compression applied
by a specialist and overnight high leg elevation
which can drastically improve healing rates (Mof-
fatt, 2008). Patients with non-healing wounds may
be referred to a plastic or a vascular surgeon for
skin grafting although recurrence is high (Trent and
Kisner, 2004).

Tropical ulcers

Tropical ulcers are widely prevalent in developing
countries and are not confined to tropical regions.
They present as deep, painful lesions usually on the
lower legs of unknown aetiology leading to misdi-
agnosis in most cases. They have a clearly defined
edge and are often sloughy and surrounded by
hyperpigmentation which can last many months.
Consideration of where the sufferer lives or a travel
history is the main source for diagnosis (MacDon-
ald, 2003). The aetiology of tropical ulcers is uncer-
tain. Infection is most likely to be the main cause
which explains why well-nourished and well-shod
travellers to tropical and remote regions may suc-
cumb to ulceration which is difficult to heal. The
exact cause is thought to be a combined infec-
tion by Fusobacterium ulcerans (anaerobic bacterium)
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plus other bacteria which may be present in stag-
nant water. They enter the skin via minor trau-
matic wounds and are thought to release toxins that
cause a necrotic reaction in dermal tissue leading
to ulceration. Inaccessibility to effective treatments,
good nutrition and education may have a role
in exacerbating this condition. Treatment should
involve moist wound healing and antibiotic ther-
apy adjusted after the causative organism has been
identified.

Psychological impact

Complications such as pain associated with cel-
lulitis, and ‘stretched’ skin coupled with embar-
rassment and inconvenience can lead to isolation
and feelings of helplessness (Green, 2008). Non-
healing of open chronic leg ulceration can also
cause sufferers to feel depressed (Williams et al.,
2004). Brown (2005) and Charles (2010) in sepa-
rate studies explored the concept of the so-called
social ulcer which refers to the assumption that
some health professionals have that patients pro-
long their ulcers as a means of maintaining social
contact and support. They found no evidence to
support this assumption as the majority of leg
ulcer sufferers encountered were fiercely indepen-
dent and were desperate to heal their ulcers. Many
patients are described as non-concordant as bulky
bandages are not always well tolerated.

The pain from leg ulcers can be intermittent (and
may be linked to dressing change or bandage appli-
cation) or persistent and usually gets worse as the
day progresses (Nemeth et al., 2004). Pain may be
worse at night, which can cause problems sleep-
ing. Pain also restricts mobility which in turn can
lead to social isolation, depression and feelings of
hopelessness and affects adherence with treatment
(Persoon et al., 2004) (see Chapter 5).

Principles of managing leg ulcers

The general principles of managing leg ulceration
are as follows:

(1) Identify likely causation of leg ulcer by obtain-
ing a thorough history and examination.

(2) Perform a bilateral lower-leg assessment of all
patients with leg ulcers to determine extent of
arterial disease.

(3) Develop an individual management plan that
takes into account the degree of arterial and
venous involvement.

(4) Establish the cause and extent of oedema which
will influence subsequent management.

(5) Optimise local wound conditions, debride-
ment, infection control, moisture balance. Con-
sider adjunctive therapies if ulcer is not healing
at the expected rate.

(6) Manage patient’s pain and optimise mobility.
(7) Provide ongoing education to improve adher-

ence to treatment and minimise ulcer recur-
rence.

(8) Frequently reassess vascular status to monitor
for any changes.

The general principles of leg ulcer management
need to be adapted to effectively manage patients
with different types of ulcers. The specific principles
of managing venous, mixed and arterial ulceration
are summarised in Table 10.1.

Leg ulceration: assessment considerations

Accurate diagnosis is essential to decide on safe
and effective treatment of leg ulcers, and should
include specific wound, skin, vascular, oedema,
pain and mobility assessment. All patients present-
ing with leg ulceration should have calculations of
ankle brachial pressure index (ABPI) and Doppler
sounds assessed during initial examination. In
some countries, this may be a nurse-led procedure
and may be performed in a primary care setting
such as a community clinic or within the patient’s
own home.

Regular reassessment of vascular status should
occur every 3 months to monitor treatment effi-
cacy (Royal College of Nursing [RCN], 2006; Reg-
istered Nurses’ Association of Ontario [RNAO],
2008; Scottish Intercollegiate Guidelines Network
[SIGN], 2010). It is important to note that vascular
assessment, in particular the simple measurement
of ankle brachial pressure (ABP), should not be used
in isolation without a detailed patient assessment
when selecting treatment, as false positives may be
obtained in certain diseases such as diabetes mel-
litus, atherosclerotic disease, rheumatoid arthritis
and systemic vasculitis due to calcification of the
blood vessels.
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Table 10.1 Specific principles of managing venous, mixed and arterial ulceration

Venous leg ulcer Mixed leg ulcer Arterial leg ulcer

Assessment Identify cause of chronic venous
insufficiency and implement
appropriate medical
management

Identify vascular component and
underlying pathology to
determine if safe to compress
limbs as some arterial disease is
present

Identify vascular component and
underlying pathology and
implement appropriate medical
management

Compression Management of co-existing
oedema with compression
therapy and leg elevation is
essential; compression therapy
should be applied to control
venous oedema; the level and
type of compression will vary
according to patient tolerance

Determine if venous or arterial
disease is dominant and extent of
ischaemia as this determines if
compression is indicated; apply
modified compression to treat
venous component if ABI >0.6;
compression should only be
prescribed and monitored by
specialists

Do not apply high-compression
bandaging if arterial disease is
present (ABI <0.9); requires no
compression or very low levels of
compression depending on
disease severity; compression
should only be prescribed and
monitored by specialists

Surgical
intervention

Consider surgical management if
superficial vein disease present

Refer for revascularization if ABI
<0.6, and refer urgently if ABI
<0.5

Education Educate patient to understand
need for lifelong compression
hosiery; reinforce message
frequently

Educate patient to be extra
vigilant about deterioration of
arterial component, e.g.
worsening pain

Educate patient to avoid further
tissue damage, e.g. tight socks,
badly fitting shoes

Mobility Optimise patient mobility and
exercise to improve venous
return

Optimise patient mobility and
exercise to improve venous
return within limitations of
ischaemic pain

Optimise patient mobility and
exercise within limitations of
ischaemic pain

Practice point

Sufficient time of at least 1 hour should be allocated to
obtain a detailed history and examination of a patient
with a leg ulcer presenting for the first time. The patient
should be examined in a well lit room and be able to lie
down in a supine position with legs extended if possible.

When taking a history of a patient presenting with
leg ulceration the following specific areas should be
discussed:

� familial history of venous disease;
� familial history of cardiac/arterial disease;
� past history of DVT;
� past history of trauma to the leg including iatro-

genic causes from bandages or hosiery;
� immobility including occupational hazards, e.g.

prolonged standing/sitting;
� lifestyle factors, e.g. obesity, smoking, drug

injection;
� infection;

� malignancy;
� congenital abnormalities of the venous, arterial

or lymphatic system including the presence of
oedema.

Skin assessment

Both legs should be examined for signs of venous
and/or arterial disease which may be identified
during a thorough assessment of the skin. Over
time, venous hypertension causes a variety of skin
changes which if treated early may prevent the pro-
gression to open ulceration. It is important to under-
stand what these skin changes are and what they
look like and to use the relevant terms to describe
them so that documentation is precise and appro-
priate treatment instigated.

Ankle flare refers to small purplish thread veins
in the ankle region indicating early signs of venous
insufficiency but this does not necessarily lead
to skin breakdown and ulceration. As venous
return diminishes and veins become congested
and more permeable, red blood cells leak into the
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Figure 10.4 Venous leg ulcer: lipodermatosclerosis. Photo
courtesy of Madeleine Flanagan.

surrounding tissue resulting in hyperpigmentation
(brown staining on the skin) which is called lipo-
dermatosclerosis (LDS) (Figure 10.4).

The gradual build up of haemosiderin deposits
in the subcutaneous tissue makes them feel hard
and ‘woody’, described as induration which is only
detected by palpation. LDS is a condition that
affects the skin around the ankles and lower limbs
of individuals with long-standing venous disease
and is a gradual process in which the skin becomes
brown, smooth, tight and painful. LDS is caused by
abnormally high venous pressure in the subcuta-
neous veins in the lower leg. LDS is indicative of
venous disease and is an important warning sign
but once established causes permanent and irre-
versible damage so early identification is important
to help prevent progression to a painful, chronic, leg
ulcer.

Atrophie blanche is another painful cutaneous
symptom of venous disease and is characterised
by the absence of pigmentation in the skin. It is
often found in the same areas as hyperpigmentation
resulting in irregular patches of dark and light skin
as seen in Figure 10.5.

Chronic wound fluid left in contact with the skin
may result in waterlogged tissue that is prone to
infection and easily damaged. Protein-rich exudate
particularly associated with venous leg ulcers is a
painful irritant that causes maceration and excoria-
tion and breakdown of skin integrity. Skin damage
arising from wound exudate can be differentiated
from other types of damage as it will always be
found distal to the wound and may be worse if
retained for longer periods underneath compres-
sion bandages.

Figure 10.5 Venous leg ulceration: atrophe blanche (white
areas) on black skin. Photo courtesy of Madeleine Flanagan.

Varicose eczema causes pruritis which can be
very uncomfortable, and leads to scratching and
further skin damage. Varicose eczema may be mis-
diagnosed as cellulitis leading to inappropriate pre-
scription of antibiotics. In venous disease, layers
of loose, dry, scaly skin develop and become hard-
ened to form hyperkeratosis which, if left in situ can
delay healing. Contact dermatitis caused by preser-
vatives, adhesives or allergens are common in leg
ulcer patients who may develop sensitivities to top-
ical preparations (see Chapter 13).

Cellulitis is an acute episode of infection affect-
ing large areas of the skin and subcutaneous tissues,
and is potentially life-threatening if left untreated
(Wingfield, 2009). Cellulitis may recur leading to
systemic infection with fever requiring antibiotic
treatment, pain management, bed rest and close
monitoring (see Chapter 11). The Lymphoedema
Framework (2006) recommends that compression
should not be discontinued for long periods of
time as worsening oedema increases the risk of
cellulitis.

Tissue grading

Tissue grading is used by lymphoedema practition-
ers to assess the extent of oedema before swelling
becomes apparent by limb circumference increase.
The International Society for Lymphology Staging
System (ISL, 2003) can be found in Box 11.1.

Changes in tissue density are also a good indi-
cation of successful treatment with compression
and massage. These indicators are now being used
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more widely by non-lymphoedema practitioners
who may be responsible for treating patients with
lymphovenous oedema in the community (see
Chapter 11).

Vascular assessment for arterial disease

The most basic form of vascular assessment is pal-
pation of pulses in the foot. The peroneal pulse is
located on the inner (anterior) aspect of the foot, the
post-tibial pulse behind the malleolus and the most
easily palpated is the dorsal pulse on the top aspect
of the foot. It is now widely accepted that pedal
pulses alone are insufficient to make an accurate
clinical assessment of arterial blood flow to deter-
mine if compression therapy can be safely used
(Moffatt et al., 2004; SIGN, 2010).

Arterial blood flow should be routinely assessed
using a Doppler ultrasound by obtaining an ABPI
in both legs at the initial visit. This is the ratio of the
ankle to brachial systolic pressure and can be mea-
sured using a sphygmomanometer and hand-held
Doppler device. More detailed information about
how to carry out this procedure can be found in the
Useful Resources section at the end of this chap-

ter. The use of a hand-held Doppler to determine
ABPI requires appropriate skills training due to the
complexity of interpretation and reproducibility of
results (Vowden, 2012).

Although the ABPI test result is described as an
index, the calculation is recorded as a ratio which is
usually 1.0 if there is no evidence of arterial insuf-
ficiency. A resting ABPI cut-point of 0.9 has been
shown in several clinical studies to be highly sensi-
tive and specific for peripheral arterial disease (pos-
itive predictive value of 95% and negative predic-
tive value of 99%), and, in practice, an ABPI of <0.9
is considered to be abnormal (SIGN, 2010). There is
a general agreement that compression therapy may
be safely applied in patients with an ABPI greater
than 0.8 in conjunction with a detailed patient his-
tory. At an ABPI of 0.6–0.8, compression should
only be applied by a specialist practitioner follow-
ing a more thorough vascular assessment. An ABPI
of below 0.6 indicates that compression is con-
traindicated (RNAO, 2008; WUWHS, 2008; SIGN,
2010). The clinical implications of ABPI results are
summarised in Table 10.2.

Care must be taken while interpreting ABPI
results in isolation as patients with heavily calcified
vessels, such as some patients with diabetes and

Table 10.2 Clinical implications of ABPI results

>1.3 1.0–1.3 0.8–1.0 0.5–0.8 <0.5

Possible false high
reading due to
calcification arteries

Normal range – no
arterial disease

At risk of arterial
disease but still with
normal range

Mixed aetiology
some venous and
arterial component
(predominantly
venous)

Arterial component is
predominant

Refer to specialist
for further tests

Patient may be managed
by non-specialists

Patient may be
managed by
non-specialists

Refer to specialist Urgent referral

Do not apply
compression

Compression bandages
may be applied

Compression applied
only under specialist
supervision

Compression only
applied by specialists;
Inelastic or IPC
advised with caution

No compression;
symptom control

Repeat ABPI Reassess ABPI every 6 mo
depending on risk of
PVD, e.g. increased age
smoking, diabetes, etc.

Reassess ABPI every
3 mo depending on
risk of PVD

Reassess ABPI every
3 mo depending on
risk of PVD

May need to reassess
ABPI more frequently

Do not apply until
vascular status
determined

Any compression is safe if
the patient history
indicates safety to
compress

ABPI >0.8 Class 2
(European) hosiery

Consider Class 1
(European), if patient
can tolerate

Avoid compression,
manage symptoms

Source: Adapted from WUWHS (2008).
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advanced chronic renal failure, may have mislead-
ingly high results. Similarly, normal values have
been found to be misleading as well where history-
taking led to further investigations (Mosti, 2012).
For values above 1.5, the vessels are likely to be
incompressible, and the ABPI result cannot be relied
on to guide clinical decisions.

Patients with an ABPI of below 0.7 or above
1.3 should be referred for more specialist vascular
assessment, e.g. colour duplex scanning which can
be used to accurately identify vessel obstruction.

Practice point

How can I effectively assess distal limb perfusion in
a patient with incompressible blood vessels such as
patients with diabetes or renal failure?

In this situation, systemic pressure is no longer a good pre-
dictor of leg ulcer healing as calcified blood vessels give
a false high reading as the sphygmomanometer cuff will
fail to compress the artery. Very dense or hyperkeratotic
tissue may also be difficult to penetrate with a normal
probe, so specialist Doppler probes of 4 MHz may be
more reliable.

Simpler, alternative methods of assessment such as
pulse oximetry are now being used more commonly to
assess patient’s suitability for compression therapy. Pulse
oximetry measures pulsatile flow and oxygen saturation
in the tissues, and can be performed whilst bandages and
hosiery are in place. Sensors are placed on the toes and
fingers to measure the toe finger oxygen index (TOFI)
when the blood pressure cuff is inflated and released on
the limb.

Where these methods are not available, pedal pulses
and good history-taking, accompanied by close moni-
toring of the patient whilst compression is being worn,
is essential, and the patient should always be referred
to a specialist if there is any doubt about the arterial
status.

Limb circumference measurement

Limb circumference measurements have a dual
function in assessing oedema and for the selec-
tion of the appropriate compression bandaging and
hosiery. Most generalist practitioners take measure-
ments at the ankle, mid-calf and just below the knee
but these measurements subject to error if measure-
ments are taken under tension or at different points
at each assessment. This may be overcome by the

use of a spring-loaded tape measure and by mark-
ing measurement points along the limb.

Pain assessment

Pain in leg ulcer patients may be caused by many
interrelated factors and may be due to inflamma-
tory processes related to the skin or wound such
as eczema, maceration, infection or oedema or
as a consequence of treatment, e.g. compression
therapy.

In addition, comorbidities may contribute to
increased pain, particularly in the elderly and
can cause confounding variables during assess-
ment. Leg ulcer pain may be exacerbated by a
diverse range of coexistent diseases including dia-
betic neuropathy, osteoarthritis, rheumatoid dis-
ease, pyoderma gangrenosum, leprosy, depression
and anxiety. Pain assessment is a critical part of
leg ulcer management and can help indicate causa-
tion (McMullen, 2004). Heavy, aching pain is asso-
ciated with increased venous flow when the lower
leg becomes swollen, whilst sudden, gripping pain
on exercise may indicate intermittent claudication
due to reduced arterial perfusion. Neuropathic pain
is characteristically described as burning, tingling,
or stabbing or shooting pains. The persistent pain
frequently experienced by people with venous leg
ulcers is frequently described as feeling ‘red raw,
burning and like having acid thrown onto the skin’
(Nemeth et al., 2004).

Mobility assessment

Restricted ankle mobility caused by pain, arthritis
or ulceration may affect the ability to exercise which
is essential for lymph flow and venous return,
whilst unresolved oedema or bulky bandages are
contributory factors that are often overlooked as a
cause of restricted joint movement. Patient mobil-
ity in the form of movement and exercise is there-
fore important in the management of venous and
lymphovenous disease. Assessing patient mobil-
ity can be subjective and the Leg Clubs R© in the
United Kingdom which provide community-based
treatment, health promotion and ongoing care for
people with leg ulcers are finding the use of a
more objective patient mobility assessment tool
very helpful. Box 10.1 shows an example of an
ambulatory assessment chart.
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Box 10.1 Ambulatory assessment chart

Ambulatory assessment chart Circle number

� Immobile: unable to move unaided either in bed or chair; cannot take own weight, even with
assistance

� Assisted mobility: needing physical assistance from another person/s to walk or move; can transfer
with assistance

� Restricted/limited mobility: able to transfer with assistance; can walk a few steps but limited by
physical or psychological problems, e.g. shortness of breath, pain, failing sight, fear of falling,
agoraphobia

� Poor mobility: poor walking pattern, shuffling gait, decreased stride-length, poor posture, muscle
weakness or deformity

� Independent with equipment: able with specific (daily living) equipment to achieve independence
� Independent with supervision: physically able to take own weight but needs supervision and/or

prompting to ensure correct use of equipment, walking pattern or orientation
� Independent mobility: able to walk, transfer, lie down/get up, ability to exercise within their

limitations

7

6

5

4

3
2

1

Source: Lindsay et al. (2003).

Management of chronic oedema in
leg ulcers

Persistent chronic oedema and venous ulceration
can present problems such as poor healing and
increased immobility which in turn lead to the
risk of gravitational oedema perpetuation and non-
healing. Sedentary lifestyle and dietary habits are
contributory factors not just in weight gain but also
in the ability to exercise. Similarly, oedema forma-
tion is affected by gravity in less mobile people, giv-
ing rise to dependency oedema in the chair-bound
patient.

Compression therapy

High compression remains the cornerstone for
reducing venous hypertension by exerting pressure
higher than the pressure in the veins (Partsch, 2006
and is most commonly available as compression
bandages (inelastic and elastic, single- and multi-
layer), compression hosiery and intermittent pneu-
matic compression (WUWHS, 2008).

In countries with remote areas that are not eas-
ily accessible, compression garments that may be
applied with little training by patients or their
relatives may be preferable to bandages. Simi-

larly, financial constraints in poorer countries may
necessitate the use of reusable, locally produced
bandages (Ryan, 2007). However, there are still
many countries where the majority of patients with
venous leg ulcers are still not diagnosed and com-
pression therapy is not widely available (MacDon-
ald and Geyer, 2010). In these countries, evidence is
emerging to demonstrate that the use of any type
of compression is better than no compression and
improves ulcer healing rates.

New therapies, such as low-dose ultrasound, are
being investigated to manage the hard-to-heal ulcer.

The aims of compression therapy are therefore to:

� reverse venous hypertension;
� reduce and control oedema;
� control excessive exudate and odour;
� prevent recurrence of infection;
� promote wound healing;
� reduce pain and improve patient comfort;
� improve skin condition.

Effective compression is identified by an
improvement in oedema and exudate production
from the ulcer which may happen quickly. Clini-
cal guidelines recommend that reassessment within
12 weeks is essential to monitor treatment efficacy
and that if no improvement is seen then the patient
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Clinical factors Patient factors Organisational factors 
• Comorbidities, e.g. renal 

status, cardiac overload 

• Arterial status 

• Exudate level 

• Infection, e.g. cellulitis 

• Skin fragility 

• Amount of oedema 

• Shape of leg 

• Pain

• Mobility 

• Health beliefs 

• Patient preference 

• Education and support 

• Motivation, adherence 

with treatment 

• Lifestyle choices, e.g. 

frequent travel, 

swimming 

• Availability of 

multidisciplinary team 

• Resource availability 

• Access to specialist 

services and training 

• Experience, knowledge, 

skills and attitude of 

individual clinicians 

Figure 10.6 Factors influencing choice of compression therapy.

is referred to an appropriate specialist (RCN, 2006;
RNAO, 2008; SIGN, 2010).

The factors influencing choice of compression
therapy are shown in Figure 10.6.

Compression bandaging

There is a strong body of evidence to support
the use of high compression versus low compres-
sion but there is less evidence of effect comparing
multi and single component bandage systems (Brol-
mann et al., 20012). Although many bandage sys-
tems are based on pressures of 40 mmHg which
was originally suggested by Stemmer in 1969 to
be the optimal pressure required for effective grad-
uated compression, this has not been empirically
proven. Indeed a study by Partsch (2006) found that
intermittent pressures of >50 mmHg were required
to improve severe venous incompetence. He does
state however, that lower levels of compression at
40 mmHg as achieved with elastic stockings may be
suitable for preventing or reducing mild oedema.
The International Compression Club (ICC) recom-
mends that bandage manufacturers should state the
pressures achieved with and the mode of action of
their bandage systems as compression should be
considered as a treatment requiring accurate dosage
as advised by Mosti (2012). Long-stretch elastic ban-
dages deliver sustained compression over a 24-
hour period whereas short-stretch inelastic ban-
dages have alternating high therapeutic working
and lower tolerable resting pressures.

Partsch (2006) demonstrated the importance of
these alternating pressures in stimulating venous

return by mimicking the contractile action of the
veins when they are squeezed by the muscle
pumps which is called the stiffness index. The lym-
phatic vessels also respond to variations in pres-
sure which cause a massaging effect on the lym-
phatics by creating pressure peaks (Mortimer and
Levick, 2004; Partsch, 2007). This explains why ban-
dage systems that produce a high stiffness index
are recommended for the reduction of oedema
(European Wound Management Association, 2005;
Lymphoedema Framework, 2006). This recommen-
dation is supported by a 90-subject randomised
controlled trial (Badger et al., 2000) that demon-
strated that compression bandaging with inelas-
tic bandages following maintenance with compres-
sion hosiery was twice as effective as compression
hosiery alone. Similarly, Mosti et al. (2008) dis-
cussed the effectiveness of high working pressures
coupled with the tolerability of the lower resting
pressures in a study comparing elastic and inelas-
tic compression in clinical practice, and concluded
that a lower resting pressure with an inelastic sys-
tem was more comfortable for patients, particu-
larly at night. The differences between different
types of compression therapy are summarised in
Table 10.3.

Compression hosiery

Compression bandaging may not always be suit-
able due to unavailability of trained people to
apply them. They may not always be preferred
by patients, and layered hosiery kits provide an
ideal solution and effective treatment where the
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Table 10.3 Differences between different types of compression therapy

Compression hosiery Elastic bandages Inelastic bandages Multilayered bandages

Two-layer hosiery kits Single layers or multilayered
applied over padding

Short-stretch bandages
applied over padding

Bandage kits such as the
four-layer bandage system,
padding layer, crepe, two
compression layers

Cumulative pressure of
±40 mmHg

Constant 40 mmHg pressure
over 24 h

Intermittent high working,
lower resting pressures

Cumulative pressure of
40 mmHg

May be self or carer
applied

Applied at mid stretch with
50% overlap by trained person

Applied at full stretch with
50% overlap by trained person

Both compression layers
applied at mid stretch, first
compression in a figure of
8, second layer in a spiral
with 50% overlap by
trained person

Washable and reusable
non-cohesive

Non-cohesive are washable:
cohesive bandages are not
washable and reusable

May be cohesive or
non-cohesive: cohesive
bandages are not washable
and reusable

Single use: cohesive
bandages are not washable
or reusable

Not suitable for large
or heavily exuding
ulcers or where
shaping is required
with significant
oedema

Not recommended for
significant oedemaa or
patients with suspected
mild-to-moderate arterial
disease

Recommended for significant
oedemaa and for patients with
mild-to-moderate arterial
disease

Not recommended for
significant oedemaa

May also be used with zinc
paste bandages

May also be used with zinc
paste bandages to form Unna
Boot

aSignificant oedema is indicated where there are skin folds, grossly misshapen limbs or fibrotic skin changes.

leg ulcer is small with minimal exudate and the
limb is not grossly swollen or misshapen as seen in
Figure 10.7.

Compression hosiery kits and compression stock-
ings may be more suitable for able patients with

Class 1
Patterned Unisex 

Sock

40mmHg
Leg Ulcer 
Hosiery Kit

ActiLymph
European 

Class Hosiery

Figure 10.7 Compression hosiery. With kind permission from
Activa Healthcare.

small, uncomplicated ulcer who wish to take
control of their own care, care by less skilled staff
or where compression bandaging may not be toler-
ated.

Wound dressings: special considerations

Wound dressings are usually unable to control the
volume and flow of chronic wound fluid produced
by leg ulcers and are therefore considered less
important in their overall management. Compres-
sion therapy is currently the most effective method
of controlling oedema and fluid formation associ-
ated with venous leg ulcers and is the mainstay
of treatment (WUWHS, 2008; O’Meara et al., 2009).
Table 10.4 describes factors influencing the produc-
tion of exudate in leg ulcers.

However, the occlusion created by compression
therapy may affect the fluid-handling properties
of absorbent dressings by altering the moisture
vapour transmission rate (MVTR).
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Table 10.4 Factors influencing the production of exudate in
leg ulcers

Patient factors Treatment factors

Position of the limb Type of wound dressing

Skin/wound infection Absorbency occlusion

Degree of chronicity Frequency of dressing
change

Vascularity Compression

Underlying conditions, e.g.
oedema

Debridement

Wound management for leg ulcers therefore
requires a different approach to other chronic
wounds due to adjunct compression therapy, peri-
wound complications and increased risk of contact
dermatitis:

� Dressings that rely on absorption and mois-
ture vapour transmission to manage exudate
may not be effective due to reduced evapo-
ration caused by occlusion and the effects of
localised pressure as a result of compression
therapy.

� Hyperkeratosis associated with leg ulceration
reduces the efficacy of topical pain-relieving
dressings, steroids or antimicrobial agents by
creating an impenetrable barrier on the surface
of the skin and should be removed.

� Some local wound treatments, e.g. larvae do not
survive well under the pressure of compression
bandaging and may necessitate a ‘compression
holiday’ that may delay healing.

� Application of topical agents is not always pos-
sible and monitoring the progress of healing is
challenging when the treatment regime requires
the limb to be bandaged for 5–7 days.

� Adhesive dressings should be used with cau-
tion under compression therapy as they may
cause skin stripping due to increased adherence
caused by the effects of localised pressure and
increased temperature.

� Patients with chronic leg ulcers are suscep-
tible to sensitivities to preservatives found
in topical preparations. A thinner epidermis
and increased vascular permeability caused by
oedema exacerbates the risk of tissue trauma
and may cause further skin irritation.

Prevention of ulcer recurrence

Once the ulcer has healed, compression hosiery
plays a key part in the prevention of recurrence.
Vandongen and Stacey (2000) reported that recur-
rence rates at 6 months could be reduced from
46% to 21% by wearing Class 3 compression stock-
ings compared with not wearing stockings. Bent-
ley (2001) advises that lower compression garments
may be prescribed to achieve concordance which
could also be encouraged by patient education and
a clinic environment.

Factors to consider when selecting compression
hosiery are as follows:

� presence and level of oedema which determines
the stiffness of the garment;

� severity of venous disease which indicates the
class of compression;

� presence of cardiac oedema/significant arterial
disease which would present a risk factor con-
traindicating the use of high compression;

� varicosities or swelling extending into the
thigh when full-length garments should be pre-
scribed;

� compression hosiery is not suitable for
large, exuding wounds, although a leg ulcer
hosiery kit could be used for some open
wounds;

� patient or carer’s ability to apply and remove
the garment; below-knee garments are easier to
apply and aids are available to assist applica-
tion;

� limb circumference and size of foot: larger feet
benefit from open-toed garments which pro-
vide the right level of compression at the ankle
without causing discomfort, e.g. crowding toes;
open-toed styles are usually selected where
infection might be suspected to facilitate obser-
vation of the feet;

� if the patient is unable to remove hosiery at
night, open-toed stockings are safer and more
hygienic;

� patient preference should be considered as gar-
ments are worn for life and concordance is
essential.

Classification of compression hosiery varies in
different countries. Please refer to local guidelines
for further information as this is beyond the scope
of this chapter.
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Practice point

Tips to ensure concordance with compression hosiery are
as follows:

� Involve the patient as much as possible by offering a
choice of styles.

� Explain why compression is important and explain how
it should feel.

� Ensure the correct size by accurate measuring and fit-
ting.

� Using rubber gloves might afford better grip when
applying the stockings.

� Remove hosiery at bedtime and apply first thing in the
morning when oedema is minimal.

Higher levels of compression do not necessarily
indicate a stiffer garment. British Standard hosiery
is more elastic, better suited to legs with no oedema
and in some cases may be easier to apply. Euro-
pean Standard garments are stiffer and may be cir-
cular knit or flat knit, making them more suitable
for limbs which are oedematous or prone to oedema
in order to contain the swelling.

Education and support

As compression hosiery is worn for life to pre-
vent recurrence, aesthetics and patient preference
should be considered to encourage concordance.
Reminders of previous ulceration may be enough
to convince reluctant patients to wear their com-
pression garments.

Advice should be given about skin care, pre-
vention of trauma, monitoring of oedema and
care of the compression garments. Patients should
be shown examples of compression hosiery and
encouraged to take an active role in hosiery selec-
tion. Some clinics delegate this task to older health-
care assistants who may better relate to elderly
patients.

Practice point

There are several simple but effective measures that
patients can be encouraged to do to improve venous
return which are as follows:

� Try to walk as much as possible and do so without
shuffling.

� Avoid prolonged sitting or standing in one position.
� If mobility is restricted encourage patients to stand up

and transfer their weight from chair to bed (this move-
ment stimulates venous return).

� Elevate legs above the heart if sitting or lying down
whenever possible.

� Regularly do ankle rotation exercises throughout the
day.

Provision of specialist services

Models of service delivery and provision of care for
leg ulcer patients vary from country to country but
it is well recognised that effective management of
people with leg ulcers requires an integrated, mul-
tidisciplinary team approach (RCN, 2006; RNAO,
2008; SIGN, 2010). In the United Kingdom and Aus-
tralia the introduction of Leg Clubs R© which are
based on the concept of a club atmosphere rather
than a clinic has shown that this environment is
conducive to concordance and healing. Audit data
over a 6-year period demonstrated a 16% transfer of
care from active treatment to a well leg programme
(Clark, 2010).

In some countries, lymphoedema specialists
with a background in physiotherapy, dermatol-
ogy manual lymphatic drainage or nursing now
work closely with leg ulcer teams to provide
care for chronic oedema patients in the commu-
nity. Partnerships exist in some clinical settings
that include vascular, dermatology, physiotherapy,
nursing and podiatry clinicians combined with
engineers, research scientists and industrial part-
ners. A good example of this type of collaboration
is the ICC which incorporates these disciplines to
provide education, research and development to
advance compression therapy internationally.

Reimbursement and local policies are key influ-
encers in clinical practice with international varia-
tions in service provision. Compression in different
countries varies according to tradition, reimburse-
ment, provision of care and training, e.g. in France
only long-stretch bandages are reimbursable; in
the United Kingdom, elastic, four-layer bandages
and inelastic systems are used; clinicians in the
United States still favour Unna Boot systems; whilst
in mainland Europe, inelastic bandages or short
stretch have a long history of successful man-
agement. Local preferences and infection control
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policies may favour the use of single-use non-
washable bandage systems, whilst developing
countries may only be able to afford locally pro-
duced, washable bandages that have to be used
more than once.

The selection and application of compression
therapy is a complex skill requiring training and
regular updating to achieve and maintain compe-
tence. Generally speaking there is a significant lack
of appropriately skilled practitioners in hospital
and community settings to effectively treat peo-
ple with venous ulcers and lymphoedema which
is compounded by a lack of international compe-
tencies for leg ulcer management (Anderson, 2010).
Yet international guidelines all agree that training
and education for those involved in the care of this
patient group is crucial (RCN, 2006; RNAO, 2008;
WUWHS, 2008; SIGN, 2010).

The burden of care for leg ulcer management is
mainly in the community. In some countries like
the United Kingdom, community nursing services
(visiting people in their own homes and provi-
sion of specialist community leg ulcer clinics) are
well established and have proven to provide cost-
effective treatment (Thurlby and Griffiths, 2002).
However, in some areas there is minimal commu-
nity support for people with leg ulcers. In the future,
services for people with leg ulcers should be devel-
oped linking community nursing services to spe-
cialist dermatology, vascular and wound manage-
ment services.

Criteria for specialist referral

Clinical guidelines recommend that reassessment
of leg ulcers should be conducted at 12 weeks
to establish progress (RCN, 2006; RNAO, 2008;
SIGN, 2010). Best practice has demonstrated that
oedema reduction should be apparent after 1–2
weeks and leg ulcer healing rates of over 70% at 12
weeks are achievable (EWMA, 2005, Moffatt et al.,
2010).

Patients who have the following criteria should
be referred to the appropriate specialist at an early
stage (RCN, 2006; RNAO, 2008; SIGN, 2010):

� diagnostic uncertainty;
� atypical distribution of ulcers;
� ulcers of non-venous aetiology, e.g. diabetes,

rheumatoid arthritis/vasculitis;

� reduced ABPI (<0.8);
� increased ABPI (>0.3);
� suspicion of malignancy;
� suspected contact dermatitis;
� cellulitis;
� rapid deterioration of ulcers;
� non-healing ulcer(s) (failure to progress or heal

after 12 weeks of active treatment).

Referral criteria should be agreed locally and
information disseminated widely and made avail-
able for inclusion in local clinical guidelines.

Summary

Compression therapy is essential and the most
effective way of treating venous leg ulcers but poses
a number of challenges as it is not always available,
requires a high level of knowledge and practical
skills to apply and motivation from the patient.
Interdisciplinary collaboration has led to improved
research, sharing of expertise and comprehensive
treatment outcomes for leg ulcer patients where in
the past, treatment may have been delayed. Assess-
ment and reassessment within agreed timelines
are essential for timely management of patients
with leg ulcers to ensure that they are treated
effectively or referred appropriately to specialist
services. Availability of resources, education and
training, and patient advice are key elements in
providing care for this client group and will help
to alleviate suffering associated with chronic leg
ulceration.

Useful resources

Clinical guidelines

Scottish Intercollegiate Guidelines Network (SIGN)
(2010) Management of chronic venous leg ulcers. A
National Clinical Guideline. 120. Available at: http://
www.sign.ac.uk/pdf/sign120.pdf

Aberdeen (2009) Skills for Practice: Management of
Chronic Oedema in the Community. Wounds UK, Avail-
able at: http://www.woundsinternational.com/pdf/
content_206.pdf

Registered Nurses’ Association of Ontario (RNAO) (2008)
Nursing Best Practice Guideline. Assessment and Man-
agement of Venous Leg Ulcers. Registered Nursing
Association of Ontario, Supplement. Available

http://www.sign.ac.uk/pdf/sign120.pdf
http://www.sign.ac.uk/pdf/sign120.pdf
http://www.woundsinternational.com/pdf/content_206.pdf
http://www.woundsinternational.com/pdf/content_206.pdf
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at: http://rnao.ca/bpg/guidelines/assessment-and-
management-venous-leg-ulcers. Last accessed 18
November 2012

Health Education Fact Sheet: Taking Care of Your Legs
Registered Nurses’ Association of Ontario (RNAO).

Available at: http://rnao.ca/sites/rnao-ca/files/
Taking_Care_of_Your_Legs.pdf. Last accessed 18
November 2012.

EWMA Position Document: Understanding Compres-
sion Therapy (2003). London: MEP Ltd. Available at:
http://ewma.org

Best Practice Statement: Compression Hosiery. Available
at: www.wounds-uk.com. Last accessed 19 November
2012

Useful websites

International Compression Club. Available at: http://
www.icc-compressionclub.com/

European Venous Forum. Available at: http://www.
europeanvenousforum.org/links.htm

American Venous Forum. Available at: http://vein
forum.org/

The Lindsay Leg Club Foundation. Available at: http://
www.legclub.org/

Further reading

Technical Guide: How to Obtain the Resting ABPI in Leg Ulcer
Management. Available at: http://www.wounds-uk.
com/pdf/content_9368.pdf
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11 Lymphoedema
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Joseph’s Parkwood Hospital, London, Ontario, Canada

Overview
� Lymphoedema is more common than realised; most clinicians have little experience of this complex condition and its

associated problems which delays diagnosis and leads to inappropriate management.
� The general public have a limited knowledge and understanding of lymphoedema which leads to difficulties ensuring

concordance with treatment.
� There is an urgent need for the development of specialist lymphoedema services based on multidisciplinary team expertise

and involvement.
� There is a lack of evidence-based guidance to direct the clinical management of lymphoedema and chronic oedema.

Introduction

Lymphoedema is currently recognised globally as
an important cause of skin breakdown and because
of its association with cancer treatment, it is becom-
ing a growing concern (Sheffield et al., 2004). In
developed countries, the incidence of secondary
lymphoedema following cancer treatment has been
reported in up to 63% of women following breast
cancer surgery and up to 70% of men after prostate
cancer treatment. The International Lymphoedema
Framework Annual Report in 2008 estimated that 48%
of chronic oedema/lymphoedema in England and
Scotland was secondary to malignancy and 52%
was related to other causes.

The most common cause of secondary lym-
phoedema worldwide is lymphatic filariasis (LF)
(Sheffield et al., 2004). An estimated 1.3 billion peo-
ple around the world are at risk of LF infection, and
more than 120 million are infected. Countries where
LF is found are mostly in the tropical and subtrop-
ical regions of the world. They also are among the
world’s poorest countries, as LF is closely linked
to poor sanitation and poor housing quality. The
growing obesity epidemic has resulted in increasing
numbers of patients with secondary lymphoedema
due to morbid obesity. Lymphoedema produces
significant physical and psychological morbidity.
Increased limb size may interfere with mobility
and affect body image (Consensus Document of
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Box 11.1 Causes of secondary lymphoedema
� Tissue damage through trauma or surgery
� Malignant disease
� Chronic venous disease
� Infection – bacterial or parasitic
� Inflammatory conditions of skin or systemic inflamma-

tory conditions
� Endocrine disorders – myxoedema
� Immobility and dependency from any cause, including

conditions leading to paralysis
� Self-harm

Source: Lymphoedema Framework (2006).

the International Society of Lymphology, 2009;
Ridner, 2009), create pain and discomfort for the
patient, and increase susceptibility to acute infec-
tions such as cellulitis or erysipelas (Mayrovitz,
2009; Gethin et al., 2012). Yet, lymphoedema is
poorly recognised, undertreated and inadequately
resourced.

Lymphoedema is defined as an abnormal
swelling of a limb and/or the related quadrant of
the trunk due to the accumulation of protein-rich
fluid in the tissue spaces of the skin (Lawenda et al.,
2009). Clinically, lymphoedema may be defined as
chronic oedema lasting more than 3 months which
is minimally responsive to overnight leg elevation
or diuretics and is accompanied by skin changes
such as thickened skin, hyperkeratosis and papil-
lomatosis (Kubik and Kretz, 2006). Primary lym-
phoedema is related to congenital absence or mal-
formation of lymphatics, and may appear at birth
or later in life. Secondary lymphoedema results
from damage to lymphatics. Common causes of sec-
ondary lymphoedema are shown in Box 11.1.

Pathophysiology

The lymphatic system consists of lymph vessels,
lymph nodes, the spleen, the thymus, the tonsils
and Peyer’s patches in the gut. In addition to its role
of transporting lymph fluid, it has a major role in
the functioning of the immune system. Within the
capillary bed of the skin are lymphatic capillaries
(Figure 11.1) that connect to vertical precollectors.
These drain into a common lymphatic collector

that merges into a single lymph vessel (Kubik and
Kretz, 2006).

The lymphatic capillaries have anchoring fila-
ments, and the cells of the lymphatic capillary
wall are able to separate creating a lumen through
which fluid, protein and macromolecules can flow
into the lymphatic capillary. Smooth muscle in the
lymphangion contracts once distended, to propel
lymph forward though the valves in a peristaltic
manner. Normal lymph propulsion is aided by
adjacent arterial pulsations, muscle contractions,
body movements, respiration and skin distention
(Sheffield et al., 2004).

Lymphatic fluid (also known as lymph) primar-
ily consists of water and protein filtrate. Lymph
also contains macromolecules which do not cross
the semipermeable membrane of capillary walls
into the arteriovenous system. These may include
lipids, waste products of metabolism, matrix met-
alloproteases (MMPs), cytokines, polysaccharides
and fibronectin, which are transported by the lym-
phatic system into the venous system. Normal func-
tioning depends on a balance between the load and
transport capacity of this system. The load con-
sists of the fluid volume including lymphatic pro-
teins, cells, lipids and hyaluronan (Zuther, 2005),
whereas the transport capacity is the maximum
quantity of volume that can be functionally trans-
ported in a given period of time. The functional
reserve is the difference between transport capacity
and lymphatic load. The lymphatic system becomes
overworked when load exceeds maximum trans-
port capacity, resulting in insufficiency or failure
(Lawenda et al., 2009).

Lymphatic failure is best discussed in the con-
text of overall tissue fluid dynamics. The cells sit
within an extracellular matrix and are bathed in a
constant flow of tissue fluid which nourishes and
supports them as well as carry away waste prod-
ucts of metabolism. Approximately 20 L of fluid per
day filters out of the capillary bed into the extracel-
lular matrix. The capillary bed reabsorbs 17 L of
that fluid with the remaining 3 L being reabsorbed
and transported by the lymphatic system as seen in
Figure 11.2.

Fluid moves under the influence of the push
of hydrostatic pressure, within the capillaries and
in the extracellular compartment, and the pull of
osmotic force, where fluid moves across a semiper-
meable membrane from areas of low concentra-
tion of dissolved proteins to a region of higher
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Figure 11.1 Relationship between lymphatics and the capillary bed. Adapted from Tortora and Derrickson (2009). Reproduced
with permission from Wiley.

concentration. These are known as Starling Forces.
When filtration and reabsorption are in balance, no
excess fluid accumulates in the extracellular matrix.

There are three methods by which the lymphatic
system may fail:

(1) dynamic insufficiency (high-output insuffi-
ciency);

(2) mechanical insufficiency (low-output failure);
(3) a combination of the two.

When the lymphatic system becomes over-
whelmed, the tissue spaces become saturated with
proteinaceous fluid. This is observed clinically as
oedema. If left untreated, the presence of macro-
molecules, such as growth factors, proteases and
proinflammatory molecules, may lead to chronic
inflammation and hardening of the skin (MacLaren,
2001; Foldi, 2005; Lawenda et al., 2009). Clinically,
this may be seen as acute lipodermatosclerosis or
as stasis dermatitis. Additionally, the accumulation
of cellular debris blocks the lymphatic vessels and

impedes transportation of macrophages and lym-
phocytes. Thus, limbs affected by lymphoedema are
more prone to infection (Lawenda et al., 2009).

Examples of high-output failure when the nor-
mal transport capacity of an intact lymphatic sys-
tem is overwhelmed by excessive burden of blood
capillary filtrate include hepatic cirrhosis (ascites),
nephrotic syndrome and chronic venous insuffi-
ciency of the leg (Consensus Document of the Inter-
national Society of Lymphology, 2009). These causes
of oedema should be identified and medically man-
aged. Situations in which high-output failure is
long-standing, functional deterioration of the lym-
phatic system is inevitable, and results in a reduc-
tion of overall transport capacity and lymphatic fail-
ure. Low-output failure may relate to tissue damage
through trauma or surgery, external obstruction by
obesity or malignant tumours of the lymph vessels
or immobility and dependency of the limb. Recur-
rent infection, thermal burns and repeated allergic
reactions are known as ‘safety valve insufficiencies’
of the lymphatic system, are considered a mixed
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Figure 11.2 Filtration and reabsorption in the capillary bed. Adapted from Tortora and Derrickson (2009). Reproduced with
permission from Wiley.

form of oedema/lymphoedema and are particu-
larly difficult to treat (Consensus Document of the
International Society of Lymphology, 2009).

Risk factors

The true epidemiology of risk factors for the devel-
opment and progression of lymphoedema is at the
moment uncertain. There may be a considerable
delay between the causative event and the onset
of lymphoedema which can further complicate the
identification of risk factors.

Common risk factors may include

� surgery (interfering with or removing lymph
nodes and vessels, e.g. lymph node dissection,
breast surgery, varicose vein surgery);

� trauma in ‘at-risk’ regions, e.g. BP measure-
ment, injections;

� radiotherapy near lymph nodes, e.g. mammary
glands, pelvis;

� scar formation, e.g. fibrosis/radiodermatitis;
� recurrent soft tissue infections;
� chemotherapy;
� obesity, poor nutrition;
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� congenital predisposition;
� chronic skin disorders and inflammation;
� hypertension;
� lymphatic filariasis (living or visiting endemic

area);
� intrapelvic or intra-abdominal tumours;
� thrombophlebitis and chronic venous insuffi-

ciency;
� concurrent illnesses, e.g. phlebitis, hyperthy-

roidism, kidney or cardiac disease;
� cancer, e.g. melanoma, gynaecological cancer,

head and neck cancer; immobilisation and pro-
longed limb dependency.

Simply put, any damage to the system has per-
manent negative effects on transport capacity of the
traumatised region, therefore increasing the risk of
lymphoedema in that region.

Psychological impact

Lymphoedema, like all other chronic medical con-
ditions which may cause functional impairment,
is often associated with poor self-esteem, altered
body image, loneliness, isolation, depression and
anxiety (Gethin et al., 2012). Family, social and sex-
ual relationships are impacted. Persons living with
lymphoedema may have poor understanding of
their disease and cognitive impairment or poor cop-
ing strategies which may interfere with adherence
to care plans. Living conditions, financial status
including availability of benefits to cover aspects
of treatment, social support, employment and the
effect of the condition on employment all need to
be explored.

Psychosocial support is an integral component of
any lymphoedema treatment (International Society
of Lymphology, 2009). This support enhances con-
cordance, encourages self-management and max-
imises quality of life. Planning and implementation
of psychosocial care strategies are crucial to help
patients and their family/caretakers to have a pos-
itive impact on their lymphoedema and achieve
maximal quality of life. Some general interven-
tion strategies include the provision of informa-
tion and support, improvement of communication
between caretakers and patient, increased patient
involvement in care and encouragement of family/
caretaker involvement.

Current best practice

National Lymphoedema Frameworks have been
developed in nine countries. They are a col-
laboration of stakeholder groups including aca-
demics, health professionals, patients, and industry
and community organisations to promote research,
best practice guidelines and lymphoedema clinical
development worldwide.

Current principles of practice for lymphoedema
services as taken from the Best Practice for the Man-
agement of Lymphoedema, international consensus
document (Lymphoedema Framework, 2006) are as
follows:
Standard 1: Identification of people at risk of or
with lymphoedema
Systems to identify people at risk of or with lym-
phoedema, regardless of cause, will be imple-
mented and monitored to ensure that patients
receive high-quality education and lifelong care.

Standard 2: Empowerment of people at risk of or
with lymphoedema
Individual plans of care that foster self-
management will be developed in partnership with
patients at risk of or with lymphoedema (involv-
ing relatives and carers where appropriate), in an
agreed format and language.

Standard 3: Provision of lymphoedema services
that deliver high-quality clinical care that is sub-
ject to continuous improvement and integrates
community, hospital- and hospice-based services
All people at risk of or with lymphoedema will have
access to trained healthcare professionals, including
lymphoedema specialists, who will work to agreed
standards for comprehensive ongoing assessment,
planning, education, advice, treatment and moni-
toring. Care will be of a high standard and subject
to continuous quality improvement.

Standard 4: Provision of high-quality clinical care
for people with cellulitis/erysipelas
Agreed protocols for the rapid and effective treat-
ment of cellulitis/erysipelas, including prevention
of recurrent episodes, will be implemented and
monitored by healthcare professionals who have
completed recognised training in this subject.

Standard 5: Provision of compression garments
for people with lymphoedema
Agreed protocols for assessment of and the pro-
vision of compression garments for people with
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lymphoedema, or where warranted, those at
risk of lymphoedema, will be implemented and
monitored.

Standard 6: Provision of multiagency health and
social care
Following comprehensive assessment, any patient
at risk of or with lymphoedema who requires multi-
agency support will have access to and receive care
appropriate to their needs from health and social
services.

Prevention strategies: risk factor
management

Patients at risk should be identified and monitored
for early signs or symptoms of lymphoedema.

Patients should be advised of the following self-
care strategies:

Skin

Skin should be protected from trauma and should
be kept soft and supple (Rich, 2007). The affected
areas should be kept clean, dry and moisturised
with hypoallergenic emollients. Nails and cuticles
should be properly maintained. Additional signs of
possible infection such as rash, itching, increased
skin temperature or flu-like symptoms should be
monitored and reported (Zuther, 2005).

Lifestyle

Maintaining a healthy weight has been shown to be
helpful (Forum, National Obesity, 2004). Exercise is
recommended and should be gradually built up in
both duration and intensity (Johansson et al., 2005;
Bicego et al., 2006). Frequent rest periods should
be taken during activity to allow for limb recov-
ery as well as monitoring the affected area during
and after activity for changes in size, shape, tex-
ture, soreness and similar symptoms (Moseley et al.,
2005; Ahmed et al., 2006).

Avoid limb constriction

Patients at risk should wear loose-fitting jewellery
and clothing and avoid having blood pressure taken
on at-risk extremity.

Compression garments

If no contradictions exist, compression garments
should be worn in order to prevent accumulation
of oedema in the at-risk limb. They should be well-
fitting and supportive, and worn particularly for
strenuous activities such as weight-bearing exer-
cise and prolonged standing. Compression ban-
dages are more appropriate for patients with open
wounds (Marston and Vowden, 2003).

Avoid extremes of temperature

Extreme cold can be associated with skin chapping
and rebound swelling, leading to increased flow
of unnecessary fluid to the area. Similarly, pro-
longed exposure to heat should also be avoided,
particularly for periods greater than 15 minutes and
temperatures above 39◦C should be avoided (Rich,
2007).

Additional practices specific to lower
extremity lymphoedema

Individuals at risk for lower extremity lym-
phoedema should avoid prolonged sitting, stand-
ing or crossed legs (National Lymphedema Advi-
sory, 2011). Well-fitted footwear and compression
hosiery, if not contraindicated, should be worn, par-
ticularly for strenuous activities.

Lymphoedema: assessment considerations

All major diagnostic assessments of lymphoedema
should be performed by a healthcare professional
experienced in the management of this condition
(Table 11.1). General assessment should include a
medical assessment to screen for risk factors (and
to distinguish from other conditions), laboratory
investigations, optional specialised investigations,
limb volume assessment, skin condition, pain, psy-
chosocial issues, nutrition and mobility.

Differentiation of lymphoedema from other forms of
oedema includes examination of other systemic forms
of oedema: cardiac failure, renal failure and other
protein-losing conditions as well as local problems
such as deep vein thrombosis, chronic venous insuffi-
ciency, and cyclical oedema (Warren et al., 2007).
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Table 11.1 Investigations to determine causation of lymphoedema

General investigations
Routine blood tests Full blood count, renal function tests, liver function tests, thyroid function tests,

serum albumin, total protein, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) and fasting glucose

A filarial antigen test should also be obtained if patient has lived in or travelled to a
filariasis-prone area

Vascular assessment Ankle brachial pressure index (ABPI)

Toe brachial pressure index (TBPI) is useful when ABPI measurement is not possible
or too painful

Duplex Doppler Excludes DVT in unilateral lower limb swelling

Specialist investigations
Genetic testing Identifies specific types of primary lymphoedema originating from hereditary

syndromes

Isotope lymphography Nuclear isotopes are injected to visualise the lymphatic network to detect
abnormalities of the lymphatic system

CT/MRI scans May help to detect the typical honeycomb pattern produced by lymphoedema to
differentiate it from lipoedema; also useful if an obstructing tumour is suspected

Table 11.2 indicates how lymphoedema should
be distinguished from lipoedema which is a subcu-
taneous accumulation of fat. These differences can
be difficult to distinguish in clinical practice. Fig-
ure 11.3 shows a patient with lymphoedema and
Figure 11.4 a patient with lipoedema.

Practice point

A thorough history and examination in combination with
appropriate investigations is required to assure appro-
priate diagnosis. To diagnose primary lymphoedema,
the causes of secondary lymphoedema must first be
ruled out.

Questions focusing on the following areas are helpful
during history-taking:

� Ask about age of onset, as this helps differentiate pri-
mary from secondary lymphoedema, because early
onset is more likely to be due to an inherited condition.

� Ask patients if they have chronic venous insufficiency,
thyroid dysfunction, arthritis or hypertension, because
it is important to distinguish lymphoedema from other
forms of oedema.

� Ask about past surgery and postoperative complica-
tions to establish if surgery was for cancer and if
any lymph nodes were removed, as secondary lym-
phoedema usually results from an event such as radio-
therapy or surgery.

Table 11.2 Comparison of lymphoedema and lipoedema

Lymphoedema Lipoedema

Location May involve limbs and trunk Commonly lower limb only
Gender Both Predominantly female
Stemmer’s sign Positive Usually negative
Foot/hand involvement Yes Stops at ankle or wrist
Pain Possible Prominent feature especially to touch
Cause Disordered lymph transport Unknown; excessive subcutaneous fat deposition
Oestrogen dependency No Yes
Lymphoscintigraphy Abnormal lymphatics Normal
MRI Honeycomb pattern Fat tissue with absent oedema
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Figure 11.3 Lymphoedema. Photo courtesy of David Keast.

� Ask about any trauma to the legs, abdomen or genital
region, as scarring may have damaged the lymphatic
system.

� Ask about residence in or visits to Third World coun-
tries due to the risk of filariasis.

� Ask about speed of onset of swelling, as rapid onset
may indicate tumour infiltration or blockage of a major
lymphatic pathway.

Lymphoedema is often mistaken for acute deep
vein thrombosis, post-thrombotic syndrome, con-
gestive heart failure or chronic venous insuffi-
ciency, which delays treatment and impacts on
outcome.

Figure 11.4 Lipoedema. Photo courtesy of David Keast.

Clinically, lymphoedema is defined as chronic
oedema which:

� has been present for more than 3 months;
� is minimally responsive to leg elevation or

diuretics;
� and has the presence of one or more secondary

skin changes such as a positive Stemmer’s
sign, elephantiasis, skin folds, hyperkeratosis or
papillomatosis.

Moffatt et al. (2003)

Limb volume assessment

The extent of swelling, duration, location and
the presence or absence of lymphadenopathy
should be documented. Limb volume is used to
determine the severity of the lymphoedema and to
prescribe appropriate management and treatment
(Lymphoedema Framework, 2006). Swelling can be
either unilateral or bilateral. In unilateral swelling,
both limbs are measured and the difference in
volume between the affected and unaffected
limb is measured in millilitres or as a percentage
(Lymphoedema Framework, 2006). The gold stan-
dard for calculating limb volume is using water
displacement, also known as plethysmography,
but it is only reliable for the hands and feet. Cir-
cumferential measurements are more commonly
used, since they are a simple, easily accessible
method, and are reliable if a standard protocol is in
place (Lymphoedema Framework, 2006). The limb
is marked off in standardised 4 cm intervals and
the circumference measured. Volume is calculated
using the formula volume = circumference2/π .
Additional problems with the measurement of limb
volume occur in cases with severe thickening of
the tissues, such as hyperkeratosis or elephantiasis.
The proportion of volumetric change will be due to
multiple factors including excess fluid. In unilateral
swelling, if excess limb volume is >20%, intensive
therapy is indicated. If excess limb volume is
<20%, maintenance therapy may be considered. In
cases of lymphoedema of the neck, breast, trunk or
genitalia, digital photography is recommended as
a subjective record to monitor oedema.

Assessment of skin condition

Skin should be examined for dryness, fragility,
dark-brown pigmentation, abnormal temperature
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Figure 11.5 Stage III lymphoedema showing skin folds and
hyperkeratosis. Photo courtesy of David Keast.

and general dermatitis. Skin changes, such as
hyperkeratosis (scaling), skin folds (Figure 11.5),
lymphangiectasia (the dilation of lymph vessels
that may appear as blister-like protuberances on
the skin), lymphorrhoea (lymph leakage on the
skin surface) which predisposes patients to cel-
lulitis, papillomatosis (warty growths consisting of
dilated lymphatics and fibrous tissue) that look like
cobblestones (Figure 11.6) and lipodermatosclerosis
(thickening and hardening of the subcutaneous tis-
sues with brown discolouration of the skin) should
be carefully documented. Finally, note any wounds
on the skin which may be hidden in skin folds and
hard to detect, as this also predisposes patients to
cellulitis.

Practice point

Lymphoedema commonly affects the extremities, with
clinical signs occurring in the skin and subcutis. Limbs

Figure 11.6 Stage III lymphoedema showing papillomatosis.
Photo courtesy of David Keast.

can be easily checked for Stemmer’s sign, which is the
inability to pinch up a fold of tissue at the base of the sec-
ond digit of the hand or foot. A positive Stemmer’s sign is
indicative of the presence of lymphoedema and may be
detected before any more permanent skin changes have
occurred (Mortimer, 2000). Since the skin and subcuta-
neous tissues are affected the most by lymphoedema, reg-
ular monitoring using the Stemmer’s sign is a quick way
of evaluating treatment efficacy.

Pain assessment

Pain should be assessed at every visit. Unmanaged
pain may interfere with adherence to planned
care. There are many different causes of pain in
patients with lymphoedema, including inflamma-
tion, infection, tissue distention/distortion, nerve
entrapment or neuropathy, as well as degenerative
joint disease. Effective pain management requires
assessment of cause, nature, frequency, timing,
site, severity and impact of the pain on activities of
daily living.

Nutrition (obesity assessment)

Although the role of diet in lymphoedema is not
a critically established factor, obesity is, particu-
larly after breast cancer treatment (Lymphoedema
Framework, 2006). The frequency of coexistence of
obesity and lymphoedema indicates that it could be
a contributing factor, perhaps via the reduction of
mobility (Ryan, 2002). Guidelines recommend that
body mass index (BMI) be less than 25, and that
patients with BMI of 30 or greater should be offered
additional dietary guidance (Ryan, 2002; Forum,
National Obesity, 2004). The reduction of caloric
intake in combination with a supervised exercise
programme has been found to be particularly valu-
able in reducing limb bulk of obese patients suf-
fering from lymphoedema (International Society of
Lymphology, 2009).

Functional assessment

Observing the mobility and functionality of a
patient is crucial to developing an appropriate
plan for lymphoedema management as well as
determining the need to seek additional guidance.
Assessment of particularly challenging areas (head,
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Table 11.3 Staging of lymphoedema

ISL STAGE 0 Sub-clinical stage where swelling is not evident despite lymphatic damage

May exist for months before swelling becomes evident

No swelling visible or palpable

Skin has normal appearance

ISL STAGE I: Mild lymphoedema Early onset due to an accumulation of tissue fluid that subsides with limb
elevation

Oedema present (normally pitting) but no fibrosis

Swelling reduces overnight after bed rest

Skin has normal appearance

ISL STAGE II: Moderate lymphoedema Accumulation of protein-rich fluid and oedema

Pitting becomes progressively worse and fibrosis is present.

Elevation overnight in bed rarely reduces swelling

Early skin changes

ISL LATE STAGE II: Moderate to severe
lymphoedema

Pitting oedema may be present but tissue fibrosis more pronounced and
limb/affected body part becomes misshapen/skin folds may develop and are
generally larger and heavier

Skin changes evident (hyperpigmentation), may develop skin folds

ISL STAGE III: Complex lymphoedema Tissues are hard and fibrotic and pitting is absent

Fibrosis/sclerosis can be extensive

Gross skin changes evident: hyperkeratosis, papillomas, lymphorrhoea

Source: Adapted from Best Practice Framework Document, Lymphoedema Framework Project (2006).

neck, trunk, genitalia), however, should be under-
taken by a specialist. Developing treatment plans
to increase general function, to improve range of
motion of joints or to improve mobility should be
addressed in consultation with appropriate ther-
apy providers such as physiotherapists and occu-
pational therapists.

Staging lymphoedema

Several staging systems exist for lymphoedema but
currently no international consensus exists. The
most commonly used staging system is that pro-
posed by the International Society of Lymphology
(2009) which is shown in Table 11.3.

Treatment strategies

The most common and widely accepted method
of treatment is complete decongestive therapy, also
known as combined, complex or comprehensive

decongestive therapy (CDT). Widely known as
the ‘gold standard’ of treatment for lymphoedema
(Lasinski, 2002; Thomas et al., 2007; International
Society of Lymphology, 2009; Mayrovitz, 2009),
this treatment consists of two phases. In the ini-
tial reductive or intensive phase, the main goals are
volume reduction of the affected area and skin
improvement. The second phase is called the main-
tenance phase and is an ongoing self-management
phase to make sure the gains of phase I are main-
tained in long term (Johnstone et al., 2006). The
effects and intents of this treatment are to decrease
swelling, increase lymph drainage from the con-
gested areas, reduce skin fibrosis and improve skin
condition. All of these improvements thus result in
an enhanced functional status of the patient, relief of
discomfort and improved quality of life, as well as
reduced risk of cellulites. A third but distinct phase
of treatment, Palliative, should be also considered.
This phase applies to those with lymphoedema
at the end of life or to those for whom patient
or system factors may interfere with standard
treatment.
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Transition management

Transition management is required for a 1–3-month
period post-intensive therapy, before progressing
into long-term management. The transition period
is required to both maximise the oedema-reducing
effects of the intensive therapy via stabilisation
of the fluctuations in swelling such as rebound
swelling related to the transfer from compression
bandages to hosiery (Lymphoedema Framework,
2006). It is also a period during which long-term
maintenance strategies are evaluated and educa-
tion on self-management is encouraged.

The choice of treatment during this time is
individual to the patient. It may or may not include
compression garments or bandages, manual
lymphatic drainage (MLD) or intermittent pneu-
matic compression (IPC). Transition management
programmes should be put in place by a spe-
cialist practitioner and consequently shared with
community staff.

Since one of the main aspects of success in long-
term care of lymphoedema is self-management
(Johnstone et al., 2006), promoting the active
engagement of patients in their self-care plans is
a primary goal of the transition phase. A period of
transition management for upper and lower limb
lymphoedema is usually recommended for indi-
viduals for whom there is difficulty maintaining
limb shape and managing skin condition as well as
rebound swelling. For these individuals, the transi-
tion phase requires weekly reassessment until sta-
bility in swelling and shape is achieved. Occasion-
ally, patients may require the transition phase as
a ‘reality check’ that they are not yet ready for
long-term management and require further inten-
sive therapy.

Long-term management

Long-term management is the goal of all treatments
for lymphoedema. Its purpose is to enhance the
function of the lymphatic system, limiting further
deterioration of lymphatics and swelling as well
as gaining long-term control. Lymphoedema is
a chronic condition for which there is no cure,
but consistent and appropriate management can
minimise subsequent side effects of this condition.
Like the transition phase, long-term management
requires commitment to daily skin care, exercise/

movement, compression, limb elevation and
self-monitoring. Compression garments are most
commonly involved, but there are exceptional cases
which require long-term use of compression ban-
daging. Certain cases of lower limb lymphoedema
may be deemed unsuitable for compression hosiery
for a number of reasons. Severe arterial disease,
swellings uncontainable by compression hosiery,
fragile skin or skin ulceration, inability to apply or
tolerate hosiery as well as psychosocial issues or
palliative needs are all indications for long-term use
of compression bandaging. In these cases, a wash-
able and reusable system which can be applied
by patients or informal caregivers should be
considered.

Manual lymphatic drainage

MLD is a specialised light massage technique that
stimulates superficial lymphatic vessels to remove
excess interstitial fluid (Williams et al., 2002; Pilch
et al., 2009). It is a manual, light skin technique
learned by lymphoedema therapists designed to
improve fluid removal from congested areas and
into lymph vessels and lymph nodes that are func-
tioning. Patients and caregivers can also be taught
a form of MLD often called simple lymphatic
drainage (SLD).

Exercise

Appropriate exercise enables the patient to resume
activity while minimising the risk of exacerbation
of swelling. Compression garments or bandages
must be worn during exercise (except aqua ther-
apy) to counterbalance the build-up of interstitial
fluid (National Lymphoma Network, 2011). Gen-
erally, exercise improves muscular strength, car-
diovascular function, psychological well-being and
functional capacity. Gentle resistance exercise stim-
ulates the muscle pump and increases lymph flow.
Aerobic exercise increases intra-abdominal pres-
sure which facilitates pumping of the thoracic duct
(Miller, 1998; Cohen et al., 2001)

Managing the skin in lymphoedema

Lymphoedema patients are susceptible to a num-
ber of skin problems. Deep folds of the skin that
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result from extensive swelling are a regular envi-
ronment for bacterial and fungal infections. Chronic
inflammation of the skin tissues causes the deposi-
tion of fibrin and collagen, resulting in skin thick-
ening and firming (National Lymphoma Network,
2011). The increase in skin thickening also results in
decreased lymph flow. Skin should be cared for to
improve and preserve the barrier function via wash-
ing with natural and pH-neutral soaps (see Chap-
ter 2). Patients should ensure that skin folds are
clean and dry. Emollients may be used to reestablish
the skin’s protective lipid layer. Skin also needs to be
monitored for cuts, insect bites or similar abrasions
that might be susceptible to infection or affected
by sensory neuropathy. Patients should be taught
good skin hygiene because if skin changes are left
untreated they can escalate in severity (Lawenda
et al., 2009).

Approaches to special skin problems in lym-
phoedema are described below:

� Skin sacs and lobes
After successful management of extreme lym-

phoedema, the remaining empty sacs of skin
may hinder continued therapy. A lobe is an
excess quantity of tissue (similar to a skin
sac) that remains when successful therapy has
reduced the volume of an oedematous area.
Both of these may be corrected surgically in
order to avoid unnecessary skin infections
(National Lymphedema Network, 2011).

� Fibrosclerotic areas
Fibrosclerotic tissue describes an affected

area of skin in which inflammatory proteins
of the lymph, including fibrin, have built up
and caused the tissues of the skin to harden.
Fibrosclerotic areas will remodel over time with
appropriate compression therapy.

� Fistulas
Lymphatic fistulas may occur when the lym-

phatic system is damaged, during radiation
therapy or as a complication of surgery. Fistu-
las may also appear on the skin. Anastomotic
breakdown following surgical procedures, can-
cer and radiotherapy are frequently reported
causes (Cheville and Gergich, 2004). Fistulas are
potential indications for surgical intervention.
Conservative fistula management is best done
by experienced practitioners such as enteros-
tomal therapists.

Management of infection

Lymph stasis-related infections such as cellulitis/
lymphangitis or erysipelas are characterised by
pain, high fever and even possibly septic shock.
Skin infections are primarily caused by Group A
β-haemolytic Streptococcus bacteria and less com-
monly, Staphylococcus bacteria. Cellulitis describes
the inflammation and infection of connective tissue
between neighbouring tissues and organs, com-
monly resulting from bacterial infection, and can
be located in the toes, dorsum and plantar surfaces
of the feet and lower leg and is generally reddish
in appearance (Kelechi, 2007). Lymphangitis refers
to an infection of the lymph vessels. Infections that
travel to the lymphatic system indicate worsening
of a skin infection and also put the patient at
risk of sepsis, which is life-threatening. Lym-
phangitis must be distinguished from superficial
thrombophlebitis which is an inflamed super-
ficial vein as a result of a blood clot (Dugdale,
2011).

Erysipelas refers to infections of the superfi-
cial epidermis, resulting in visible swelling. An
erysipelas skin lesion has a raised border and is
sharply demarcated from normal skin. Affected
skin is painful, oedematous and indurated. Many
clinicians use the terms erysipelas and celluli-
tis interchangeably, and since the treatment is
essentially the same, the difference is primarily
of academic interest. Figure 11.7 summarises the
management of cellulitis in patient with lympho-
edema.

Amoxicillin or amoxicillin/clavulinic acid is
usually the first-line treatment for acute therapy.
Clindamycin is a second-line agent and for those
allergic to penicillin. Prophylaxis is recommended
for people with two or more episodes per year. Low-
dose erythromycin or clindamycin may be used
for prophylaxis (Le Frock et al., 2004). However,
local protocols should determine which antibiotics
may be prescribed. For further guidance refer to
the Best Practice for the Management of Lymphoedema
(Lymphoedema Framework, 2006).

Fungal infections are common in oedematous
weeping limbs especially between the toes. These
infections may also provide a portal of entry for bac-
teria and increase the risk of cellulites. Treatment
should be aimed at prevention through meticu-
lous skin hygiene and management of oedema and
drainage.
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Identify extent / severity of infection  
(mark and date edges of erythema) 

Exclude other infections, e.g.
lymphangitis 

Take bloods for ESR, CRP, WCC 

Monitor systemic symptoms: fever,
malaise, nausea, shivering, rigors

Administer analgesia: paracetamol, 
NSAIDs 

Increase fluid intake 

Elevate the limb / consider period of 
bed rest 

Commence high dose antibiotics as 
soon as possible 

Guided by known antibiotic 
sensitivities and likely causative 
pathogen 

Monitor antibiotic tolerance 

Stop Simple / Manual Lymphatic Drainage 

Continue with reduced level of compression 
if tolerated 

Avoid long periods without compression 

If extended treatment is ineffective (7 days) 
review antimicrobial treatment and assess 
compliance 

Continue antibiotic treatment until cellulitis 
completely resolved (+ 14 days after 
clinical resolution) 

Educate patient / carer about symptoms, 
risk of recurrence and when to seek help 

Educate patient / carer about appropriate 
skin care regimen 

Consider prophylaxis to prevent 
recurrence  ≥ 2 + episodes a year 

Minimise recurrence by controlling 
oedema, healing wounds, treating 
fungal infection, etc. 

Figure 11.7 Management of cellulitis in patients with lymphodema (CREST, 2005; Lymphoedema Framework, 2006).

Practice point

Topical antifungals such as 1% terbinafine cream may
be used but may not be sufficiently penetrating to rid
thickened or keratinous tissues of the infection. If there is
no response to 6 weeks of treatment including meticulous
skin care, referral should be made to a dermatologist for
treatment with an oral antifungal. Bacteria can also cause
infection in areas in which the skin has been severely
compromised, and a topical antibiotic may be used in
conjunction with the antifungal treatment as the skin is
intact (Kelechi, 2007).

Compression therapy

Compression is the most common and useful treat-
ment of lymphoedema. It works to restore limb
shape to the affected area, reduces skin changes,
provides support to overstretched skin, eliminates
lymphorrhoea and softens subcutaneous tissues
(Lymphoedema Framework, 2006). It can be pro-
vided by means of bandaging, both elastic and
inelastic, as well as compression hosiery. The type
of compression provided is indicated based on the

patient’s needs. Intensive therapy required for indi-
viduals with severe oedema and significant skin
disorders require inelastic bandaging initially but
may eventually transition into compression hosiery
for long-term care.

The contraindications for compression are

� severe arterial insufficiency (ankle brachial pres-
sure index <0.5);

� uncontrolled heart failure;
� severe peripheral neuropathy.

Patients with cellulitis or erysipelas can tol-
erate compression therapy with bandages, but
at reduced pressure depending on individual
tolerance. Compression garments can be used
once the patient is in the maintenance stage of
therapy. Compression garments may be contra-
dicted in arterial insufficiency, acute cardiac failure,
peripheral neuropathy, extreme shape distortion,
very deep skin folds, lymphorrhoea or similar
weeping skin conditions and extensive ulcera-
tion. Those cases require compression bandaging
for treatment.



188 Wound Healing and Skin Integrity

Multilayer lymphoedema bandaging

Compression bandaging refers to specific technique
using multilayer components. The components
may include a bandage lining (tubular), digit ban-
dages, under-bandage padding (polyester, cotton or
foam), multiple layers of either non-stretch or short-
stretch bandages. With inelastic bandages resting
pressure is low but with activity the sub-bandage
pressure increases. High working pressures assist in
creating a pump-like action via the differential pres-
sures, as skeletal muscles alternately relax and con-
tract. As oedema is reduced, the secondary changes
begin to resolve. Certain areas, such as head and
neck, are not amenable to high-compression ban-
daging. Low-compression garments or bandages
may be employed by trained therapists but these
patients commonly require alternative treatments.
In all other cases, bandages are better options for
treatment of lymphoedema, particularly for per-
sons with grossly misshapen limbs or areas unsuit-
able for compression garments. Trunk and gen-
ital bandaging are best done by specialist lym-
phoedema therapists.

Bandaging techniques

Bandaging of limbs and digits should be performed
by a trained healthcare practitioner. When wrapped
properly, the applied pressures to the limbs pro-
duce a massaging effect that stimulates lymph flow.
There are multiple techniques for applying com-
pression bandages. For an illustrated description
of bandaging, the Best Practice for the Management
of Lymphoedema document is recommended ( Lym-
phoedema Framework, 2006).

Intermittent pneumatic compression

IPC uses pump garments with multiple cham-
bers and sequential pressure delivery determined
individually for the patient’s diagnosis and pat-
tern of lymphoedema (Pilch et al., 2009). IPC is
not used as a solitary treatment for lymphoedema
and patients should maintain oedema control with
a compression garment or bandaging between
treatments (International Society of Lymphology,
2009; Pilch et al., 2009). In addition to the usual

contraindications for compression, contraindica-
tions to IPC include the following: untreated
non-pitting chronic lymphoedema, pulmonary
embolism, thrombophlebitis, acute skin inflamma-
tion, pulmonary oedema, active metastatic disease,
oedema at the root of the affected limb or truncal
oedema. There is no international consensus on the
use of IPC and it should be used only by specialist
practitioners.

Compression stockings/garments

Compression garments may be used for the ini-
tial treatment of lymphoedema and for the mainte-
nance phase of treatment for higher stages. In order
to use compression garments successfully, one must
have good dexterity, intact resilient skin, no or min-
imal shape distortion and no or minimal pitting
oedema. The ability to tolerate and manage hosiery
as well as the ability to monitor skin condition and
engage in prevention strategies is also important.
The use of compression garments by the patient
requires more consideration and research than limb
bandaging, due to the fixed nature of the garment.
Limb shape is an important factor while choosing
a garment. Ready-to-wear manufactured garments
are easily suited for individuals with minimal or
no shape distortion, but can be more difficult to
fit precisely. Custom-made garments are better as
they do not roll, curl or twist, providing a bet-
ter fit, and can be made with additional aids for
ease of application, such as zippers. Compression
garments should be fitted by appropriately trained
practitioners and their prescription requires a com-
prehensive assessment of patient condition.

Other therapies

Elevation of a lymphoedematous limb often
reduces swelling, particularly in Stage I or early
Stage II lymphoedema. If elevation successfully
reduces swelling, the effect should be maintained
by wearing a low-stretch elastic stocking or sleeve
when the limb is not elevated (International
Society of Lymphology, 2009). Breathing exercises
are recommended to help clear the central lym-
phatics prior to interventions that promote lymph
drainage from the periphery. A recent clinical study
demonstrated that a combination of exercise and
deep-breathing significantly reduced the volume
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of the lymphoedematous limb (Lymphoedema
Framework, 2006). Breathing exercises are not
harmful, are inexpensive and may be beneficial.
As with any chronic condition there are a variety
of therapies that are reported as being successful
for the management of lymphoedema including
hyperbaric oxygen, laser therapy, lymphoedema
taping, but there is a current lack of substantial
evidence to support their use. Further research is
required to establish the benefits of these treatments
and the optimal regimen.

Surgical intervention

Debulking surgery removes excess subcutaneous
tissue associated with the affected area. Risks
include poor wound healing, nerve damage or loss,
significant scarring, destruction of the remaining
lymphatic vessels in affected area, loss of limb func-
tion, return of swelling, poor cosmetic results and
decrease in quality of life. Compression garments
are still necessary and must be worn lifelong due
to lymphatic scarring and insufficiency (National
Lymphedema Network, 2011). Liposuction is the
removal of fatty tissue deposits in the affected
area and is similar to but not the same as cosmetic
liposuction. Lifelong compression is still required
to prevent recurrence. Liposuction is considered
only if the limb has not responded to standard
conservation therapy but is not indicated when
pitting oedema is present. Risks include bleeding,
infection, skin loss, abnormal sensation (numbness,
tingling) and lymphoedema returning (National
Lymphedema Network, 2011).

Microsurgical techniques have been developed
to move lymph vessels to congested areas and
improve lymphatic drainage. This surgery involves
connection of lymph vessels and veins, nodes and
veins or vessels to vessels. Reductions in limb vol-
ume have been observed and preliminary studies
have been done (National Lymphedema Network,
2011). Bypass operations aim to restore lymphatic
function through lymphovenous anastomoses and
lymphatic or venous vessel grafting, and may also
involve lymph node transplantation. Anastomo-
sis of lymph vessels to the venous system may
be attempted in patients with proximal lymphatic
obstruction and patent distal lymphatics and pro-
duces better results at earlier stages of lymphostatic
disease.

Pharmacological management

There is no evidence that diuretics encourage
lymph drainage although theoretically by reduc-
ing blood volume, capillary filtration should be
reduced together with lymph formation. Diuret-
ics are therefore not consistently recommended
(National Lymphedema Network, 2011), and have
limited use during the initial treatment phase of
CDT and should be reserved for patients with spe-
cific co-morbid conditions or complications (Inter-
national Society of Lymphology, 2009). They may be
helpful in cases of effusions in body cavities (ascites,
hydrothorax) and with protein-losing enteropa-
thy (International Society of Lymphology, 2009).
Patients with peripheral lymphoedema from malig-
nant lymphatic blockage may also benefit from a
short course of diuretics.

Benzopyrones are based on a variety of natu-
rally occurring substances such as flavonoids and
oxerutins. They are reported to hydrolyse tissue
proteins and facilitate absorption and have been
used as adjunct therapy in primary and secondary
lymphoedema treatment including filariasis. Some
data indicate that they may stabilise swelling by
reducing microvascular filtration, but high doses
have been linked to liver toxicity so they are not
meant to be used as an alternative or substitute for
CDT (International Society of Lymphology, 2009).

Education and support

Educating patients living with lymphoedema is
crucial at every step of the treatment process,
but mostly when patients begin home-maintenance
programmes, where adherence is crucial to the pre-
vention of reoccurrence (Lawenda et al., 2009). Edu-
cation should include the importance of skin care,
exercise, weight reduction and self-monitoring for
complications. Patients may also be trained about
use of an inelastic adjustable compression device,
SLD or compression garments.

It is known that consistent adherence of patients
to their self-care programme has significant correla-
tion with better outcomes (National Lymphodema
Network, 2012). At the time of follow-up, patients
reporting self-adherence presented with continued
loss of swelling versus patients reporting non-
adherence showed increasing oedema (Johnstone
et al., 2006). Emphasis on and instruction in skin
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care, SLD, signs and symptoms of infection, proper
fit and care of garments as well as possible mod-
ification to lifestyle and activity levels to reduce
risks are important in the initial stages of diagnosis
and treatment (National Lymphedema Advisory,
2011). As the condition continues, use of compres-
sion garments and limb elevation, and avoidance of
extreme temperatures should also be emphasised
(National Lymphoma Network, 2011). Some stud-
ies suggest that pretreatment lymphoedema educa-
tion could be very useful to patients and practition-
ers as an easy way to improve outcomes, increase
adherence and prevent additional trauma (Ridner,
2006). Patient and caregiver education needs to be
provided through multifaceted approaches which
are consistent with level of education and learn-
ing styles. Education needs to be reinforced at
every follow-up visit. Regularly scheduled follow-
up visits are required to monitor self-management
and to ensure compression garments are still
effective.

Provision of specialist services

The diagnosis, assessment and treatment of
chronic oedema/lymphoedema require an inte-
grated approach involving multiple disciplines.
Patients require thorough medical assessment,
skilled nursing services and health practitioners
skilled at bandaging and MLD. They may require
assessment by a dietician and assistance in cop-
ing with psychosocial issues from a social worker.
Surgical services may be required. Care needs to
be coordinated from hospital to clinic to home.
Patients should be able to move seamlessly from
one area of service to another. Sadly, in much of
the world this does not exist, and lymphoedema
clinicians have a major role in advocating for inte-
grated care. A practical template to help develop-
ment of specialist lymphoedema services is avail-
able (see Useful Resources section), and can be used
by the multidisciplinary team in areas where lym-
phoedema services are inadequate (Lymphoedema
Framework, 2007).

Criteria for specialist referral

International guidelines recommend that advice
should be quickly obtained from an appropriate
specialist if any of the following circumstances

apply (Lymphoedema Framework, 2006; Interna-
tional Society of Lymphology, 2009):

� swelling of unknown origin;
� midline lymphoedema, e.g. head, neck, trunk,

breast, genitalia;
� primary lymphoedema;
� sudden increase in pain or swelling of lym-

phoedematous site;
� severe foot distortion;
� severe papillomatosis or other chronic skin con-

dition;
� recurrent cellulitis/erysipelas;
� failure to respond to standard treatment in

3 months;
� unresolved psychological issues, e.g. depression

within 3 months.

Summary

Lymphoedema is a hidden epidemic. It is under-
recognised and undertreated worldwide. It is a
chronic condition, and is best managed using
chronic disease models which focus on self-
management, with professional support for assess-
ment, treatment recommendations and monitoring.
The cornerstone of treatment is appropriate com-
pression therapy to manage oedema. It requires
a partnership between healthcare systems, health
professionals, persons living with lymphoedema
and their families or caregivers.

Useful resources

Lymphoedema Framework Best Practice for the Management of
Lymphoedema International Consensus document (2006).
Available at: International Lymphoedema Framework
website: http://www.lympho.org

The Management of Lymphoedema in Advanced Cancer and
Oedema at the End of Life (2010) Available at: http://
www.lympho.org

Lymphoedema Framework (2007) Template for Manage-
ment: Developing a Lymphoedema Service. London: MEP
Ltd. Available at: http://www.lympho.org

Aberdeen (2009) Skills for Practice: Management of Chronic
Oedema in the Community. Wounds UK. Available
at: http://www.woundsinternational.com/clinical-
guidelines.

http://www.lympho.org
http://www.lympho.org
http://www.lympho.org
http://www.lympho.org
http://www.woundsinternational.com/clinicalguidelines
http://www.woundsinternational.com/clinicalguidelines
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Useful websites

British Lymphology Society. Available at: http://www.
lymphoedema.org

Lymphoedema Network (Europe).
Lymhovenous Canada. Available at: http://www.

lymphovenous-canada.ca
Lymphodema Association of Australia. Available at:

http://www.lymphoedema.org.au
Lymphedema Association of Ontario. Available at:

http://www.lymphontario.ca
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12 Malignant Wounds
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Palliative Care Council of New Zealand, Wellington, New Zealand

Overview
� Limited information exists about prevalence and incidence of malignant wounds, but they develop in approximately 5%

of people with cancer.
� Malignant wounds are difficult to treat as they are an active malignancy that can only be healed if the tumour responds to

anticancer treatment.
� The aim of malignant wound management is symptom control and maintenance or improvement of quality of life.
� Palliative anticancer therapies should always be explored in the management of malignant wounds. Alongside wound

management strategies, people with malignant wounds also require psychological and social support to cope with the
impact of the wound and related cancer diagnosis.

� Malignant wounds require a holistic approach provided by a multidisciplinary team.

Introduction

Malignant wounds may also be called fungating
wounds or malignant cutaneous wounds. The term
‘malignant’ refers to the underlying malignant can-
cer that gives rise to the wound, while ‘fungating’
generally describes the proliferative growth pattern
seen in many malignant wounds, which results in
a fungal or cauliflower like appearance of wound
tissues.

Malignant wounds occur more frequently in
older adults and usually develop in the last
6 months of life (Ivetić and Lyne, 1990; Haisfield-
Wolfe and Rund, 1997); they are rare in children.

While a malignant wound may arise anywhere
on the body, the most frequent site is the female
breast, with other common sites being the neck,
head, chest, extremities and genitals (Thomas, 1992;
Wilkes et al., 2001; Maida et al., 2009; Probst
et al., 2009). Female breast cancer is the most com-
mon cause of a malignant wound, but most solid
tumours and some haematological malignancies
can give rise to a malignant wounds; for example,
cancers of the head and neck, kidney, lung, ovary,
colon, penis, bladder and lymphomas.

A small number of people with malignant
wounds will achieve wound healing with cancer
therapy, such as radiotherapy, chemotherapy or

Wound Healing and Skin Integrity: Principles and Practice, First Edition. Edited by Madeleine Flanagan.
C© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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Figure 12.1 Fungating breast cancer wound with extensive
spread. Photo courtesy of Wayne Naylor.

surgery. In most cases, however, the wound contin-
ues to deteriorate, and treatment is therefore aimed
at symptom control and maintaining or improving
quality of life.

Malignant wounds: aetiology

Malignant wounds are a complication of cancer and
their development can be directly attributed to the
activity of a malignant tumour. Thus, a malignant
wound may develop from:

� invasion of the skin by an underlying locally
advanced primary or recurrent cancer (Fig-
ure 12.1);

� a primary skin cancer (in particular, an
untreated or recurrent squamous cell carcinoma
or malignant melanoma);

� metastatic spread from a distant tumour (Fig-
ure 12.1);

� implantation or ‘seeding’ during surgery;
� malignant transformation in a long-standing

chronic wound (usually an aggressive squa-
mous cell carcinoma) (Malheiro et al. 2001).

In general, a malignant wound indicates a
poor prognosis, with most patients dying within
6 months of developing cutaneous metastases
(Saeed et al., 2004; Fyrmpas et al., 2006; Wu et al.,
2006).

Early skin infiltration often presents as discrete,
non-tender skin nodules, which enlarge as the
underlying tumour grows, until they reach a size
where skin capillaries and lymph vessels are dis-
rupted (Pearson and Mortimer, 2004). This impairs
skin perfusion causing tissue hypoxia and necrosis.
Abnormal clotting and disorganised microcircula-
tion within the tumour further compromise tissue
viability. The tumour may also invade and destroy
deeper structures, which can result in fistula forma-
tion within the wound.

The resulting wound may be a shallow or deep
crater-like ulcer, or it may present as a raised nodu-
lar lesion. In many cases there is a combination
of proliferative growth and central necrosis. The
wound shown in Figure 12.2a is a good exam-
ple of this combined presentation, with prolifera-
tive growth around the edges and deep necrotic
ulceration in the centre. The accompanying CT scan
of this wound (Figure 12.2b) clearly shows both

(a) (b)

Figure 12.2 (a) Malignant wound caused by breast cancer that demonstrates proliferative growth at the margins with central
necrosis and ulceration. (b) A CT scan of the patient in (a) clearly illustrating the elevated edges of the wound (proliferative
growth), the central necrotic area (arrow) and the enhancing area of breast tumour. (Copyright C© 2010, Dr Abbas A.R. Mohamed,
reproduced with permission.)
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these aspects of the wound. It also illustrates how
the ‘wound’ is entirely formed of tumour (enhanc-
ing area). This is why malignant wounds are so dif-
ficult to treat; they are in fact an active malignancy
that can only be healed if the tumour responds to
anticancer treatment.

The occurrence of malignant wounds is not
recorded in cancer registries, and only a few stud-
ies have attempted to determine the frequency
with which they occur. From current literature
(Haisfield-Wolfe and Rund, 1997; Maida et al., 2008;
Alexander, 2009; Probst et al., 2009) it appears that

� around 5% of people with cancer develop malig-
nant wounds;

� the incidence is higher (10–14%) in those with
metastatic cancer;

� 2–13% of people who present with a malignant
wound may never have had cancer diagnosed;

� the incidence of malignant wounds may be
higher in developing countries where aware-
ness of cancer and access to treatment is limited
(Mohamed et al., 2010).

In 2008, there were an estimated 12.7 million new
cancer cases worldwide, with over 60% in devel-
oping countries (Jemal et al., 2011). Based on an
estimated 5% prevalence rate, this could mean that
globally there were 635,000 people living with a
malignant wound.

Psychological impact

Malignant wounds can have a profound impact
on the patient, their family and healthcare profes-
sionals. These wounds are an outward and very
obvious sign of advanced and life-limiting can-
cer, which itself is an extremely difficult diagno-
sis to deal with. Although there is relatively little
research on the impact of malignant wounds, the
evidence that is available points to a significant
psychological and social burden associated with
these complex wounds (Lund-Nielsen et al., 2005;
Lazelle-Ali, 2007; Alexander, 2010; Dolbeult et al.,
2010).

Common psychological issues are usually related
to the symptoms and appearance of the wound and
the underlying diagnosis, and can include

� body image alteration;
� denial;

� depression;
� embarrassment;
� fear;
� guilt;
� lack of self-respect/self-esteem;
� problems with sexual expression;
� revulsion/disgust;
� shame.

Social factors may also influence wound-related
symptoms and problems, but can also arise due to
issues of access to treatment, financial pressures and
the need for complex and time-consuming personal
care. These issues may include social isolation, lack
of support and resources, communication difficul-
ties and restrictions due to dressing changes. It is
important that these concerns are considered as part
of a holistic management plan.

Malignant wounds often have an offensive odour
and heavy exudate. Uncontrolled wound malodour
can have a devastating effect on the patient, and
is particularly difficult for the family and/or care-
givers to cope with, including healthcare pro-
fessionals (Probst et al., 2009; Alexander, 2010).
Patients may feel embarrassed or disgusted by the
smell, and the social stigma, and the guilt and
shame associated with a malodorous wound may
lead to depression, social isolation and relation-
ship problems (Lund-Nielsen et al., 2005; Lo et al.,
2008; Piggin and Jones, 2009; Dolbeult et al., 2010).
Exudate leakage from wound dressings and satu-
rated or stained clothing and bedding is a com-
mon problem, which often results in embarrass-
ment, depression and social isolation (Davis, 1995;
Lund-Nielsen et al., 2005). The appearance and loca-
tion of a malignant wound can have a profound
effect on body image; for example, an exuding, mal-
odorous breast wound will deeply affect feminin-
ity, causing women to avoid physical closeness and
sexual activity (Lund-Nielsen et al., 2005). The sub-
sequent effects on self-esteem and sexual expres-
sion can lead to significant relationship problems
(Haisfield-Wolfe and Rund, 1997; Grocott, 1999;
Young, 2005).

Therefore, formal or informal counselling will
be helpful, along with spiritual care according to
the patient’s beliefs. The patient and their family
should have appropriate social support, as this will
decrease stress and anxiety. A great deal of this
supportive care can be provided by a specialist pal-
liative care service, so their involvement should be
encouraged if available and the patient agrees.
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Practice point

While assessment should include the psychological and
social problems noted above, these issues must be
explored in a sensitive manner, as they can be distressing
for the patient to talk about. Asking about potential prob-
lems as part of general conversation during wound care
procedures is one way of introducing these difficult topics
in a non-threatening way. Attentive listening is vital and it
will be important to allow the patient to respond in their
own time. Gentle prompting with open-ended questions
will be helpful. Any significant problems should be noted
and addressed where possible by the healthcare practi-
tioner, or the patient referred for specialist care/support if
necessary.

Principles of palliative wound
management

The word palliate means to ‘make less severe with-
out removing the cause’ (Oxford University Press,
2011), or in the case of palliative care, to give tempo-
rary relief from the symptoms of a disease but not
aiming to cure the disease. This approach seems
incongruous in relation to wound management, as
the aim of care is usually to heal the wound. How-
ever, for most malignant wounds healing is very
difficult or impossible to achieve. In these instances,
the principles of a palliative approach can prove
useful (McDonald and Lesage, 2006; Alvarez et al.,
2007).

The principles of palliative wound management
aim to

� prevent and relieve suffering through early
identification, assessment and treatment of pain
and associated problems;

� ensure a ‘whole-of-patient’ approach to address
physical, psychological, social and spiritual
needs;

� facilitate the identification of patient’s and fam-
ily’s wishes;

� ensure a collaborative multidisciplinary
approach.

(World Health Organization, 2002)

There are particular patient characteristics that
can indicate a palliative approach is more appro-
priate, these include

� an underlying disease process that cannot be
corrected;

� the disease is in its end stages;
� healing of the wound is not a priority of care;
� treatment demands on the patient are too great;
� the patient is in the end-of-life phase (e.g. hours

or days to live).

These features mean that the patient has little or
no healing potential. For these people, wound man-
agement should be guided by realistic and achiev-
able goals of care, and the simplest management
strategy that achieves these goals should be used.
This may mean that basic dressing products are
used, but it does not mean that patient care should
be compromised; a palliative approach is not an
excuse for poor wound care.

Malignant wounds: assessment
considerations

Because the effects of a malignant wound extend
beyond the actual wound itself, a holistic approach
to patient assessment is essential. This should
include gathering information on the patient’s psy-
chological response to their wound and the effect
of the wound on their family and social life.

The symptoms related to malignant wounds are
not unique, but tend to be extreme and occur
in combination, making management much more
challenging (see example in Figure 12.3). The most
frequently reported wound-related symptoms in

Figure 12.3 A large malignant wound caused by an untreated
breast cancer. Photo courtesy of Wayne Naylor.
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people with malignant wounds are malodour,
heavy exudate, pain, bleeding and skin irritation
(Maida et al., 2009). Understanding the causes of
these symptoms is important, as this underpins the
management strategies and also helps anticipate
the potential needs of the patient.

The extensive necrosis gave rise to extreme mal-
odour along with heavy exudate, pain and skin
irritation. New tumour nodules can be seen aris-
ing in the skin around the wound.

It is important to remember that the main goal
of treatment is to improve the patient’s quality
of life, so assessment must involve ascertain-

ing the patient’s own concerns and priorities.
These, combined with the clinical concerns of
healthcare professionals, should form the basis
of a patient-focused management plan. In these
circumstances, the wound management plan will
need to be dynamic to respond to changes in
skin integrity, wound status and the patient’s
wishes. Frequent reassessment of the wound is
vital, as changes in wound appearance over time
are an important indicator of cancer treatment
response.

The essential parameters to include when assess-
ing a malignant wound are listed in Table 12.1.

Table 12.1 Wound assessment parameters and rationale for malignant wounds

Assessment parameter Rationale in malignant wounds

Duration � Wound development in relation to cancer diagnosis
� May highlight psychological and social issues

Previous treatments � Information on what dressing products have and have not worked in the past
� Include cancer treatments, as this will inform treatment approach

Location � Assess potential for complications such as blood vessel erosion
� Inform method of dressing fixation and need for consideration of cosmetic appearance
� May indicate potential for psychological/social problems if in a sensitive/private area of

the body

Size, depth and shape � Selection of appropriate size and shape dressing(s) to fit irregular-shaped wound
� Monitor improvement or deterioration in response to cancer treatment

Type of tissue present � Selection of appropriate type of dressing(s)
� Contribution to wound malodour (necrotic tissue)
� Monitor response to cancer treatment (note: an increase in necrotic tissue may be due to

tumour necrosis)

Amount and nature of
exudate

� Selection of appropriate type of dressing(s)
� Increasing exudate may be a sign of infection

Presence and level of
malodour

� May indicate infection
� Will inform type of treatment required for malodour
� Monitor effectiveness of treatment for malodour
� Can cause distress for patient and family

Episodes of bleeding � Identify risk for serious bleed
� Selection of appropriate dressing/topical treatment for bleeding
� Prepare carers in advance

Nature and type of pain � May indicate infection
� Appropriate selection of analgesia for type of pain, including topical
� Assessment of effectiveness of analgesia
� Pain related to dressing procedures may indicate need for alternative dressing(s)

Signs of wound
infection

� Need for topical and/or systemic antibiotic therapy
� May be masked in chronic wound or immunosuppressed patients

Condition of
surrounding skin

� Development of new tumour nodules
� Assess for itching/irritation in skin
� Identify excoriation/maceration from exudate
� Identify skin stripping from adhesives
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Given that people with malignant wounds can
suffer from a number of psychological and social
problems, it is essential to remember that their care
involves the whole person and not just the wound.
This will require, first, a comprehensive assessment
to establish psychological and social problems, and
then a multidisciplinary team approach to address
any issues. It will be important to involve the patient
and their family in any decisions about care, and
open and honest communication will ensure every-
one is aware of decisions and goals.

Management of malignant wounds

A significant issue in terms of managing malig-
nant wounds is the relatively small amount of
high-quality research-based evidence that is avail-
able to guide practice (Adderley and Smith, 2007;
Alexander, 2009). Current practice is therefore
based primarily on expert opinion and the transla-
tion of evidence from other chronic wounds. There
is an urgent need for more clinical research aimed
at determining the most effective methods of symp-
tom control for malignant wounds.

Cancer therapy options

As noted earlier, malignant wounds are a direct
consequence of cancer eroding through or infiltrat-
ing the skin. As such, palliative anticancer thera-
pies should always be explored in the management
of malignant wounds. When considering such an
intervention, it is important to remember that there
must be a positive benefit to the patient, in relation
to control of the cancer and wound-related symp-
toms, but with minimal side effects.

External beam radiotherapy is the most com-
monly used palliative treatment, and will usually
reduce the size of the wound, reduce symp-
toms of high exudate and bleeding and alleviate
pain (Hoskin, 2004). Single agent or low-dose
chemotherapy may be effective in relieving symp-
toms, but the response may be minimal in recurrent
or advanced disease. Hormonal manipulation can
also be an effective method of symptom control, but
only if the primary tumour is hormone sensitive, for
example oestrogen-receptor-positive breast cancer
(National Cancer Institute, 2011).

Figure 12.4 The same patient as in Figure 12.3, 8 months
after initial presentation, following treatment with intravenous
chemotherapy and external beam radiotherapy to the breast.
Photo courtesy of Wayne Naylor.

Surgical resection of the wound is also a potential
palliative treatment, but one that is possibly under-
utilised in the management of malignant wounds.
There are a number of associated risks that limit
the usefulness of this method, such as bleeding and
underlying malignant disease. However, in selected
cases excision of the wound ‘en masse’ followed
by repair using plastic surgical techniques could
potentially be a useful method of symptom control
(Offer et al., 2000; Mohamed et al., 2010). This type
of palliative surgery can dramatically improve the
patient’s cosmetic appearance, as well as providing
an extended symptom-free period.

Figure 12.4 shows the same patient shown in Fig-
ure 12.3 following intravenous chemotherapy and
external beam radiation therapy. While the final
result of treatment is impressive, this patient died
soon after from metastatic breast cancer.

Pain

Wound-related pain may be due to nerve and blood
vessel damage by infiltrating tumour, or exposure
of dermal nerve endings from superficial ulcera-
tion. Patients often complain of superficial sting-
ing or a persistent deeper ache due to painful
ulceration (Grocott, 1999). Nerve damage can cause
neuropathic pain, which may be characterised by
burning pain with intermittent sharp shooting or
stabbing pains. Wound care procedures such as
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debridement, inappropriate cleansing technique or
the dressings adhering to the wound bed may also
contribute to wound pain.

Pain can never be fully controlled unless treat-
ment is preceded by an accurate and in-depth
assessment to identify the location, duration, inten-
sity, quality, onset and impact on activities of daily
living (Price et al., 2007). This will enable a proactive
approach to preventing wound pain by prescribing
and administering suitable analgesia and initiating
appropriate wound care practices.

Analgesia should be prescribed following the
guidelines for the control of cancer pain proposed
by the World Health Organization, and specialist
advice is helpful in this regard. These guidelines
provide a stepwise and proven approach to pain
management in cancer patients (World Health
Organization, 1996). In addition, ‘as-required’
analgesics should be prescribed for use prior to
wound care procedures. Appropriate wound care
practices include gentle cleansing by irrigation
and using non-adherent dressings. Less frequent
dressing changes will also help by reducing the
need for painful wound care episodes.

There is a growing body of evidence to sup-
port the use of topical opioids for pain in chronic
wounds, although continuing research is required
(LeBon et al., 2009). This approach is based on the
presence of opioid receptors on peripheral nerves,
which can be activated to block nerve impulses
by the application of opioid drugs directly to the
wound surface (Back and Finlay, 1995; Stein, 1995;
Krajnik et al., 1999; Twillman et al., 1999; Grocott,
2007). This method of opioid administration may
offer an alternative treatment for patients whose
pain is not responsive to conventional analgesia.
Topically applied lignocaine in a carrier gel or paste
may also be effective in controlling wound pain
(Alvarez et al., 2007).

Practice point

A topical morphine preparation can be made by mix-
ing morphine for injection with a wound hydrogel to a
concentration of approximately 0.1% w/w (about 1 mg of
morphine to 1 g of hydrogel). It should be applied directly
to the wound surface once or twice daily. Metronidazole
gel has also been used as a carrier for morphine to pro-
vide combined pain and odour control (Flock et al., 2000;
Grocott, 2000).

Malodour

The often putrid odour associated with a malignant
wound is considered the most distressing symp-
tom for patients and can be a significant problem
for family and caregivers as well. Healthcare prac-
titioners also find wound malodour a very diffi-
cult problem to deal with (Alexander, 2010). The
odour is commonly strong, unpleasant and persis-
tent, and can trigger gagging and vomiting reflexes
(Van Toller, 1994).

Malodour is predominantly a by-product of bac-
terial activity in the hypoxic, devitalised tissue
present within the wound. In particular, anaerobic
bacteria of the Bacteroides and Clostridium species
are involved (Thomas et al., 1998a; Hack, 2003;
Draper, 2005). These bacteria break down amino
acids in necrotic tissue, resulting in the production
of the organic chemicals putrescine and cadaver-
ine, which are primarily responsible for the foul
odour of putrefying flesh associated with malig-
nant wounds (Thomas et al., 1998a). Aerobic bac-
terial species, such as Proteus, Klebsiella and Pseu-
domonas, may also be present but tend to pro-
duce less toxic by-products. Stale exudate in dress-
ings and fistula effluent can also be a source of
malodour.

The three key approaches to successful malodour
management are

� removing the medium for bacterial growth
(moist necrotic tissue);

� killing the bacteria responsible for odour pro-
duction;

� containing or masking the odour.

Debridement of necrotic tissue from the wound
will deprive odour-causing bacteria of a growth
medium. However, the risk of bleeding and pain
means that surgical or sharp debridement must be
performed with extreme caution by practitioners
who have been properly trained and only loose tis-
sue carefully removed. Autolytic debridement is
the preferred method, but there is a potential for
increased levels of exudate through the use of fluid-
donating dressing products, such as hydrogels, and
from tissue breakdown (Grocott, 2007).

In order to kill bacteria an antibiotic or anti-
septic is required. The most common treatment
for malignant wound malodour is metronidazole,
an antibiotic that is active against the anaerobic
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bacteria responsible for odour production (Bower
et al., 1992; Finlay et al., 1996). Metronidazole may
be given systemically, at a dose of 200–400 mg three
times a day. This method of administration is par-
ticularly suitable for wounds that have invaded a
body cavity where topical application is difficult,
or where there are systemic signs of infection, such
as general malaise, fever and/or rigors (Draper,
2005). There is a risk of gastrointestinal side effects
with systemic therapy, and it has been suggested
that systemic use in poorly vascularised necrotic
wounds may result in an inadequate dose reaching
the wound (Thomas et al., 1998a).

Practice point

Topical metronidazole may be a more effective deliv-
ery method than oral metronidazole and easier for
patients who may have difficulty in swallowing. Usually a
0.75–0.8% gel is applied directly to the wound surface
once or twice daily and is effective in odour control within
2–5 days (Finlay et al., 1996; Bale et al., 2004). Because
the topical gel can be expensive, some clinicians have
used crushed metronidazole tablets or oral suspension
mixed with a wound gel as an alternative. Note that the
use of these medicines in this way is not a licensed indica-
tion, and so they must be dispensed on a named patient
basis only and according to local policy on the use of
medicines off-licence.

Activated charcoal dressings are commonly used
to control wound malodour. These dressings con-
tain a layer of charcoal cloth that attracts and binds
the molecules responsible for wound odour (Hamp-
ton, 2006). Activated charcoal dressings are avail-
able as a simple secondary cloth dressing or may
incorporate other dressing materials, such as foam,
alginate or hydrofibre. In general, activated char-
coal dressings work best when kept dry and when
a complete seal is maintained over the wound by
the dressings. Some dressings are also impregnated
with silver for its bactericidal effect. The highly
bactericidal nature of silver may have some effect
on malodour by killing the causative bacteria in
wound exudate, or in the wound tissues if silver
is released into the wound environment from the
dressing. However, there is limited evidence for the
use of silver dressings in malignant wounds and
cost may be prohibitive due to the frequency of
dressing changes.

Other methods of odour control that may be
effective but have limited supporting evidence
include sugar paste or sterile honey, both of which
are highly bactericidal and encourage wound
debridement (Hampton, 2006). Silver- or iodine-
impregnated dressings may also be effective, as
they kill a wide range of odour-causing bacteria,
however cost can be an issue. Some essential oils
may help disguise odour (Mercier and Knevitt,
2005), and daily dressing changes and disposal
of soiled dressings will prevent odour from stale
exudate.

Exudate

Heavy exudate is a common problem with malig-
nant wounds, and is most likely due to excess leak-
age of fluid from blood vessels as a result of a
disorganised and highly permeable tumour local
blood supply. Tumour cells may also secrete vas-
cular permeability factor, which exacerbates leak-
age of fluid from blood vessels (Haisfield-Wolfe
and Rund, 1997). In addition, inflammation ass-
ociated with heavy bacterial colonisation or infec-
tion, and tissue breakdown by bacterial proteases
also contribute to exudate production. If the wound
is complicated by a fistula, it could result in the dis-
charge of high volumes of corrosive or malodorous
effluent. Tumour necrosis as a consequence of can-
cer therapy, particularly with radiotherapy, can also
cause an increase in exudate.

Management of malignant wounds requires a
balance between exudate absorption or contain-
ment, and maintenance of a moist wound environ-
ment to encourage potential healing and prevent
dressing adherence and wound desiccation (drying
out). Lesions that are dry should be covered by a dry
dressing to protect them from trauma and prevent
further deterioration.

Dressings suitable for moderate-to-high exudate
include alginate and hydrofibre dressings, foams
and silicone-coated non-adherent wound contact
layers with a secondary absorbent pad (Grocott,
1999). For very heavy exudate, a highly absorbent
incontinence pad can be used as a secondary dress-
ing. These usually have a superabsorbent core and
waterproof backing, making them ideal for contain-
ing large volumes of exudate. For wounds with a
small opening or which contain a fistula, a drain-
able stoma appliance, such as a urostomy bag, or
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specially designed wound manager bag, may be
appropriate.

In general, the use of topical negative pressure
therapy (TNP) is not recommended for malignant
wounds due to the risk that increased blood flow to
the area will encourage growth of the malignancy,
and may increase the chances of metastatic spread
of the cancer. However, in cases where symptoms
of exudate and odour are proving difficult to con-
trol and the patient is near the end of life, TNP
may be used effectively to contain symptoms and
improve quality of life. Caution is advised if bleed-
ing is present in the wound and wound pain should
be carefully monitored.

With highly exudating wounds, the patient’s skin
is at risk of breakdown due to maceration and/or
the corrosive effects of exudate. Skin can easily be
protected using an alcohol-free skin barrier film, or
by cutting a thin hydrocolloid sheet to fit around
the wound. These strategies will also protect the
skin from stripping by self-adhesive dressings and
tapes.

Itching and skin irritation

Itching and skin irritation may occur when tumour
nodules develop within the skin. Stretching of the
skin irritates nerve endings causing a biochemi-
cal reaction leading to local inflammation, which
causes irritation and itching. Wound exudate or fis-
tula effluent can also cause skin excoriation and
maceration, which may be irritating or painful, and
skin stripping by adhesive tapes or dressings may
exacerbate skin irritation.

Applying hydrogel or sheets can produce a
cooling effect on itching skin. The hydrogel may
be covered with a semipermeable film to prevent
dehydration. Transcutaneous electrical nerve stim-
ulation (TENS) has also been reported as being
effective in relieving itching (Grocott, 2007).

Practice point

Aqueous cream with menthol is a simple, cost-effective,
topical application that has a cooling and soothing effect
while also moisturising the skin. This cream can be easily
made by a pharmacy and applied to itchy areas two to
three times a day, or as necessary (Naylor et al., 2001).

Infection

Due to the chronic nature of malignant wounds and
possible compromised immune system, malignant
wounds may not display classic signs of infection.
Instead, a sudden increase in wound symptoms,
such as pain, exudate and malodour, may be the first
indicators of wound infection. Generally, a wound
swab will be unhelpful due to high microorgan-
ism contamination of malignant wounds and the
likelihood that any infecting organism is located
deep within the necrotic tissue and difficult to
isolate.

Practice point

Systemic antibiotics may be useful if there are systemic
signs of infection, but blood supply to malignant wounds
is often poor, so the concentration of antibiotic at the
wound site may not be sufficient to have any local effect.
Therefore, topical antimicrobials or antiseptics are the
preferred choice to treat infection in malignant wounds,
for example metronidazole gel, silver-impregnated dress-
ings or medical-grade honey.

Bleeding

The underlying malignancy creates fragile and
disorganised blood vessels within the wound.
This, along with an abnormal platelet function
caused by tumour cell activity, predisposes malig-
nant wounds to bleeding. This usually occurs
as light-to-moderate superficial bleeding, but on
occasion bleeding can be profuse. Bleeding may
occur spontaneously, but is often a result of trauma,
particularly during dressing removal and wound
cleansing. Ulcerating malignant wounds that over-
lie superficial blood vessels, for example in the neck,
auxilla or groin, may erode a major blood vessel
causing profuse spontaneous bleeding, which can
be fatal. Although relatively rare, this is obviously
extremely distressing for the patient, their family
and healthcare staff.

Preventative strategies are vital in the manage-
ment of malignant wounds with a history of,
or potential for, bleeding. Non-adherent dressings
that maintain the wound in a moist environment
should always be used, and wounds should be
cleansed by irrigation or with a sterile gloved
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hand to prevent wound trauma. Oral or topical
antifibrinolytic drugs, such as tranexamic acid, may
also help to prevent bleeding (Dean, 1997).

For slow capillary oozing, topical application of
sucralfate paste or an alginate dressing may be
all that is needed (Emflorgo, 1998; Thomas et al.,
1998b), although alginate dressings should be used
with care on fragile tumours, as the ‘drawing’ action
may stimulate bleeding (Grocott, 1998).

Moderate-to-heavy bleeding may respond to a
haemostatic surgical dressing, which will usu-
ally produce rapid haemostasis. Alternatively, an
adrenaline soak (adrenaline 1:1000 on sterile gauze)
may be effective, as it causes local vasoconstric-
tion. Topical tranexamic acid, made by mixing a
crushed tablet with sterile water, can also be effec-
tive for moderate bleeding. Both adrenaline and
tranexamic acid will require a prescription on a
named patient basis, as they are not licensed for this
method of application. Continuous heavy bleeding
may need referral to a surgeon for cautery or vessel
ligation.

Practice point

If massive haemorrhage occurs due to erosion of a major
blood vessel, stay with the patient and call for assistance,
apply local pressure and packing to the bleeding point
(dark green or blue towels are ideal as they mask blood
stains) and monitor the patient’s pulse. Sedation may be
appropriate for distressed patients (usually with morphine
IV, IM or SC and/or Midazolam SC). It is important to
have a plan in place if haemorrhage is a potential
problem, including easy access to necessary equipment
and sedation, and relatives should be warned in advance
when possible.

Radiation skin damage

Around 60% of cancer patients receive radiation
therapy as part of their treatment. External beam
radiotherapy (teletherapy) will inevitably deliver
some portion of the dose to the skin, as the radia-
tion beam must pass through the skin to reach its
target. Consequently, patients develop both acute
and chronic skin changes. The degree of skin reac-
tion may be influenced by a number of factors:

� Treatment factors:
� high total dose of radiation;

� low-energy radiation or electrons;
� treatment of the head and neck, breast or

pelvic area;
� large volume of normal tissue included in

the treatment field;
� tangential treatment fields;
� use of ‘bolus’ materials.

� Patient factors:
� older age;
� immunosuppression;
� concurrent chemotherapy or steroid ther-

apy;
� poor nutritional status;
� tobacco smoking;
� chronic sun exposure.

Acute skin reactions develop as a result of radia-
tion disrupting cell division in the stratum basale.
As cells are lost from the skin surface through every-
day wear and tear, they are not replaced. Radia-
tion also induces vascular damage and activation of
proinflammatory and coagulation pathways, con-
tributing to a local inflammatory response (Stone
et al., 2003). Acute skin reactions only occur within
the radiation treatment field, and usually appear
within the first 2–3 weeks of treatment and may
persist for up to 8 weeks post-treatment.

These reactions are classified according to the
appearance of the skin:

� Erythema: redness, heat and oedema, accompa-
nied by burning and itching sensations;

� Dry desquamation: dry and flaky or peeling skin
with associated itching; hair loss may occur
within the treatment field;

� Moist desquamation: exposure of the dermis with
associated exudate production, pain and the risk
of infection;

� Necrosis: skin necrosis and ulcer formation
due to damage to capillaries and connective
tissue.

(Campbell and Lane, 1996; Rice, 1997;
Boots-Vickers and Eaton, 1999)

Radiation may stimulate melanocytes in the epi-
dermis, resulting in skin pigment changes within
the treatment field. The pigmentation may take
6 months or longer to fade.

Radiotherapy-induced late skin changes usually
appear around 3 months post-treatment or may
present years later, and result from damage to
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Table 12.2 Guidelines for managing acute radiotherapy skin reactions

Erythema and dry
desquamation

Simple, non-perfumed moisturising cream should be applied two to three times a day to
provide symptomatic relief and help maintain skin integrity

Apply 1% hydrocortisone cream sparingly, two to three times a day to itchy, irritable or
burning areas of the skin within the treatment field; do not use on areas of broken or infected
skin

Moist desquamation Hydrogel sheets applied to areas of moist desquamation will reduce discomfort and promote
healing; they are also cooling and soothing; amorphous (liquid) hydrogels may be used with a
secondary dressing in skin folds or the perineum

Hydrocolloid sheet dressings can be applied once radiotherapy treatment is finished; they
provide an aesthetically acceptable dressing that promotes comfort and healing

Other modern dressing products such as semipermeable films, alginates, hydrofibre or foams
may also be used and should be selected based on the presenting characteristics of the
wound

Source: Kearney and Richardson (2006).

connective tissue and blood vessels of the skin
and underlying tissues. Chronic skin changes may
present as:

� atrophy of the skin;
� fibrosis and thickening of skin;
� xerosis (dry skin);
� hypo- or hyperpigmentation;
� telangiectasia (small, dilated red blood vessels

within the skin);
� radiation-induced skin cancers;
� necrosis and ulceration following minor trauma

to the area of treated skin.
(Pearson and Mortimer, 2004)

Management of radiotherapy skin reactions

The initial aim is to delay onset and reduce the
severity of acute skin reactions through preventa-
tive measures. During treatment, the patient should
be advised to care for skin in the treatment field in
the following way:

� Wash area normally using warm water and a
mild, non-perfumed soap.

� Pat skin dry with a soft towel.
� Apply a simple moisturising cream two to three

times a day.
� Avoid deodorants and perfumed skincare

products.
� Avoid the use of flannels, brushes, loofah, etc.

� Wear loose comfortable clothing made of natu-
ral fibres, such as cotton.

� Protect the treated skin from extreme cold and
sunlight.

Numerous skincare products and regimens have
been used and recommended for the management
of acute skin reactions, but many have little or
no evidence to support their use (Glean et al.,
2001). While there is not a great deal of evidence
for any particular product as a preventative for
acute skin reactions, there is support for some
general guidelines on skin reaction management
(Table 12.2). There are also a number of prod-
ucts that are not recommended for skincare during
radiotherapy, such as petroleum jelly, prophylactic
topical antibiotics/antiseptics, talcum powder, corn
starch and gentian violet (Naylor and Mallett, 2001).
The management of late skin changes following
radiotherapy focus on maintaining skin integrity
and preventing further skin damage. Surgery may
be indicated for chronic radiation-induced skin
ulceration.

Wound dressings: special considerations

Malignant wounds present in a wide variety of
sizes, shapes and locations, from small, dry necrotic
skin lesions to extensive ulceration or large, pro-
truding nodular lesions. Add to this the difficult
wound symptoms, and finding a suitable dressing
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can be problematic. The majority of available dress-
ings are often an inappropriate shape and size, or do
not have the required characteristics incorporated
in a single product needed to manage a malignant
wound.

The wound shape and location can make dress-
ing retention an issue, and it is often neces-
sary to avoid adhesive products due to fragile
skin, maceration from exudate and skin stripping
from frequent dressing changes. Careful dress-
ing selection is also necessary to avoid pain and
bleeding caused by dressings adhering to the
wound.

Education and support

Not only are malignant wounds difficult for the
patient, they also appear to be particularly chal-
lenging for healthcare professionals. Qualitative
studies that have involved nurses have found that
these wounds have a significant impact on them
even many years after the episode of care (Wilkes
et al., 2003; Alexander, 2010). Nurses felt that they
were the most challenging and complex wounds
to deal with. While the nurses identified practi-
cal problems, such as malodour and application
of dressings to difficult areas, the more difficult
aspects of patient management were the struggle
with the patient’s bodily suffering and disfigure-
ment, a perceived invasion of privacy, feeling per-
sonally invaded (particularly by the malodour) and
feeling helpless (Lindahl et al., 2008; Alexander,
2010). It is therefore important to consider the sup-
port required by healthcare staff when they have to
deal with the complexities of caring for a patient
with a malignant wound. Nursing staff may also
need expert advice and support from a clinician
with experience in the care of malignant wounds
when assessing and developing a care plan for
malignant wound management. Managers will also
need to consider workload priorities when a patient
with a large and/or complex malignant wound is
admitted to their service. Not only will wound care
activities be time-consuming, the additional psy-
chological support required may add to nursing
time spent with the patient.

A number of strategies aimed at improving or
controlling wound-related symptoms will reduce
the impact of the wound on the patient. The effec-
tive management of wound exudate and odour

leads to increased levels of patient confidence and
comfort. Appropriate wound management attend-
ing to the patient’s outward appearance can have
a very positive effect on self-esteem and emotional
distress. Devising a cosmetically acceptable dress-
ing regime that restores body symmetry is impor-
tant to allow the patient to continue an active social
life, maintain a sense of normality and have confi-
dence in social situations.

Provision of specialist services

As malignant wounds are relatively uncommon
when compared to other types of chronic wounds,
there are no services specialising in the care of
these wounds. However, some wound care special-
ists, oncology specialist nurses and palliative care
specialists do have greater clinical experience and
knowledge in the care of malignant wounds. There-
fore, advice from a local provider of these services
should always be sought if the wound is proving too
difficult to manage. It is very challenging to man-
age a complex malignant wound without support
of colleagues; a team approach is always recom-
mended.

Formal or informal counselling will also be
helpful, along with spiritual care according to
the patient’s beliefs. The patient and their family
should have appropriate social support, as this will
decrease stress and anxiety. A great deal of this sup-
portive care can be provided by a specialist pallia-
tive care service, so their involvement should be
encouraged if available and the patient agrees.

Criteria for specialist referral

Criteria for specialist referral include the following:

� Any person presenting with a previously undi-
agnosed malignant wound, or a diagnoses of
malignancy in a chronic wound should be
referred to a specialist oncologist for evaluation
of anticancer therapy.

� Referral to hospice service/specialist pallia-
tive care team, if available, may be appropri-
ate, even if anticancer therapy is going to be
given. The palliative care team will be able to
offer symptom management advice, as well as
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psychological and social support for the person
and their family.

� Depending on expertise, referral to a specialist
wound service/professional may also be appro-
priate if symptoms are proving difficult to con-
trol, and for specific advice on wound care
products.

Summary

Not only do malignant wounds present with
difficult-to-manage symptoms, they are also
distressing to patients, their family and carers, and
healthcare staff. Therefore, a holistic approach to
patient assessment is a key starting point to effec-
tive management. In addition, a multidisciplinary
approach is required to address patients’ needs
across the spectrum of physical, psychological,
social and spiritual problems.

Malignant wounds are relatively rare and occur
in a population with complex health problems,
and therefore they are infrequently the subject of
research. Thus, there continues to be a lack of high-
quality research-based evidence to guide manage-
ment of these difficult wounds. To date, research
that is available has tended to focus on the psycho-
logical and social impact of these wounds, which
is vital to inform patient care, but practical care
of the wound itself still relies on translating evi-
dence from other chronic wounds; this extends to
the development and design of dressing products
as well. There is, therefore, a need for ongoing clin-
ical research to establish best practice in the care of
malignant wounds and allow for the development
of evidence-based guidance.

Useful resources

Scottish Intercollegiate Guidelines Network. Control of
pain in adults with cancer. Available at: http://www.
sign.ac.uk/guidelines/fulltext/106/index.html

NHS Clinical Knowledge Summaries. Palliative cancer
care – Malignant ulcer of the skin – Management. Available
at: http://www.cks.nhs.uk/palliative_cancer_care_
malignant_ulcer#

Guidelines for Wound Management in Palliative Care. Avail-
able at: http://www.nzwcs.org.nz/images/stories/
files/woundmanagementguidelines-text.pdf

CancerNursing.org – Free online courses
Wound Management in Cancer and Palliative Care. Avail-

able at: http://www.cancernursing.org/courses/
currentcourses/full.asp?CourseID=42

Introduction to Palliative Care Nursing. Available at: http://
www.cancernursing.org/courses/currentcourses/full.
asp?CourseID=34

BC Cancer Agency. Nursing Practice Reference – Care of
Malignant Wounds. Available at: http://www.bccancer.
bc.ca/HPI/CancerManagementGuidelines/Supportive
Care/ChronicUlceratingMalignantSkinLesions/
default.htm

Macmillan Cancer Support. Fungating cancer wounds.
Available at: http://www.macmillan.org.uk/
Cancerinformation/Livingwithandaftercancer/
Symptomssideeffects/Othersymptomssideeffects/
Fungatingwounds.aspx
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Overview
� The skin is an important and highly visible organ. Skin breakdown affects a significant number of people each year and

has a major impact on sufferers, relatives and their carers.
� The majority of people with skin conditions will self-care, with only a relatively small proportion opting to seek further

advice, usually from a non-specialist doctor or nurse in the community.
� In some geographical areas, there is a lack of publically funded dermatologists. This often means that patients with common

inflammatory skin conditions have limited specialist support and may rely on local traditional remedies or over-the-counter
treatment.

� There are a range of dermatological conditions that wound care practitioners will come into contact with, such as eczema,
allergic dermatitis, cellulitis, ‘red legs’ and skin cancers. These need to be recognised in order to optimise prevention,
assessment and management of a patient with a skin integrity problem.

� The development of combined clinics, where dermatology and wound management teams work closely together to manage
patients with chronic wounds such as leg ulcers, is beneficial, particularly in areas where specialist resources are scarce.

Introduction

This is an important chapter for healthcare profes-
sionals managing people with wounds and skin
integrity problems. Whilst continuity and collab-
oration among multidisciplinary teams including
tissue viability and other specialities such as derma-
tology, immunology, plastic surgery, lymphovas-
cular medicine and care of the elderly are essen-
tial to ensure optimal patient care, each member of

the multidisciplinary team should have some basic
understanding of related clinical areas. This is par-
ticularly relevant in situations where ready access
to other specialities is limited. There is evidence in
the United Kingdom that the level of training and
knowledge of a range of healthcare professionals
in skin disease is limited and probably inadequate
(Schofield et al., 2009). In particular, neither prereg-
istration nurse training nor undergraduate medi-
cal training includes compulsory dermatology and
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skin integrity education (Davies and Burge, 2009).
There are also large numbers of clinicians, who
are able to prescribe widely for patients with skin
conditions and compromised skin integrity, who
receive little or no training in skin disorders. This
chapter seeks to raise awareness about the bur-
den of skin disease and the importance of under-
standing dermatological disease when managing
a patient with wounds and skin integrity prob-
lems. Chronic skin conditions are considered first
as they are commoner in everyday practice; how-
ever, it is also important to be able to recognise and
manage the more commonly presenting acute skin
conditions.

Prevalence and incidence of skin disease

A healthcare needs assessment (HCNA) on skin
conditions in the United Kingdom provides good
evidence that skin disease is common with stud-
ies from unselected populations around the world
suggesting that around 23–33% have a skin prob-
lem that can benefit from medical care at any one
time (Schofield et al., 2009). In the United Kingdom,
surveys suggest that around 54% of the population
experience a skin condition in a given 12-month
period. Most (69%) of these people will self-care,
but around 14% will seek further medical advice,
usually from a doctor or nurse in the community. In
England and Wales, patients are required to attend
their primary care general practitioner before being
referred for a specialist opinion; there is good data
showing that skin conditions are the most frequent
reason for people to consult their general practi-
tioner with a new problem. About 24% of the pop-
ulation in England and Wales (12.9 million people)
visited their general practitioner with a skin prob-
lem in 2006. People die from skin conditions. For
example, in the United Kingdom in 2010, there were
4297 deaths due to skin disease, of which nearly half
were due to malignant melanoma. Other causes of
death from skin disease include cutaneous squa-
mous cell carcinoma (SCC).

Quality of life

The impact of skin disease on quality of life is well
documented and it is known that skin diseases such
as psoriasis, atopic eczema and acne can have a

significant impact on the quality of life and that
this impairment can be greater at times than for
life-threatening conditions such as cancers (Harlow
et al., 2000; Basra and Finlay, 2007). There is strong
evidence that many common skin diseases are also
associated with significant psychosocial morbidity,
which may go unrecognised without the use of
appropriate assessment tools (Picardi et al., 2000).
Some of this is due to the public’s view that skin
appearance is as important as, if not more impor-
tant than, disability and loss of function.

Cost of skin diseases

There are significant costs both to individuals and
to healthcare systems in the management of skin
disease (Diepgen, 2006). Whilst many of these costs
relate to long-term skin conditions such as psoriasis
and eczema, there are also significant costs related
to the management of patients with skin conditions
related to loss of skin integrity both in community
settings and in hospital and will be considered later
in this chapter. These conditions, and other types
of skin disease, such as hand dermatitis, cause dis-
ability and loss of earnings (Schofield et al., 2009).

What skin conditions are common?

The spectrum of skin disease seen in different geo-
graphical areas and practice settings varies (Lopez
and Murray, 1998; Bickers et al., 2006). For exam-
ple, the common reasons that people present to
the general practitioner in England and Wales are
for the management of skin infections and eczema
but the commonest reasons that people are referred
for specialist outpatient dermatology advice is for
the diagnosis and management of skin lesions (in
particular skin cancer), eczema, psoriasis and acne
(Schofield et al., 2009). With regard to hospital
admissions in the United Kingdom, cellulitis is the
commonest reason for people to be admitted to hos-
pital with a skin condition and these admissions
are nearly all emergency admissions. Most patients
admitted with cellulitis have a limb affected, and
the mean length of hospital stay is approximately
7 days. It is also well recognised that inpatients
admitted with other medical problems often have
coexisting dermatology problems requiring special-
ist dermatology input involving the diagnosis and
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management of a range of conditions. The common-
est of these are listed below:

� skin conditions related to venous and gravita-
tional stasis eczema;

� leg ulcers and their management;
� allergic contact dermatitis developing in

patients with problems of skin integrity using
topical products;

� skin cancer;
� skin changes in the elderly such as asteatotic

eczema;
� skin disease related to systemic medical con-

ditions such as cutaneous vasculitis and pyo-
derma gangrenosum;

� drug reactions, including very rare ‘sick skin’
conditions such as toxic epidermal necrolysis.

Why is knowing about skin disease
important?

First and foremost an understanding of basic good
skin care is important in order to optimise heal-
ing and maintain skin barrier function. This is par-
ticularly important in the elderly. There are also
a broad range of dermatological factors that need
to be recognised in order to optimise prevention,
assessment and management of a patient with a
skin integrity problem. This can be demonstrated
by the following clinical situations that the health-
care professional may encounter when managing a
patient with altered skin integrity:

� Prevention: A patient presents with varicose
eczema. Management of the varicose eczema
may prevent the development of venous ulcer-
ation.

� Assessment: A patient with inflammatory bowel
disease presents with an acute enlarging wound
due to pyoderma gangrenosum. The wound
will not respond to conventional wound man-
agement alone. The key here is to confirm the
diagnosis and start oral prednisolone, a treat-
ment that would be contra-indicated in the man-
agement of most wounds.

� Management: A patient with a chronic venous
leg ulcer develops an acute widespread eczema
affecting the leg first and then the rest of the
body. Recognition and management of a possi-
ble allergic contact dermatitis to a topical prepa-
ration is key to optimising care.

� Reassessment: Objective reassessment of a leg
ulcer shows that it has failed to shrink or heal
after 12 weeks of optimal therapy. Could this
be a SSC rather than a chronic venous ulcer, as
initially thought?

Management principles

Assessment considerations

There are some key points relevant to general med-
ical problems and, specifically, dermatological dis-
ease that can be established as part of the patient
assessment.

Medical history

When taking a patient’s medical history it is impor-
tant to identify the following medical problems:

� Diabetes mellitus: This can lead to impaired heal-
ing, peripheral neuropathy and vasculopathy.

� History of hypertension, angina and heart attacks:
These are features of ischaemic heart disease.
This can be associated with heart failure and leg
oedema. The patient may also have peripheral
vascular disease (see below).

� Peripheral vascular disease: It can present with leg
pain, which may just occur on exercise (inter-
mittent claudication) or at rest when it is usually
worse when the foot is elevated.

� Other general medical problems such as
anaemia, inflammatory bowel disease, renal
impairment or liver disease. These conditions
have associated cutaneous manifestations such
as pruritus in anaemia, liver and kidney dis-
ease. Pyoderma gangrenosum is associated with
inflammatory bowel disease.

Skin disease and skin care

Ask about the following:

� History of eczema or psoriasis or any other skin
condition. If the patient admits to a skin con-
dition, ask how long it has been present, and
try to identify aggravating or relieving factors.
In particular, ask which treatments are currently
being used and whether they help. A history of
eczema may mean that the patient has a skin
that is more sensitive to irritants. Patients with
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psoriasis can demonstrate a phenomenon called
koebnerisation which is when psoriasis devel-
ops in a break in the skin.

� What is the patient’s daily skin care regimen? This
is important because many patients use a range
of products that can be irritant to the skin. This
includes antiseptic creams, some shower gels
and soaps, and alcohol wipes. Some patients
may have developed true allergy to a product
they are using, although this is more unusual.

What medication is the patient taking?

Understanding a patient’s medication is important
for two reasons:

� a skin problem may be a reaction to a medica-
tion;

� the medication will give clues to general med-
ical conditions which the patient may not have
mentioned.

Are there any known allergies?

Understanding a patient’s allergies is important for
two reasons:

� so that the healthcare professional avoids the
use of a medication or topical treatment that
may exacerbate or precipitate a problem;

� to clarify whether any of the current problems
could be related to an allergic reaction to a prod-
uct being used.

Patient examination: general considerations

Start your examination by getting an idea of the
patient’s general condition. For example, ask your-
self whether the patient looks generally well or ill.
It is useful to take the patient’s temperature in a
patient with red legs to help assess whether the
problem is an infection or dermatitis. In a patient
with swollen legs, it will be useful to get an idea
of whether the patient has any cardiovascular/
respiratory problems.

Skin examination

Wherever possible, and particularly where the
patient has an obvious skin problem, the entire

skin should be examined as well as hair, nails and
mucosal surfaces. Good lighting is important and a
magnifying glass is also useful. Without experience
in dermatology you cannot be expected to know
the correct terminology to use but there are some
simple tips that will help you to be able to describe
or discuss skin problems with other members of
the multidisciplinary team. For example, check all
over for dry skin, signs of scratching (excoriations),
a widespread rash and any suspicious-looking skin
lesions. Get an idea of the distribution, the extent
and colour of any skin problem, the sites involved,
symmetry, shape and arrangement. It may be help-
ful to touch the skin, for example if you suspect
cellulitis then the abnormal skin will feel warmer
than the surrounding normal skin. Examine the hair
and nails and have a look at mucosal surfaces such
as the conjunctivae, lips, gums, tongue and buccal
mucosa. In drug reactions or blistering disorders,
oral and genital ulceration may also be present.

Important common skin problems and
their management

Long-term skin conditions

Eczema/dermatitis

The clinical features of all types of eczema and der-
matitis are similar and include dry skin which is
often red and scaly, sometimes with weeping. Typ-
ically, eczema is very itchy, and constant scratching
can lead to secondary infection or impetiginisation.
The management of all types of eczema is similar
and is discussed at the end of this section.

Understanding the range of different types of
dermatitis and eczema can be confusing for the
non-specialist. By and large, the term eczema is
used to describe poorly demarcated skin inflamma-
tion with surface changes such as scaling or thick-
ening arising from an endogenous (from within)
process, as opposed to those caused by exter-
nal agents, where the term contact dermatitis is
often used. Atopic eczema is by far the common-
est endogenous eczema and occurs mainly in chil-
dren and young adults and, although healthcare
professionals should be aware of atopic eczema as
it is so common, it is more likely that practitioners
will encounter other types of endogenous eczema
such as asteatotic, gravitational stasis and varicose
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eczema. By contrast, dermatitis is the term usually
used to suggest an external factor, and contact der-
matitis describes an inflammatory response occur-
ring as a result of contact with external factors such
as irritants or specific allergens.

Endogenous eczema

Asteatotic eczema
Asteatotic eczema is a common type of eczema that
occurs typically on the lower legs of the elderly and
is due to very dry skin. Asteatosis means ‘with-
out oil’ and the condition occurs as a result of lack
of fatty acids in the skin. Because the skin is dry,
it no longer works as an effective barrier and so
soaps and other irritant products such as bubble
baths or shower gels tend to cause an inflammatory
(eczematous response). The condition is also known
as eczema craquele because the clinical appearance
is ‘cracked’ (Figure 13.1). Although the condition
is most commonly seen on the lower legs, it can
be very widespread affecting the trunk and upper
limbs. Typically, the skin is itchy and scratching
exacerbates the problem.

Varicose and gravitational eczema
These terms are often used interchangeably by clin-
icians but this is not recommended. The term vari-
cose eczema should be reserved for an eczematous
change occurring on the lower legs in association
with chronic venous disease. The prerequisite for
this diagnosis is therefore an abnormality of venous
return in the lower limb leading to venous hyper-
tension and stasis. This may be secondary to a pre-

Figure 13.1 Typical appearance of asteatotic eczema in an
elderly person. Photo courtesy of Annette Aldridge.

vious deep venous thrombosis and venous eczema
can therefore be unilateral.

Gravitational eczema in contrast is usually bilat-
eral and usually occurs secondary to chronic lower
limb oedema such as heart failure. The clinical fea-
tures of the eczematous changes will be similar with
either discrete patches of eczema or circumferential
changes. The term stasis is added to both of these
terms, merely implying a degree of stasis of venous
return in both situations. Although the manage-
ment of the eczema will be the same in both condi-
tions, the management of varicose eczema involves
compression stockings whilst gravitational eczema
may require modification of diuretic therapy in the
first instance. Hence, it is important to be very spe-
cific, if possible, when using these terms. Inevitably
in some patients both conditions will coexist and
a dual approach to management of the underlying
pathological process will be required.

Contact dermatitis

There are two types of contact dermatitis that look
similar but are differentiated by their history. The
distinction is important as investigations and man-
agement differ.

Irritant contact dermatitis
Irritant contact dermatitis is much commoner than
allergic contact dermatitis and is due to frequent
exposure to irritants such as soaps and detergents,
for example in hairdressers and healthcare profes-
sionals. Anybody exposed to enough irritants is
likely to develop irritant contact dermatitis, typ-
ically on the hands. However, trapped exudate
under bandages or dressings may lead to irritant
contact dermatitis and is often seen in patients with
exudating venous leg ulcers. The skin damage is
usually seen immediately below the wound where
fluid leaks or collects under the influence of gravity.

Excessive washing with irritant products, such
as soaps and shower gels, in patients with frag-
ile skin such as the elderly, can also cause an irri-
tant contact dermatitis (Figure 13.2). Incontinence-
associated dermatitis (IAD) (see Chapter 2) is a type
of irritant contact dermatitis that can be associated
with pressure damage.

Allergic contact dermatitis
In allergic contact dermatitis, the individual
develops a delayed hypersensitivity response to
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Figure 13.2 Typical appearance of varicose eczema typically
associated with venous leg ulceration. Photo courtesy of Julia
Schofield.

potential sensitising agents such as metals, per-
fumes, preservatives or rubber. Common skin sen-
sitising agents can be seen in Table 13.1 and many
vary in different geographical locations.

Only those people who are sensitised to that
substance will develop a reaction, i.e. it is an
idiosyncratic response. Allergic contact dermatitis
is common in leg ulcer patients who have been
exposed to lots of topical preparations over a long
period of time when sensitisation occurs. They may
have been using a product for some time before a
reaction occurs so it is important to take a good
history.

Variations in sensitisation to topical treatments
occur in different countries which reflect local
practices and availability of topical treatments, for
example an increase in sensitivity to Balsam of Peru
in leg ulcer patients in France was noted by Machet
et al. (2004) in a retrospective review of sensitisation
to topical treatments. Although a global decrease in

sensitisation rate with lanolin has been observed
during the past 10 years, an increase in sensitisa-
tion to glucocorticoids and hydrogels is now being
reported. Newer topical treatments and dressing
products generally have very low rates of sensitiv-
ity with the exception of hydrogels (Machet et al.,
2004).

Distinguishing between irritant and allergic
contact dermatitis
Making a distinction between the two types of con-
tact dermatitis can be difficult and requires special-
ist investigation using patch testing. This investiga-
tion requires specialist training and is provided by
most consultant dermatologists in district general
hospitals, with supra-specialist services providing
regional patch testing services. A standard battery
of allergens at non-irritant concentrations is applied
to a patient’s back using special chambers within an
adherent patch. These are then removed 48 hours
later, and a reading of the results is usually done at
96 hours after application.

A wide range of different allergen series is
required for different suspected allergies. The skills
needed for preparation and interpretation of the
results require that this is an investigation that
should be performed by dermatology specialists.
When allergen positivity is demonstrated, provided
it is relevant to the clinical condition, then aller-
gen avoidance is recommended and may lead to
cure of the dermatitis. In contrast, the management
of irritant contact dermatitis requires attention to
skin care and the avoidance of potential external
irritants, such as excessive soap and wet work,
which can be difficult to achieve in work places
that require very frequent hand washing, such as
nursing (Saary et al., 2005).

Table 13.1 Potential skin-sensitising agents

Potential allergen Source

Rubber Latex gloves, some elastic bandages, hosiery
Fragrances Bath oils, moisturisers, cosmetics and baby products
Nickel Jewellery, pens, razors, scissors
Lanolin Bath additives, moisturisers, emollients, cosmetics and baby products
Topical antibiotics Creams and ointments, e.g. neomycin, gentamicin
Emulsifier Most creams/ointments including aqueous cream and steroids
Balsam of Peru Creams, ointments, perfumes, cosmetics
Colophony Sap from pine trees used to make medical adhesives, first-aid ointments, cleaning products

Source: Katsarou-Katsari et al. (1998), Diepgen et al. (2007).
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Management of eczema

The key principles for the management of eczema
are as follows:

� Avoidance of all irritants. This includes soaps,
bubble baths, alcohol wipes, fabric condition-
ers and biological washing powders. Aque-
ous cream, which can be used as a soap sub-
stitute, can be an irritant in some patients if
left on the skin as it contains sodium lauryl
sulphate.

� Avoid the use of a wash-off soap substitutes
such as aqueous cream or emulsifying ointment.

� Avoid the regular use of a ‘leave-on’ emollient
to improve barrier function and correct dry
skin. Greasier products are more effective than
creams. The latter do not form a effective bar-
rier and also contain preservatives which can
act as contact sensitisers leading to the devel-
opment of allergic contact dermatitis. Examples
of greasy ‘leave-on’ emollients include emulsi-
fying ointment and liquid paraffin:white soft
paraffin in a ratio of 50:50. There are a range
of proprietary products available and these will
differ from country to country.

� Topical steroids are an essential part of the
management of all types of eczema. In adults,
a moderately potent or potent topical steroid
is recommended. Short sharp bursts of more
potent topical steroids are probably safer
than prolonged courses of less-potent topical
steroids. Steroid absorption is increased under
occlusion which can work to advantage if used
under dressings and bandages. Long-term side
effects such as steroid atrophy can occur, but
usually with prolonged use of potent topical
steroids applied to normal skin.

Practice point

Topical steroids are classified by potency (e.g. mild, mod-
erate, potent) of the topical steroid molecules. Potency
can be altered by drug concentration and formula-
tion e.g. cream or ointment and is an intrinsic prop-
erty of the drug and not the same as concentration.
Potency ranking is important to predict possible adverse
effects.

Product labelling includes drug concentration and not
potency which can be confusing. Concentration refers to

the amount of steroid in the formulation e.g. clobetasone
butyrate 0.05% and does not describe potency of the top-
ical steroid. Clobetasone butyrate 0.05% has moderate
potency, whereas, 1% Hydrocortisone has mild potency.
It is often incorrectly thought that topical steroid drug
concentration relates to potency. In fact, Betamethasone
Diproprionate 0.05% is more potent than Hydrocortisone
1% despite the concentration of Betamethasone Dipro-
pionate 0.05% being one-fifth of the concentration of
Hydrocortisone 1% (Berth-Jones, 2010)

Topical steroids should only be used to control eczema
if the above treatment has not been effective, e.g. avoid-
ance of irritants, use of soap substitutes and regular use of
emollients. Greasier emollients such as emulsifying oint-
ment are particularly useful to protect the periwound skin
surrounding venous leg ulcers. Topical steroids should
only be used under the supervision of practitioners who
have expertise with their use.

It is essential that even when the skin has recovered and
the topical steroid use has discontinued, there is contin-
ued avoidance of irritants and use of a soap substitute and
leave-on emollient. This should prevent the recurrence of
symptoms and a flare of eczema.

Indications for specialist referral

The indications for specialist referral for patients
with eczema include the following:

� failure to respond to topical therapy outlined
above;

� for the investigation of suspected allergic con-
tact dermatitis using patch testing;

� diagnostic uncertainty: if the condition does not
respond to the measures above then the diagno-
sis may be incorrect.

Practice point

You can perform a simple patch test of a dressing or top-
ical preparation yourself. Apply a small amount of the
product to the skin under a piece of gauze fixed with tape
to the forearm. After 48 hours, remove the dressing and
the suspected allergen, marking clearly with a skin marker
pen where the suspected allergen was applied. Check the
skin after a further 48 hours and if the skin is normal then
the patient does not have an allergic contact dermatitis to
the product. If the skin reacts by becoming red, itchy and
oedematous within the first 48 hours after the potential
allergen has been removed this suggests that the patient
may have sensitive skin that has become irritated by
the product.
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Psoriasis

Psoriasis is a common chronic inflammatory dis-
ease of the skin arising from a complex interaction
between multiple genes, immunological and sys-
temic and environmental factors (Gelfand et al.,
2005). It is characterised by well-demarcated scaly
plaques which tend to affect the backs of the elbows,
knees, lower back, scalp and nails. Psoriasis may
also be associated with arthritis (psoriatic arthri-
tis) which can occur in a number of forms. As
previously mentioned, patients with psoriasis can
demonstrate a phenomenon called koebnerisation
which is when psoriasis develops at the site of a
break in the skin. Skin injuries caused by shaving,
vaccinations, sunburn, surgery, pressure damage
or adhesive dressings or tapes can make psoriasis
worse.

Management

In addition to the provision of information about
long-term management of psoriasis, management
involves a range of topical therapies which include
vitamin D analogues and tar (Brown et al., 2009).
Topical steroids are sometimes used for sensi-
tive areas but are usually to be avoided as they
can cause psoriasis to become unstable. Second-
line treatments of psoriasis include phototherapy
and a range of immunosuppressant agents such
as methotrexate, ciclosporin and newer biologi-
cal therapies for severe recalcitrant disease. Oral
retinoids such as acitretin are also used.

Indications for specialist referral

The indications for specialist referral include the
following:

� diagnostic uncertainty;
� the need for second-line treatments.

Acute skin conditions

Cellulitis

Cellulitis represents a bacterial skin infection which
usually affects a limb. The lower limbs are most
commonly involved although any part of the body
can develop cellulitis. The features of cellulitis
include redness and swelling with increase in tem-
perature of the skin. In more severe cases, blisters
and, later, ulceration can occur. Although cellulitis

is often localised, it can be extensive and patients
can become quite unwell with malaise, fever and
rigors. Sometimes there will be lymphangitis,
which is manifest by a linear redness from the cel-
lulitic area to the regional lymph nodes which may
be swollen and tender. The skin often desquamates
as the cellulitis resolves. In severe cases, septi-
caemia may occur and rarely necrotising fasciitis
may occur which can be life-threatening. Any break
in the skin can predispose to the development of
cellulitis but there are particular systemic and local
factors which make cellulitis more likely to occur.

These include the following:

General:

� diabetes mellitus;
� obesity;
� immunosuppression;
� pregnancy.

Local factors:

� peripheral vascular disease and/or oedema;
� previous episodes of cellulitis;
� venous disease +/− venous ulceration;
� lymphoedema including post-radiotherapy;
� recent injury such as trauma or surgical wound;
� tinea pedis/unguium (fungal skin or nail infec-

tion) of the affected limb.

Fungal skin infection has been shown to be a sig-
nificant and easily treated risk factor for lower limb
cellulitis (Lewis et al., 2006; Halpern et al., 2008).
All patients who develop cellulitis of the lower limb
should be examined and if appropriate treated for
cutaneous fungal infection.

Management

As cellulitis is caused by a bacterial infection, the
treatment is antibiotics. The commonest organism
is Streptococcus pyogenes and less commonly Staphy-
lococcus aureus. Appropriate antibiotics need to be
prescribed and penicillin and flucloxacillin repre-
sent a sensible choice to cover both organisms. Local
antibiotic prescribing policy and advice from the
microbiologist should be sought, for example in
penicillin-allergic patients. Many patients can be
treated with oral antibiotics, but if there are signs
of systemic illness then intravenous antibiotics and
support may be necessary (Phoenix et al., 2012). In
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some centres this can be arranged in an outpatient
setting or in a dedicated dermatology clinic, but if
the patient is very unwell and there is any question
of the development of necrotising fasciitis then hos-
pitalisation is required (Wingfield et al., 2012).

Antibiotic therapy should be continued until
there is no remaining evidence of infection (redness,
pain or swelling) and this may be up to 14 days in
some cases. Elevation of the limb to reduce swelling
is important. Other general measures such as aspi-
ration of blister fluid and attention to skin care are
usually recommended (see Chapter 11).

Practice point

It is essential to identify and manage the underlying cause
of the cellulitis to prevent recurrence. In patients with
recurrent cellulitis secondary to conditions such as lym-
phoedema, long-term antibiotics may be necessary to pre-
vent recurrence.

Indications for specialist referral

� patients with cellulitis who are unwell, par-
ticularly with fever and rapidly developing
cellulitis;

� patients with recurrent cellulitis where further
investigation and/or management of the under-
lying cause is necessary.

Practice point

Remember, that the elderly sometimes do not develop
obvious signs of systemic infection such as fever but may
have non-specific signs of systemic infection such as con-
fusion, falls and drowsiness.

Pyoderma gangrenosum

Pyoderma gangrenosum is a relatively rare condi-
tion that causes painful, rapidly enlarging ulcera-
tion usually on the lower limb. This is commoner
in people over 50 years of age. There are a range
of underlying conditions that may predispose to
the development of this condition and the common
associations include the following:

� rheumatoid arthritis;
� inflammatory bowel disease (ulcerative colitis

and Crohn’s disease).

Figure 13.3 Ulceration associated with pyoderma gang-
renosum. Photo courtesy of Annette Aldridge.

In a large number of patients no underlying cause
is identified. The condition starts suddenly some-
times at the site of minor trauma as a pustule or
patch of redness but the ulceration then develops
rapidly and the resulting ulcer is deep and painful.
The ulcer usually has an obvious purplish sur-
rounding edge as seen in Figure 13.3. Ulcers may be
multiple and sometimes coalesce. Even with correct
management at an early stage, pyoderma gangreno-
sum can take a long time to heal and significant
scarring is common.

Management

There is no role for surgery in the management of
pyoderma gangrenosum; indeed surgical debride-
ment is to be avoided as this can result in enlarge-
ment of the ulcer. Management of any underlying
relevant systemic disease, such as inflammatory
bowel disease, is essential as this may lead to an
improvement in the pyoderma gangrenosum. A
range of treatments are used depending upon the
size and severity of the lesion. These include the
following topical treatments:

� For small ulcers, a trial of potent topical
steroids may be appropriate for 2–4 weeks. If
no improvement is seen, then they should be
discontinued.

� Appropriate wound care management should
be done, including moist wound management
and compression bandaging for a lower limb
if there is no contra-indication, for example
ischemia.
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Systemic treatments that are used to treat pyo-
derma gangrenosum include the following:

� long-term dapsone and/or minocycline;
� systemic steroids;
� other immunosuppressant agents such as

ciclosporin.

If there is surrounding secondary cellulitis then
antibiotic therapy may be appropriate, but antibi-
otic therapy is not helpful for uncomplicated pyo-
derma gangrenosum.

Indications for specialist referral

� If this diagnosis is suspected then the patient
should be referred for specialist assessment and
treatment.

‘Red legs’

The term ‘red legs’ is descriptive and not a true
pathological diagnoses. Patients are often admit-
ted to hospital with ‘red legs’ and many are
treated empirically as having acute bilateral celluli-
tis. Bilateral cellulitis is uncommon and the more
likely diagnosis in these patients is gravitational or
venous eczema with or without secondary infec-
tion or allergic contact dermatitis or irritant con-
tact dermatitis (see Figure 13.4). It is important to
assess these patients appropriately to avoid unnec-
essary hospital admissions and intravenous antibi-
otic therapy (Wingfield et al., 2009).

Practice point

The key questions to ask when trying to determine the
cause of ‘red legs’ are as follows:

(1) Is the patient ill?
(2) Does the patient have fever?
(3) What are the inflammatory markers? Are they ele-

vated and suggestive of infection?

If the answer to one or more of these questions is
yes, it is likely that the patient may have cellulitis or
infected eczema (see Figure 13.4). If the answer to all
three questions is no, then it is more likely that the
patient has a primary dermatological problem which
can be managed with topical treatments, probably in an
outpatient setting. Some acute providers of dermatology
services provide a ‘red leg’ assessment service which can
usefully assess these patients and initiate an appropriate
management plan.

Figure 13.4 Patient with ‘red legs’. Photo courtesy of
Madeleine Flanagan.

Skin cancer and precancer

Introduction

Skin lesions account for about 50% of a UK der-
matologist’s workload relating to the diagnosis
and management of skin cancer and precancer
(Schofield et al., 2009). The incidence of these con-
ditions is increasing year on year and so it is impor-
tant to have an understanding of the common
types of skin cancer and precancer. This section
describes the aetiology and clinical features of these
lesions.

Precancerous lesions

There are several so-called precancerous skin
lesions of which the commonest that may be
encountered in the context of skin integrity are solar
keratoses and Bowen’s disease. Whilst not truly
benign, these conditions are not quite malignant.
Solar keratoses are common on the sun-damaged
skin of the elderly. Their association with the devel-
opment of squamous cell carcinoma (SCC) is not
clear-cut and spontaneous resolution of solar ker-
atoses often occurs. Bowen’s disease is less common
but has the potential to progress to SCC.

Actinic keratosis

Solar keratoses are common on the light-exposed
skin of fair-skinned people who have had a large
amount of cumulative sun exposure. The relation-
ship between sunlight and the development of solar
keratoses is well documented (Marks et al., 1988).
There is debate about the likelihood of malignant
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change but it is generally accepted that the risk of
transformation is very small, except in patients on
long-term immunosuppression where this is a very
real risk (Alam and Ratner, 2001). The characteristic
appearance is that of a pink, scaly, warty, keratotic
lesion on the face, scalp, ears and backs of the hands.
The diagnosis is often confirmed by gently feeling
the surface. Solar keratosis produces a rough, catch-
ing surface.

Bowen’s disease

Bowen’s disease is less common than solar ker-
atosis and represents a skin tumour which has
progressed one stage closer to the development
of SCC. Also known as intraepidermal carci-
noma in situ (the equivalent of cervical intraep-
ithelial neoplasia in cervical cytology), it has the
capacity to inevitably transform to SCC, although
this may take many years. Spontaneous resolu-
tion does not occur. Bowen’s disease presents
as a persistent, well-demarcated, erythematous,
scaly plaque on the lower limb of elderly people
(Figure 13.5).

The plaque enlarges and may reach several cen-
timetres in diameter. It may be easily confused with
skin changes associated with venous ulceration.

Skin cancer

Skin cancer is the commonest type of cancer in
human beings (Martinez and Otley, 2001). Skin can-
cers can be divided into two main types: melanoma
and non-melanoma skin cancers (NMSC). NMSCs
are principally basal cell carcinoma (BCC) or SCC,

Figure 13.5 A patch of Bowen’s disease on the lower leg.
Photo courtesy of Julia Schofield.

although there are also other, rarer types such as
cutaneous T-cell lymphoma.

Non-melanoma skin cancer

Age, skin type and amount of exposure to ultra-
violet radiation are the key risk factors for NMSC.
There are a number of other clinical situations that
lead to patients having a predisposition to devel-
oping NMSC, the most important of these being as
follows:

� People with so-called precursor lesions such as
Bowen’s disease and actinic keratoses: proba-
bly about 4–6% of Bowen’s disease transforms
to SCC (Eedy, 2000) and for actinic keratoses,
transformation rates to SCC of 0.025–20% are
reported (Alam and Ratner, 2001).

� Patients with a past history of NMSC: the risk
of developing a second SCC within 3 years of
having one is about 18%, and the risk of devel-
oping a second BCC within 3 years of having a
BCC (or SCC) is about 44% (Marcil and Stern,
2000).

� Patients with long-term immunosuppression or
altered immunity: particularly following renal
transplant, where a 500-fold increased risk of
NMSC has been reported (Hartevelt et al.,
1990).

� BCCs very rarely metastasise but SCCs do, and
mortality from NMSC is usually as a result of
metastatic spread from SCC.

Basal cell carcinoma
BCC, also known as rodent ulcer, is the common-
est type of skin cancer in Caucasian skin. This
tumour is much commoner than any of the other
malignant or pre-malignant tumours discussed in
this chapter. Indeed it is the commonest form of
malignant disease (Richmond-Sinclair et al., 2009).
BCCs enlarge very slowly but can be highly inva-
sive locally, especially when situated over areas
of embryological differentiation. They are said not
to metastasise. The commonest sites are the sun-
damaged skin of the head and neck, especially in the
elderly, who have had long periods of sun exposure
over many years. The growing popularity of recre-
ational sun exposure has resulted in an increased
incidence of these tumours in younger people who
may pick at the lesion causing chronic non-healing
ulceration.
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Figure 13.6 Non-healing venous leg ulcer with a large squa-
mous cell carcinoma in situ. Photo courtesy of Julia Schofield.

Squamous cell carcinoma
SCC typically arises in the sun-damaged skin of the
elderly, typically head, face and lips but can appear
on any part of the body including the lower limbs.
Figure 13.6 shows an advanced SCC that originally
presented as a small ‘ulcer’ on the lower leg and
had been unsuccessfully managed for many years
as a venous leg ulcer.

SCCs are much less common than BCCs but
incidence increases with age with decreasing lati-
tudes such as the southern United States and Aus-
tralia. SCC tumours can be aggressive and may
arise de novo, or there may be a history of a pre-
ceding long-standing solar keratosis or a patch of
Bowen’s disease. They can develop where the skin
has been damaged by radiation therapy or may
appear in persistent chronic wounds such as venous
leg ulcers.

The commonest early clinical presentation is of
an indurated crusted keratotic plaque or nodule.
The skin changes caused by SCC can be difficult
to differentiate from other types of chronic wounds
and often looks like a dry scab with thick, adherent
scale on a red, inflamed base. The difference is that
a SCC does not heal and may intermittently bleed.
As the tumour spreads into the dermis, this type
of skin cancer can appear like an ulcer with hard,
raised edges.

SCCs do metastasise, although tumours arising
in solar keratoses are particularly slow to do so.
Lesions on the lip spread earlier and have a worse
prognosis. The wound care practitioner needs to be
vigilant as they may encounter SCC in the context
of a non-healing leg ulcer; if suspicious, patients

should be immediately referred to an appropriate
specialist for assessment.

Malignant melanoma

Despite an overall increase in incidence of malig-
nant melanoma over the past 25 years, melanoma
remains a relatively uncommon tumour. However,
mortality rates from melanoma are relatively high
(Murchie, 2007). The link between sun exposure and
melanoma is more complicated than for NMSC.
The most significant risk factor is the number
of melanocytic naevi (or moles). Red hair, freck-
les, acute exposure to sunshine in childhood and
severe sunburn are all considered relevant risk fac-
tors. Incidence is 10–20 times lower in non-whites
(Bataille and de Vries, 2008). There are increasing
concerns about the use of sun beds in contribut-
ing to an increased risk of melanoma (Dale Wilson
et al., 2012; Boniol et al., 2012). Although there has
been a downturn in the incidence of melanoma in
some parts of the world, the link between this and
sun avoidance campaigns remains unclear (Bataille
and de Vries, 2008; Whiteman et al., 2008) and mor-
tality rates are essentially unchanged.

Malignant melanoma affects young adults, and
females are affected more commonly than males. It
is generally accepted that the tumour is commoner
in those who burn rather than tan in the sun. In
about 50% of cases, malignant melanoma presents
as a new pigmented lesion, and in the remainder it
occurs in a pre-existing lesion (Bataille and de Vries,
2008). Retrospective studies of patients with malig-
nant melanoma have shown that the three most
important worrying clinical signs in a pigmented
naevus are change in size, shape or colour (Bataille and
de Vries, 2008). Symptoms such as itching are much
less important. The commonest type of malignant
melanoma is the superficial spreading (80%). This
is commonest on the legs of women and the trunk
of men. It is a pigmented lesion, usually greater
than 7 mm in diameter, and often with an irregu-
lar border as seen in Figure 13.7 (Bataille and de
Vries, 2008). The pigmentation within the lesion is
variable and in some parts may even be absent.

It is important to become familiar with these signs
as the wound care practitioner may be the first per-
son to identify a suspicious lesion especially on the
lower leg and should immediately refer the patient
for specialist assessment.
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Figure 13.7 Malignant melanoma commonly presents on the
lower leg. Photo courtesy of Julia Schofield.

Principles of management of skin cancer and
precancer

Although it might be assumed that the manage-
ment of most skin cancer and precancer is surgical,
this is not always the case. In particular, for solar
keratoses and Bowen’s disease, better cosmetic out-
come and low recurrence rates are achieved with
medical management using topical treatments such
as 5-fluorouracil, imiquimod and photodynamic
therapy. Liquid nitrogen cryotherapy, curettage and
cautery are treatment options for both conditions
and Bowen’s disease is sometimes treated with
radiotherapy. BCCs and SCCs are usually surgically
removed although radiotherapy may sometimes be
appropriate. Malignant melanoma is treated by sur-
gical excision, the tumour is not responsive to radio-
therapy or current conventional chemotherapy and
surgical excision currently provides the best out-
come for survival.

Practice point

It may seem like a good idea to take a biopsy of a skin
lesion or wound if unsure of the diagnosis, but this inva-
sive procedure should be avoided by non-specialist prac-
titioners for the following reasons:

� The biopsy may be unnecessary as a suitably trained
clinician might be able to make the diagnosis.

� Biopsies only sample localised tissue and may be taken
in the wrong area and miss the pathology altogether to
give a false negative result (Frost and Adams, 2006).

� Biopsy wounds may be difficult to heal and can be
painful.

� The pathology report may not be understood or acted
upon.

Biopsies should be taken under the guidance of a suit-
ably trained dermatology specialist and should never be
taken routinely or as a short cut to diagnosis.

Indications for specialist referral

Suspected skin cancer is best referred for specialist
assessment and management. In England, there
is very specific guidance about the management
of all skin precancer and cancer published by the
National Institute of Health and Clinical Excel-
lence (NICE, 2006). The principles in the guidance
include the management of precancers and low-risk
BCCs by suitably trained primary care healthcare
professionals with all other skin cancers managed
by skin cancer multidisciplinary teams involving
dermatologists, plastic surgeons, histopathologists
and radiotherapists. Additionally in England, all
suspected malignant melanomas and SCCs are
referred and seen by a specialist according the
so-called 2-week wait referral process (NICE, 2006).
This national guidance sets out clear care pathways
and time lines for the management of people with
skin cancer in the United Kingdom and has begun
to improve outcomes (NICE, 2006).

Provision of dermatology specialist
services

Models of service delivery

Specialist dermatology services in some counties
such as the United Kingdom and Australia are led
by consultant dermatologists working with derma-
tology specialist nurses to provide a full range of
specialist care. However, the availability, interest
and enthusiasm of dermatologists in some parts of
the world are variable. Where dermatologists are
scarce, it is particularly important to identify a local
dermatology champion, or if none is available then
a physician or surgeon who has developed skills in
this area. In some countries, the emphasis on cos-
metic dermatology is making this more difficult and
patients with skin disease may be suffering.

Wound management, skin integrity and derma-
tology services are closely linked. It is important for
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Table 13.2 Examples of supra-specialist services and the type of conditions treated

Supra-specialist service Type of conditions seen and services offered

Allergy services Complex cases of allergic contact dermatitis or urticaria

Genetic dermatology Rare inherited skin diseases affecting hair and nails, such as epidermolysis bullosa

Photodermatology Skin disorders related to sunlight, including rare conditions such as porphyria and xeroderma
pigmentosum

Lymphovascular services Diagnosis and management services for patients with skin disease related to lymphovascular
disorders

Connective tissue
disorders

Joint working with rheumatologists for conditions such as systemic lupus erythematosus and a
whole range of other conditions

Paediatric dermatology Children with birthmarks requiring assessment and treatment

Diagnosis and management of rare paediatric dermatoses

Management of complex cases of common paediatric dermatoses, e.g. eczema

Inflammatory skin
disorders

Psoriasis and eczema unresponsive to conventional treatment

Immunobullous disorders

Inpatient servicesa Severe inflammatory dermatosis, such as eczema, psoriasis, blistering disorders, where
outpatient care has proved unsuccessful

Life-threatening skin conditions, such as toxic epidermal necrolysis or other sick skin conditions

Dermatological surgery
and laser unit a

Mohs micrographic surgery for skin cancers

Laser treatment for birthmarks

Skin cancer services Management of skin tumours; photophoresis services

Genital dermatologya Management of genital dermatoses, including the multidisciplinary management of women with
complex vulval disorders

Psychodermatology The diagnosis and management of skin problems related to mental illness, including a
multidisciplinary approach to psychological assessment and support

Specialist laboratory
services

Immunohistochemistry, mutation analysis, prenatal diagnostic services, molecular diagnostic
services using polymerase chain reaction (PCR)

Research Recruitment of patients into studies of new therapeutic agents, such as biologic agents. Basic
scientific research into the causes of skin disease

aMany hospitals offer these services, which should not necessarily be considered supra-specialist services but availability of
services varies in different geographical locations.

wound management practitioners to develop links
with a range of other specialists such as dermatolo-
gists and vascular surgeons and ideally they should
have links to supra-specialist services that provide a
range of specialist dermatology services. Table 13.2
gives examples of supra-specialist dermatology ser-
vices and the type of conditions treated.

Summary

There is strong evidence that skin disease is very
common and has a significant impact on quality

of life and costs to healthcare systems. However,
there is a worldwide shortage of suitably trained
dermatologists. Even though skin problems are one
of the commonest reasons that people present to
primary care doctors, very few people are referred
for specialist dermatology advice.

An understanding of skin disease is important to
maintain skin barrier function and optimise wound
healing. A thorough skin assessment that considers
a range of dermatological factors will help opti-
mise prevention, assessment and management of
patients with impaired skin integrity. This chap-
ter has demonstrated that there is a lot of overlap
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between wound management and dermatology.
Wound management practitioners should improve
their knowledge and understanding of dermatol-
ogy and seek the opinion of local dermatologists
where possible so that common and easily man-
aged skin conditions are effectively treated. It is
particularly important for patients with skin cancer
or inflammatory dermatosis to receive prompt and
appropriate management to avoid treatment delays
and unnecessary suffering.

Useful resources

Guidelines for Management of Atopic Eczema. Primary
Care Dermatology Society and British Association Der-
matologists: Available at: http://www.bad.org.uk/
Portals/_Bad/Guidelines/Clinical%20Guidelines/
PCDS-BAD%20Eczema%20reviewed%202010.pdf

The Dermatologist is an electronic journal which shares
practical dermatology tips, discusses current issues
and summarises research: Available at: http://www.
the-dermatologist.com/content/clinical-tips-5

Best Practice Statement. (2012) Care of the Older Per-
son’s Skin, 2nd edn. London: Wounds UK: Avail-
able at: http://www.wounds-uk.com/best-practice-
statements/care-of-the-older-persons-skin-best-
practice-statement-update

Denyer, J., Pillay. E. (2012) Best practice guidelines for
skin and wound care in epidermolysis bullosa. Interna-
tional Consensus. DEBRA. Available at: http://www.
woundsinternational.com/clinical-guidelines/best-
practice-guidelines-for-skin-and-wound-care-in-
epidermolysis-bullosa

Clinical Knowledge Summaries: nail and skin. Available
at: http://www.cks.nhs.uk/home

Further reading

Penzer, R., Ersser, S. (2010) Principles of Skin care: A Guide
for Nurses and Health Care Practitioners. Chichester:
Wiley Blackwell.
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14 Surgical Wounds
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Overview
� An acute surgical wound usually undergoes uncomplicated healing and rapid closure by primary intention.
� Measures used to maximise wound healing in surgical patients include keeping the patient warm, well hydrated, pain free

and well oxygenated.
� The predominant complication that impedes wound healing in surgical wounds is surgical site infection (SSI).
� A postsurgical wound that does not close and undergoes further bleeding or exudate production and/or is painful after a

4-week period may be considered to be a chronic surgical wound.
� Patients should be given clear guidelines that relate to daily management of their wound, including dressing regime,

bathing, activity restrictions and full description of warning signs indicating potential complications.

Introduction

Until fairly recently, the definition of a surgical pro-
cedure was one that creates a wound. With the
advent of new technology and techniques, proce-
dures such as those performed by natural orifice
translumenal endoscopic surgery (NOTES) result
in no external wound and may not quite fulfil the
criteria of a surgical wound as defined by tradi-
tional terms. However, the vast majority of surgi-
cal procedures today still result in external wounds
that may be complicated by delayed healing. So
whether a surgical procedure is diagnostic or ther-
apeutic, open exposure or minimal access, emer-

gency or elective, incisional or excisional, the result-
ing wound is subject to the complex process of
tissue repair and possible complications and thus
requires a treatment plan to effectively manage the
wound and subsequent scar.

Classification of surgical wounds

The healing of a surgical wound and its ultimate
closure may follow a number of different pathways
(Figure 14.1). The commonest surgical wound
is one that heals by primary intention. Wound
edges are approximated with sutures, clips or skin

Wound Healing and Skin Integrity: Principles and Practice, First Edition. Edited by Madeleine Flanagan.
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Mode of healing Definition Picture

Primary Wound edges are brought together
in apposition with sutures, clips or
skin closure strips. Epithelialisation
takes place within 48 hours and
most of these wounds are sealed
within the first 24–48 hours.

Secondary A wound that is left open,
intentionally or unintentionally,
and heals by granulation tissue
formation, contraction with or
without eventual epithelialisation.

Tertiary The wound is deliberatly left open
to allow for drainage, to
compensate for major
intra-compartment pressure or to
control major contamination with
the intention of undergoing
additional surgery (delayed
closure) to close the wound.

Figure 14.1 Healing pathways. Photos courtesy of Alan Widgerow (eye), Nuno Cunha (leg surgical wound) and Madeleine
Flanagan (pressure ulcer and skin flap).
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closure strips. Epithelialisation takes place within
48 hours and most of these wounds are sealed
within the first 24–48 hours. Full thickness healing
(not maturation) usually occurs within 8–10 days.
This occurs rapidly as very little ‘dead space’ exists
within the wound, so little new tissue needs to be
produced to fill the healing void. The sequential
generation of new tissue (repair) takes place from
the depths of the wound up until migration of
epithelial cells completes the process and forms a
protective (although initially vulnerable) barrier
for the skin surface. In wounds healing by primary
intention, many of the biological processes that
result in tissue repair occur simultaneously causing
efficient, rapid wound closure. The only evidence
of this complex biological sequence is often a
small leakage of fluid (caused by the inflammatory
process) or a bloody exudate, both of which usually
diminish and resolve within the first few days.

A wound that is left open, intentionally or unin-
tentionally, heals by granulation tissue formation
from the base of the wound upwards, and contrac-
tion with or without eventual epithelialisation, in
a process called secondary intention. Healing time
depends on the amount of granulation tissue that is
needed to fill the ‘dead space’ of the wound to ini-
tiate wound contraction, epithelialisation and clo-
sure. The greater the tissue loss in a wound heal-
ing by secondary intention, the longer it will take
to heal due to the amount of granulation tissue
that needs to be produced. Due to this process of
protracted healing with significant granulation tis-
sue and contraction, the scarring may be significant
and extensive in wounds that heal by secondary
intention.

In certain situations, a wound is deliberately left
open to allow for drainage, to compensate for major
intra-compartment pressure or to control major
contamination with the intention of undergoing
additional surgery to close the wound. This is
sometimes referred to as tertiary intention heal-
ing or delayed closure. Once circumstances have
improved in relation to the above parameters (con-
trolled exudate, acceptable intra-compartmental
pressure, clean wound), the patient is returned to
the operating theatre to have their wounds surgi-
cally closed.

In addition, surgical wounds are classified
according to bioburden and risk of infection (Cruse
and Foord, 1980). Clean wounds are non-traumatic
wounds created in a background of minimum

inflammation where the surgical field is essen-
tially sterile. Clean–contaminated wounds are those
where anatomic areas with infective potential (gas-
trointestinal tract, respiratory tract) are entered but
without significant contamination. A contaminated
wound is one where trauma or surgery has resulted
in significant contamination either from external
foreign material exposure, for example, tar, grit
from the road surface or internal spillage of con-
taminated contents from the gastrointestinal tract
or similar anatomic areas. Dirty or infected wounds
are those where obvious necrotic tissue, pus or
potentially infective elements such as denuded
bone fragments present within and complicate the
wound at the time of surgery (Burns et al., 2003;
Uçkay et al., 2010).

The ideal wound that surgeons strive to deal with
is the acute surgical wound that undergoes uncom-
plicated healing and rapid closure. An acute wound
by definition is one where skin and underlying tis-
sue has undergone an interruption in integrity but
wound closure follows a rapid, uneventful process.
However, not all surgical wounds are in healthy
tissue and delays in healing may be unavoidable if
significant trauma (such as crush injuries) or grossly
contaminated wounds present as a background to
the surgical wound. In these types of circumstances,
healing may be delayed over a longer time period
than anticipated and a chronic wound develops.
Much discussion has taken place over when an
acute wound becomes chronic, and although many
attempts have been made to define the chronic
wound concept, it is perhaps easiest and most logi-
cal to label a wound as being chronic when it does
not adhere to a normal healing sequence in terms
of symptoms, signs or time to heal. So a surgical
wound that exudes, bleeds, is excessively painful
or merely takes longer to heal may well be on its
way to chronicity and should be recognised as such.
A wound that has not matured to its anticipated
healing endpoint of closure and undergoes further
bleeding or exudate production and is painful after
a 4-week period may be considered to be a chronic
surgical wound. To a certain extent this chronicity in
surgical wounds can be avoided by the surgeon’s
attention to meticulous surgical technique, gentle
tissue handling and good preoperative preparation
of the patient. These factors contribute to rapid tis-
sue healing in acute surgical wounds and are impor-
tant elements that every surgeon should strive to
achieve.
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Principles of surgical wound management

The principles of surgical wound management are
to provide optimal conditions for postoperative
wound healing by:

� keeping patients warm, well hydrated, well
oxygenated and pain free;

� controlling haemostasis;
� facilitating effective wound drainage;
� protecting the incision site;
� minimising surgical site infections and other

postoperative complications;
� optimising scarring;
� providing appropriate postoperative informa-

tion and aftercare.

Despite a lack of direct clinical evidence to sup-
port the provision of specialist wound care services
for managing patients with hard-to-heal surgical
wounds, clinical guidelines recommend a struc-
tured approach to patient management supported
by guidance from specialist teams with wound
management expertise (NICE, 2008).

Surgical wounds: assessment
considerations

A range of factors have the potential to impact on
surgical wound healing, wound closure and scar-
ring including preparation of the patient and sur-
gical facility, to the unique nature of the injury or
individual disease, to the surgical technique, post-
operative management and circumstances. Addi-
tional factors influencing surgical wound healing
are those intrinsic to the patient, which affect them
systemically. These include factors such as the age
of the patient, concurrent disease or state of health,
nutritional status and medications (Sørensen et al.,
2005; Franz et al., 2008).

The process of aging is accompanied by inevitable
physiologic changes that may impact on wound
healing (Gosain and DiPietro, 2004; Rioux et al.,
2006). Skin changes including decreased levels of
collagen and elastin, and thinning of the dermo-
epidermal junction result in fragility and vul-
nerability to injury and delayed healing (Gosain
and DiPietro, 2004). Neutrophil quantity and func-
tion, macrophage phagocytosis, growth factor pro-
duction and function, keratinocyte migration and

epithelialisation may be impeded. Additionally,
a decline in the immune system may result in
increased susceptibility to postoperative infections.
However, although historically healing in the aged
was considered defective, there is now consensus
that healing in the elderly may be delayed but the
final aesthetic appearance of scars looks similar to
that of young people (Gosain and DiPietro, 2004).
In many cases, patients presenting for surgery have
concomitant diseases that may have precipitated
or contributed towards the surgical intervention,
or could just be a compounding factor. The major-
ity of these diseases or their treatments may slow
the wound healing sequence. Diabetes, in particu-
lar with its associated microangiopathy, neuropa-
thy and increased circulating glucose renders the
patient more susceptible to wound complications
which can seriously impact the body’s capacity
to heal normally. The cellular response to injury
in diabetic patients is delayed, immune function
is compromised and defects in collagen synthe-
sis and deposition results in weakened strength
of the final scar (Gottrup et al., 2005; Kao et al.,
2009).

Other conditions that affect surgical wound heal-
ing on a circulatory basis include atherosclerosis
(impaired perfusion), chronic venous insufficiency
(peripheral pooling), anaemia or sickle cell disease
(impaired oxygenation) and chronic obstructive
pulmonary disease (reduced delivery of oxygen to
the tissues) (Gottrup et al., 2005; Franz et al., 2008).
Autoimmune diseases such as systemic lupus
erythematosus and rheumatoid arthritis affect col-
lagen deposition resulting in defective granulation
tissue formation (Burns et al., 2003; Gosain and
DiPietro, 2004; Gottrup et al., 2005).

Medications that affect wound healing include
steroids, anti-inflammatory and immunosuppres-
sive drugs. Most of these drugs affect various stages
in the wound repair sequence including phagocy-
tosis, inflammation, collagen deposition and angio-
genesis (Gottrup et al., 2005). Radiation therapy
also affects wound repair by disturbing leucocyte
production and interfering with fibroblast function
(Tibbs, 1997; Franz et al., 2008).

Healthy patients undergoing surgery do not
usually have problems with their nutritional sta-
tus. However, the elderly and medically infirm
patients may have concomitant nutritional deficien-
cies which need to be taken into consideration when
assessing patient’s preoperatively.
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Preoperative management

The ultimate goal as clinicians should be to min-
imise the time patients spend in the hospital envi-
ronment. The exposure to microorganisms, the inca-
pacity or limited capacity of the patient in this envi-
ronment and the psychological impact that hospi-
talisation has the potential to complicate the wound
healing process. Thus, the longer the patient has
been in the hospital before surgery, the greater the
potential for postoperative complications (WHO,
2009). Patients should have surgery as soon as their
general health allows.

The most commonly cited complication of wound
healing is that of SSI and much of the patient prepa-
ration and ‘good surgical practice’ is aimed at pre-
venting SSI. The most frequently identified risk
factors for SSI are diabetes mellitus, age, obesity,
incorrect antibiotic usage (or non-usage) (Lübbeke
et al., 2008; Trussell et al., 2008; WHO, 2009; Uçkay
et al., 2010). In addition, factors such as malnu-
trition, steroid use, smoking, radiotherapy, and
rheumatoid arthritis increase the likelihood of local
infection and/or wound dehiscence. The follow-
ing preventative measures are considered as having
a high level of evidence (grade IA) in minimising
SSI according to evidence-based guidelines (NICE,
2008; WHO, 2009; Uçkay et al., 2010):

� surgical hand preparation and skin preparation
using chlorhexidine and alcohol;

� appropriate antibiotic prophylaxis;
� postponing of an elective operation in the case

of active, systemic infection.

One of the most important strategies in avoiding
SSI is that of surgical hand preparation. This relates
to hand-cleansing preparation before undertaking
wound procedures in other clinical environments
such as hospital wards, outpatient departments as
well as in the operating theatre. Semmelweis (1818–
1865) was the first to recognise the importance of
hand antisepsis in his obstetric clinic. Using chlori-
nated lime, he succeeded in lowering the incidence
of postpartum maternal infection (Hugonnet and
Pittet, 2000; Uçkay et al., 2010). Since that time, anti-
sepsis and skin preparation has remained an impor-
tant strategy in avoiding wound complications.

Investigators in the United States randomised
skin preparation in 897 adults undergoing clean–
contaminated surgery using chlorhexidine glu-

conate (CHG) and alcohol or povidone iodine.
SSI occurrence within 30 days was compared in
the two groups. CHG–alcohol patients presented
with a lower rate of SSIs overall (superficial and
deep) (Darouiche et al., 2010). In another SSI rele-
vant study, researchers in the Netherlands screened
6771 new patients to identify nasal carriers of
Staphylococcus aureus. Total 1251 carriers were iden-
tified and of these 918 were randomly treated
with 2% mupirocin twice daily plus CHG soap
for 5 days or with placebo treatment. SSIs, par-
ticularly deep infections, were significantly lower
in the mupirocin–CHG group (Bode et al., 2010).
This current recommendation for skin prepara-
tion would advise CHG–alcohol in preference to
povidine iodine. However, treating carriers of S.
aureus as described above is less clear, it is possi-
ble that preoperative skin preparation or bathing
with CHG–alcohol may be as effective in prevent-
ing SSIs without extra expense of treating carri-
ers, but this still needs proof. Thus, current recom-
mendations for treatment for carriers is reserved
for high-risk procedure patients such as cardiac
surgery, orthopaedic implants, etc. (Bode et al.,
2010; Darouiche et al., 2010; Wenzel, 2010).

Preoperative surgical hand preparation was
subject to a Cochrane review (Wenzel, 2010). Hand
rubbing with an alcohol-based formulation was
considered as effective as scrubbing. The minimum
duration appears to be 2–3 minutes for both meth-
ods. Overall, patient bathing/showering 24 hours
prior to surgery using CHG–alcohol preparations
and skin preparation with the same combination
at the start of surgery appears to be the current
favoured method of preoperative skin preparation.

In the majority of surgical procedures performed
today, prophylactic antibiotics are administered.
However, clean elective short-duration surgery not
involving implant insertion, dermatologic surgery
and certain smaller foot and ankle procedures do
not warrant preoperative antibiotic prophylaxis
(NICE, 2008; WHO, 2009; Uçkay et al., 2010). In most
cases, first or second-generation cephalosporins
administered as a single dose 30–60 minutes prior to
the procedure is sufficient as antibiotic prophylaxis
(McDonald et al., 1998; Uçkay et al., 2010). Surgi-
cal procedures lasting longer than 4 hours or those
involving major blood loss may warrant a second
dose of antibiotic, although this too is not defini-
tive and should be decided according to individual
circumstances (Weber et al., 2008). Essentially, very
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few situations (except significant trauma, exposure
of large areas of the body) warrant antibiotic pro-
phylaxis for longer than 24 hours (Prokuski, 2008;
WHO, 2009; Uçkay et al., 2010).

As far as preoperative hair removal is concerned,
clipping rather than shaving is recommended by
consensus guidelines (NICE, 2008; WHO, 2009),
although the evidence is of poor quality and still
open to scrutiny (Uçkay et al., 2010). Shaving
appears to subject the patient to risk because of
the potential for skin damage and ingrown hairs.
The length of time between shaving and surgery
appears to be relevant; the longer the time the
greater the risk of damage to the skin barrier. If
shaving is essential, it should be performed as close
to the time of surgery as possible (Cruse and Foord,
1980). No trials are evident comparing efficacy of
clipping with a depilatory cream. However, the evi-
dence found no difference in SSIs among patients
who have had hair removed prior to surgery and
those who have not (Sax et al., 2007; Uçkay et al.,
2010).

Hair clipping before surgery is now considered
a matter of debate. It appears to be preferable to
recently shaved areas especially if accompanied by
traumatic cuts or ingrown hair but may have no
advantage over clean unshaven areas (Tanner et al.,
2008; Uçkay et al., 2010; Wenzel, 2010).

Other interventions such as avoiding hypother-
mia, hypoglycaemia, supplementary oxygen, etc.,
all have important parts to play in a multimodal
approach to wound care in a surgical patient
but further scientific validation is still needed to
demonstrate the clinical efficacy of many of these
parameters.

Intraoperative management

Most SSIs are believed to be acquired during
surgery (Ayliffe, 1991; Uçkay et al., 2010). Preven-
tion measures in the surgical theatre have con-
tributed to decreased SSIs. However, the actual pro-
portion of SSI acquired in the operating theatre
versus postoperative care on hospital wards and
the proportion of infections originating from the
patient, the environment or from surgical staff is
still not known (Uçkay et al., 2010).

The risk of postoperative wound infection is
related to the patient’s general health and existing
comorbidities, the nature of the injury or delayed

presentation. However, there is a definite correla-
tion with the events and factors occurring during
the surgical period that impact on postsurgical com-
plications as seen in Table 14.1.

To begin with, the duration of surgery is impor-
tant. In an American study, Procter et al. anal-
ysed nearly 300,000 general surgery operations
performed at 173 hospitals with the National
Surgical Quality Improvement Program (NSQIP)
database. They demonstrated that length of hos-
pital stay (LOS) increased as the operative duration
increased. LOS increased by about 6% per every 30
minutes of operative duration. The 30-day rate of
infectious complications rose by almost 2.5% for
every 30 minutes of operative duration (start of
incision to closure). That rate increased to 31.4%
for cases that took more than 6 hours to complete
(Procter et al., 2010). Thus, the expertise of the
surgeon has definite impact on healing not only
from a tissue handling and surgical technique per-
spective but also time spent in the operating theatre.

Gentle tissue handling, dissection within tis-
sue planes conserving blood supply, maintaining
haemostasis, good judgement in removal of non-
viable tissue and foreign material, elimination of
dead space and tension-free closure are all impor-
tant factors that relate directly to surgical experi-
ence and expertise and impact on time to heal-
ing and scarring (Franz et al., 2008; Aggarwal
and Darzi, 2008; Procter et al., 2010). A certain
degree of tissue trauma during surgical procedure
is inevitable. Furthermore, compromising the blood
supply by indiscriminate surgical exploration and
tissue manipulation or by promoting haematoma
formation will ultimately result in increased com-
plications such as SSIs. Suturing techniques should
facilitate tension-free closure and closure of the
deeper tissue spaces by subcutaneous buried sutur-
ing (WHO, 2009). Wound edges should be everted,
and sutures placed equidistant apart with dermal
and epidermal approximation. Where possible fol-
lowing subcutaneous closure of tissue, wound-edge
approximation should be undertaken with sub-
cuticular sutures hidden beneath the skin. This
avoids unsightly scarring produced by large exter-
nal sutures.

An often overlooked intraoperative factor that
may have a major impact on wound healing is
temperature control. This relates to ambient the-
atre temperature and its bearing on patient tem-
perature. Hypothermia is the situation that needs
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Table 14.1 Extrinsic factors affecting surgical wound healing

Timing
Factors impacting healing
(extrinsic) Recommendations

Pre-operative Patient anxiety and stress
Skin preparation
Preoperative hair removal
Antibiotic prophylaxis

Explain surgical procedure and postoperative management of the wound

CHG and alcohol

Clipping in preference to shaving; if shaving has to be done, do as close
to surgery as possible

Clean, elective, short surgery – Hair removal not necessary

Longer surgery, implants, contaminated – Hair removal recommended

Intra-operative Duration of surgery
Surgical technique
Temperature control
Normoglycaemia
Anaesthesia

Minimise length of surgical procedure

Gentle tissue-handling, good haemostasis, well-judged debridement,
careful closure

Maintain ambient theatre temperature, avoid exposing patient, cold
infusion fluids; avoid hypothermia, keep patient warm

Maintain balanced blood sugar levels, hypoglycaemia may impact on
postoperative infection

Keep the patient well hydrated, well oxygenated and pain free

Postoperative Dressing regimen
Wound drainage
Wound cleansing
Patient compliance

Tension free; care with circumferential dressings, check ability of
dressing to absorb wound fluid

Encourage free drainage of wound fluid, prevent haematoma formation

Careful choice of non-toxic cleansing agents

Good patient education re wound care, dressing change, vigilance for
signs of complications and skin care

All Patient factors:
advancing age
comorbidities
tissue perfusion
smoking
poor nutritional state
obesity

Optimise the patient’s preoperative condition to reduce the risk of
postoperative complications

Source: Data from NICE (2008), Franz et al. (2008) and WHO (2009).

to be avoided intraoperatively which may result
from cold theatres, exposed patients, cold infu-
sion fluids and inadequate patient resuscitation.
Controlling temperature requires the co-operation
of facility managers (theatre temperatures above
36◦C), anaesthesiologist (fluids, resuscitation), the-
atre scrub nurse (cleaning, exposure) and sur-
geon (exposure, time, surgical expertise prevent-
ing major blood loss, etc.). Several studies have
shown the benefit of normothermia to optimise
wound outcome and patient recovery (Kumar et al.,
2005; Scott and Buckland, 2006; Uçkay et al., 2010).
Hypothermia appears to affect cellular function
relating to haemostasis, coagulation, immune com-
petence and endocrine systems (Uçkay et al., 2010).

Warming of the patient during surgery should form
an integral part of intra- and postoperative care
of the surgical patient (Fakhry et al., 2012). Main-
tenance of normoglycaemia in the intraoperative
and immediate postoperative period appears to
be important in avoiding postoperative infections,
although the evidence for this is less apparent than
that for normothermia (Kao et al., 2009; Uçkay et al.,
2010).

Postoperative management

In practical terms, measures used to maximise
wound healing include keeping the patient warm,
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well hydrated, pain free and well oxygenated.
Surgery itself results in catabolic stress response
that may impair wound healing. This response
results in a sympathetic nervous system release of
catecholamine mediators that can result in vasocon-
striction which may be released by hypoxia, hypo-
volaemia or hypothermia postoperatively (Haridas
and Malangoni, 2008; Kao et al., 2009; Uçkay et al.,
2010).

Wound drainage

Excessive bleeding may result from inadequate
intraoperative haemostasis or background systemic
problems such as disseminated intravascular coag-
ulation (DIC). Either way a haematoma consti-
tutes a ‘space-occupying lesion’ impeding circula-
tion due to direct mechanical pressure and from
indirect effects from toxic metabolites secreted by
the haematoma itself (Keep et al., 2005). Sutures
should be removed, the haematoma adequately
evacuated and the wound thoroughly cleansed
and allowed to heal by either secondary inten-
tion or closed once the risk of infection has
diminished.

Wound drainage decisions by the surgeon are
important, particularly if excessive drainage, bleed-
ing, dead space or cavities are anticipated. Open or
closed drainage systems are appropriate for differ-
ent clinical situations and also depend on surgeon
preference.

Wound closure

Wound strength is weakest at approximately 2–
3 weeks postoperatively, often coinciding with
removal of external sutures and is weaker in older
patients and those with a low serum albumin
(Lindstedt and Sandblom, 1975). Sutures should
be removed as soon as the wound can withstand
external tension forces. Timing varies but gener-
ally facial wound sutures are removed earliest (5
days), abdominal and orthopaedic sutures usually
later (7–14 days). In areas of less tissue tension
such as the face and/or where a layered closure
has been performed, sutures may be removed at 5–
7 days; high-tension areas may necessitate removal
of sutures anywhere from 10 days to 3 weeks. Slow

absorbing (or on occasion non-absorbing) subcu-
ticular sutures buried beneath the skin provide for
long-term wound support.

A delicate balance exists between wound dehis-
cence and scarring caused by leaving sutures in
too long or spreading of the surgical scar due
to premature removal. Clips and staples should
be removed at the earliest possible time to avoid
‘cross hatch’ scarring (marks caused by the sta-
ples crossing the incision line). Of course the
surgeons’ preference (related to suture technique,
materials, etc.) is important in this decision-making
process.

The suture used most commonly by plastic sur-
geons for skin closure is a slowly absorbable
monofilament suture placed subcuticularly beneath
the skin in the dermis in a continuous fashion. This
allows good long-term stability of the skin edges
with minimal reaction (monofilament vs. multifil-
ament) and no external skin marks. For smaller
areas (face, etc.) interrupted (separate) sutures of
non-absorbable material is commonly used as these
areas usually are not closed under tension and
the sutures are removed early so skin marks are
unlikely. Aside from these two common occur-
rences, a whole host of absorbable sutures is used
particularly to close subcutaneous layers. These
sutures are seldom used externally on the skin
except where removal could be problematic (chil-
dren) or inaccessible (groin, scalp, axilla, etc.).
Skin glue may be used after suture removal to
absorb tension or common tapes such as micro-
porous tape may be used for supporting the
maturing scar.

Practice point

Is it safe to get wound sutures wet?

Stitches can get wet under most circumstances. The old
adage that all stitches must remain dry is no longer true.
Sometimes the surgeon dresses the wound with a complex
dressing and instructs that sutures are kept dry as a soaked
soggy dressing is a focus for infection. However, if the
stitches are exposed (small area) and the patient showers
in clean running water rather than bathes in dirty water,
contact of the area with clean running water will do no
harm. However, every circumstance is different and the
surgeon’s input is clearly a prerequisite before wetting the
stitches.
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Wound dressings: special considerations

Postoperative wound dressings must absorb
wound fluid, allow moisture vapour permeability,
be waterproof, act as a bacterial barrier, be atrau-
matic on removal and non-sensitising to the wound
and periwound skin as well as cost-effective.

One of the most practical choices for postoper-
ative dressings is an adhesive polyurethane film
incorporating an absorbent pad. There are many
variations of this type of dressing which if fre-
quently used following surgery: selection depends
on availability, cost-effectiveness and patient
preference.

No definitive conclusions can be drawn about
the effectiveness of postoperative wound dressings
from current studies. A Cochrane review assessed
the effectiveness of various dressings and topical
agents on surgical wound healing and concluded
that the qualities of studies were insufficient to
determine any superiority of dressing protocol or
topical agent over another (Vermeulen et al., 2004).
Although no specific dressing regimen has been
shown to be of more value, dressings should be
chosen to suit the particular conditions at the inci-
sion site and monitored carefully for strike-through
or leakage.

Practice point

Are postoperative dressing necessary in smaller
sutured wounds?

Although elaborate postoperative dressings are not nec-
essary in smaller surgical wounds, using a small postop-
erative pad, or microporous tape as a dressing to protect
the suture line and provide hydration and prevent drying
out of the wound exudate is important. This minimises
the inflammatory process needed for the body to remove
an eschar and promotes optimal scarring.

Patient postoperative wound care advice should
include specific instructions about when dressings
need to be changed and abandoned for good. It
would be convenient to prescribe a set of rules
pertaining to timing of first dressing change,
frequency of dressing change and type of dressing
recommended for surgical wounds. In reality,
most studies to date including a Cochrane review
(Vermeulen et al., 2004) have failed to definitively
provide an ideal set of principles for a postoperative

wound care regimen. Instead the logical approach
is to revert to the basic principles described in
Table 14.2.

Practice point

When can postoperative dressings be safely removed
and not replaced?

Initial wound dressing changes are variable and depend
on the direct wound properties (exudate, bleeding, red-
ness, infection), the nature of the reconstruction (simple
closure, skin graft, flap) and the circumstances that the
patient finds themselves in (hospital, home with expert
help, home with inadequate help). This should form part
of the discharge instructions that the patient is given prior
to discharge. In many cases, the first wound inspection
is done by the surgeon before the patient leaves the hos-
pital. Postoperative dressings can be safely permanently
removed in two circumstances: first, when full epithelial-
isation and healing has taken place; and second, once
protective coverings are no longer needed which varies
depending on the wound type, location and initial size.
Although it may appear that the two events are simul-
taneous, a newly epithelialised skin surface or a freshly
healed skin grafted area is still very vulnerable to damage
from mechanical trauma such as from scratching or from
friction from clothing and may need protection for longer.
Therefore, every wound should be assessed on an indi-
vidual basis depending on the nature of the skin covering
and the type of operative closure.

Factors delaying healing in the presurgical, sur-
gical and postsurgical periods involve extrinsic fac-
tors, which are those related to the physical envi-
ronment, the nature of trauma or type of surgical
procedure, the expertise of the surgeon and anaes-
thetist and the postoperative care (Table 14.1). Other
extrinsic factors that commonly detrimentally affect
wound healing include alcohol abuse and smok-
ing. Both affect the immune system, interfere with
healing and may be associated with exaggerated
scarring (Wong et al., 2004, Franz et al., 2008).

Surgical wound infection

Wound infection in surgical wounds is charac-
terised by redness, pain, heat, swelling of the
wound and periwound area and is essentially the
same as in any other type of wound. However, these
signs can be confusing as they are similar to the nor-
mal inflammatory response seen in wound healing
in the first few days postoperatively, but if the
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Table 14.2 General principles: post operative management of surgical wounds

Principle Action Reference

� Maintain haemostasis; anticipate post
operative bleeding or in some cases
pre-operative bleeding, e.g. traumatic
injuries to facilitate free drainage

Select absorptive dressings to match anticipated
wound symptoms and/or suitable drainage
system (open or closed) to promote drainage.

Vermeulen et al. (2004)

� Optimise local wound healing
environment

Select an appropriate dressing and topical agent
for surgical wounds healing by secondary
intention.

Vermeulen et al. (2004)
NICE (2008)

� Apply dressings without tension,
especially circumferential dressings to
minimise circulatory problems, e.g.
ischaemia, tissue necrosis, skin blisters

During application of circumferential dressings
apply a temporary ‘spacer’ that is removed on
completion to release tension.

NICE (2008)

� Provide effective pain control Prescribe adequate analgesic cover for
post-operative period and dressing changes. Use
appropriate low adherent dressings.

SIGN (2004)
WHO (2009)

� Improve aesthetic appearance of incision
by using appropriate wound closure
techniques

Consider use of tissue adhesives to close clean
surgical incisions excluding areas of high tension.
No difference in healing between sutures, tapes
and adhesives.

Brolmann et al. (2012)

� Minimise risk of SSI and other related
post operative complications

Implement meticulous surgical hand preparation
and patient skin preparation using chlorhexidine
and alcohol.

Antibiotic prophylaxis is not necessary for clean,
elective, short duration non prosthetic surgery.

Avoid topical antimicrobial agents for surgical
wounds that are healing by primary intention.

Use sterile saline for wound cleansing up to 48
hours after surgery.

NICE (2008)
WHO (2009)

NICE (2008)
WHO (2009)

NICE (2008)
Vermeulen et al. (2004)

NICE (2008)

� Optimise post operative scar quality Control inflammation, hydrate & support scar.
Support incisional scars prone to vector forces
with microporous tape/dressings applied
longitudinally along the scar.

Mustoe (2002)
Austin et al. (2011)

� Patients require adequate information
about post operative wound care and
vigilance for signs of complications

Advise patients that they may shower safely 48
hours after surgery.

Clear instructions must be given in relation to
getting sutures or other methods of skin closure
wet and what signs and symptoms to be aware of
relating to complications.

NICE (2008)

SIGN (2004)
NICE (2008)
WHO (2009)

signs persist or get worse and a purulent discharge
appears or the patient becomes systemically ill, a
wound infection is likely. One of the most reliable
indicators of wound infection is pain or soreness
in and around the wound. Patient reports of dis-
comfort should alert the clinician to the possibility
of early wound infection even if there are no obvi-
ous clinical signs of infection (Gardner et al., 2001)
(Box 14.1).

Immediate management of wound infection may
relate directly to surgical technique. If wounds

are closed with excessive tension, sutures or clips
can cause local vascular compromise and necrosis
providing the ideal conditions for wound infec-
tion. Sutures (either all or alternate) need to be
removed urgently to conserve tissue viability. For-
eign materials such as drains should be removed
and the wound should be thoroughly cleaned and
a dressing regime implemented that can cope with
increased exudate. Occasionally, if infective signs
are recognised early enough, local topical (in criti-
cally colonised wounds) or systemic antimicrobials
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Box 14.1 Characteristics of surgical site
infection
� Occurs within 30 days of the surgical procedure;
� involves skin or subcutaneous tissue around the inci-

sion (superficial) or deeper soft tissues, such as the
fascia and muscles (deep).

May involve one or more of the following:

� increasing tenderness/pain around incision area;
� localised oedema, redness, discolouration, heat, cel-

lulites;
� increased wound fluid;
� purulent discharge from incision;
� offensive odour from incision site;
� abscess formation;
� delayed healing of incision;
� spontaneous wound dehiscence;
� evidence of infection from histopathology (organ-

isms isolated from culture of fluid or tissue), or
radiology.

(WHO, 2009)

may solve the problem without reopening the
wound. These efforts should be tried initially but
if a purulent discharge is present, in most cases the
surgical wound will require drainage and cleans-
ing. A treatment plan can then be implemented for
delayed wound closure once the infection is under
control.

Postoperative surveillance of infection rates is
an essential component to the prevention of SSI
(WHO, 2009). In studies conducted in Brazil, Hol-
land, the United Kingdom and the United States,
SSI rates were reduced by 33–88% when feedback
was given directly to the surgeon and staff complied
to standardised infection control policies (Trussell
et al., 2008; Uçkay et al., 2010). As the majority of
postoperative superficial SSIs occur within 28 days
of surgery, 30 days is now the accepted length of
surveillance for infections after operations that do
not involve prosthetic implantation (WHO, 2009).

Regular patient follow-up visits should be sched-
uled after surgery. Patients should be given clear
guidelines prior to discharge relating to the daily
management of their wound including dressing
regime bathing, activity restrictions and a full
description of signs and symptoms that may indi-
cate wound infection. It is estimated that without
postdischarge wound surveillance, at least 50% of

SSIs may remain undetected and under-reported
(Uçkay et al., 2010).

Management of surgical scars

The end result of any surgical procedure or wound
healing is scarring. Controlling the process and
influencing the outcome of scarring is far more
achievable than in previous years (Mustoe et al.,
2002). This is because much of the biological
sequence and the signalling mechanism occur-
ring at a cellular level is now better understood
(Widgerow et al., 2009; Widgerow, 2011a). Inflam-
mation is a necessary sequence in all wound heal-
ing mechanisms. However, prolonged or exces-
sive inflammation results in exaggerated scars. A
set of principles that appears to minimise scar-
ring has been published which include support,
controlled inflammation, adequate hydration and
remodelling/maturation of collagen (Mustoe et al.,
2002; Widgerow et al., 2009; Widgerow, 2011a,
2011b; Bush et al., 2011). These principles form the
basis upon which strategies for scar control can be
formulated. Simply put, scar management should
satisfy the principles of the acronym SCAR (sup-
port, controlled inflammation, adequate hydration,
remodelling of collagen).

Supporting a scar, particularly a long surgical
scar, in areas where vector forces continually pull
on the scar has long been recognised as beneficial
to scar outcome (Hugonnet and Pittet, 2000; Burns
et al., 2003; Uçkay et al., 2010). Take, for example the
presternal chest area where forces are generated on
the scar from neck, shoulder and arm movements
and additionally from the weight of breasts in some
women (Figure 14.2).

The direct response to such vector forces is
increased production of collagen in an effort to keep
the wound closed. Vitamin E has a collagenase-
like effect, which may weaken the scar and
lead to stretching of scar tissue (Baumann et al.,
1999).

The best and least expensive form of scar sup-
port is the microporous tape which is a breath-
able porous tape (not plastic or fabric) (Widgerow
et al., 2000; Atkinson et al., 2005). The tape must be
applied longitudinally along the scar path and not
at right angles as seen in Figure 14.3.

This ensures that support is consistent and not
intermittent in some areas. The tape should not be
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Figure 14.2 Hypertrophic presternal scar in female patient.
Photo courtesy of Alan Widgerow.

removed but left in place for as long as possible until
it spontaneously separates from the skin or becomes
tatty. Premature removal of the tape results in skin
stripping which sets up an inflammatory response
with negative consequences for the scar. Although
small surgical scars may not need support, some

Figure 14.3 Application of tape which is applied in the direc-
tion of the scar. Photo courtesy of Alan Widgerow.

small scars heal very well with this simple method
of occlusion and support.

Practice point

Cuts on fingers are continually stressed with external
forces. Application of a single layer of microporous tape is
an ideal method of supporting the scar and avoiding mac-
eration, which is sometimes seen with common plasters
as this helps to speed up the maturation process.

Hydration of the scar surface is the basis of action
of 90% of scar management treatments currently
available (Liu et al., 2011). Most oils, lotions, creams
and dressings have beneficial effects on scars purely
based on their hydrative capacities (Mustoe et al.,
2002; Tandara and Mustoe, 2008). Healthy skin has a
mature stratum corneum characterised by minimal
transepidermal water loss (TEWL). Damage to the
stratum corneum stimulates keratinocytes to pro-
duce cytokines, which activate dermal fibroblasts
to synthesise collagen. Excessive collagen produc-
tion is known to cause abnormal scarring (Mustoe
et al., 2008).

An effective barrier to TEWL from the stratum
corneum is silicone (either in the form of dressing
sheets or gels) or plant-derived gels which have
been popular for many years for scar management
(Mustoe et al., 2008; Tandara and Mustoe, 2008;
Widgerow, 2011b). Although silicone is frequently
used in the management of larger scars or hyper-
trophic scars, the evidence of efficacy and mech-
anism of action are inconclusive (Namazi et al.,
2011). A Cochrane review cites 13 trials involving
559 patients and concludes there is weak evidence
of benefit of silicone gel sheeting as a prevention
for abnormal scarring in high-risk individuals, due
to poor-quality studies that are susceptible to bias
(O’Brien and Pandit, 2006). Despite the lack of con-
clusive evidence of its efficacy and mechanism of
action, silicone gel will likely continue to be used in
scar treatment protocols because it is a non-invasive
modality with few adverse effects and is preferred
by many patients over invasive procedures such
as intralesional steroid injections (Reish and Eriks-
son, 2008). Interestingly, animal studies comparing
silicone dressings to occlusion with microporous
tape for small surgical incisions have shown no sig-
nificant differences in scar quality (O’Shaughnessy
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et al., 2009; Tollefson et al., 2012) prompting calls
for further investigation in humans.

Keloid and hypertrophic scarring arises often as
a natural consequence to normal scarring where
exaggeration takes place because no scar manage-
ment has been instituted or where suturing tech-
nique is lacking or infection has occurred. The scar
steadily increases in its collagen composition and
grows according to the placing of the incision (does
not overgrow its boundaries). The natural history
of a hypertrophic scar is gradual resolution over
approximately 1 year with the scar colour chang-
ing from pink to white, and the scar flattening and
remaining as a broad flat scar (see Chapter 3). Opti-
mal scar management can prevent this occurrence
in up to 80% of postsurgical clean incision wounds
(Widgerow et al., 2009).

The principles of scar management (support,
hydration, scar maturation through collagen modu-
lation and controlled inflammation) are applicable
to the prevention of hypertrophic scarring but do
not relate to keloid scarring which is a completely
different mechanism of scarring and important to
recognise (Wolfram et al., 2009). Management of
keloid scars should be referred to a plastic surgeon
with expertise in this area.

Common reconstructive surgical options

A split-thickness skin graft is made up mainly
of epidermal components interspersed with occa-
sional dermal remnants as seen in Figure 14.4.

Figure 14.4 Split-thickness meshed skin graft. Photo courtesy
of Alan Widgerow.

This technique is frequently used by the recon-
structive surgeon to cover defects of dermis but
may also be used for deeper wounds. The graft
itself survives the first 3 days by plasmatic imbi-
bition, a process whereby nutrients are absorbed
from the wound bed to ensure survival of the graft.
Almost simultaneously, blood vessels on the edge of
the graft line themselves up with capillaries on the
wound bed edge and start a primitive early circu-
lation, a process called inosculation. Then new ves-
sels (neovascularisation) begin to form to establish a
blood supply to ensure the long-term survival of the
skin graft. During this period, the graft needs to be
protected from mechanical interference and move-
ment, from contamination and from collections of
blood or fluid that could accumulate beneath the
skin graft lifting it from its bed and preventing
inosculation and vascularisation. Dressings should
be carefully chosen to provide stability and absorb
exudate during the critical first few days of the pro-
cess and moist wound dressings such as silicone
wound-contact layers have the best outcomes and
are well accepted by patients (Wiechula, 2003). The
graft site should be assessed daily and redressed
every few days depending on the dressing product
used. A retentive dressing is placed over the pri-
mary dressing, but care must be taken to ensure it
is not too tight and does not restrict blood flow.

Most skin grafts do better if covered by an
absorbent, low-adherent, compression dressing for
the first 7–10 days. In certain situations, however
(facial burns, etc.), the surgeon may elect to leave
the graft exposed so that excess fluid can be ‘milked’
from under the graft ensuring a good percentage
‘take’ of the skin graft. Even after skin grafts have
taken (approximately a 10-day period), caution is
needed to protect them for the next 3–4 weeks
to ensure long-term survival. The patient should
be instructed on suitability for bathing, protective
dressings, compression according to a treatment
plan tailor-made to suit the wound, any coexisting
disease and personal circumstances.

Skin grafts may take many months to reach full
stability and strength, during which time they are
susceptible to mechanical trauma and infection. As
time progresses (particularly after 3 weeks) the like-
lihood of rejection is greatly diminished. The donor
area of a split-thick skin graft consists of epithelial
cells interspersed in a bed of dermal adnexal struc-
tures. It is from these structures that epithelial cells
arise, grow, divide and heal the wound; this process
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requires a stable moist wound environment. The
donor site needs to be protected from mechanical
abrasion, contamination and fluid collection. In the
elderly, where adnexal structures may be limited
and the process of epithelialisation is slow, seri-
ous consideration must be given to the choice of
split skin grafting to avoid the creation of a second
chronic wound compounding the initial problem.

Full-thickness skin grafting is undertaken where
the wound involves total loss of skin. The graft com-
prises epidermal and dermal components and on
occasion may include other structures such as carti-
lage in a composite graft. In most cases, these grafts
require good compression and techniques such as
tie-over dressings may be used to secure the dress-
ing onto the surface of the graft ensuring good
compression and contact with the wound bed. ‘Tie-
over’ pressure dressings are often made of sponge
or foam and are sutured or stapled on top of the
full thickness skin graft. They must stay intact for a
minimum of a week and must not be removed. This
allows capillary regrowth to re-establish the blood
supply and prevents collection of fluid beneath the
graft. Tie-over dressings are usually removed after
7–10 days at which time a good assessment of early
graft take can be made.

The principles of postoperative management of
skin grafts (Table 14.3) need to be carefully followed
to ensure success. It is interesting how in recent
years, negative-pressure wound therapy (NPWT)
has surpassed the use of flaps to treat many com-
plex wounds. Many cases, such as lower limb
defects with exposed bone that would previously
been selected for free tissue transfer now have
NPWT used temporarily to encourage granulation
tissue growth over exposed structures and then sec-
ondary reconstruction with a much simpler skin
graft becomes an option (Levin, 2008). In this way,
the ‘reconstructive ladder’ that was used to choose
a reconstruction based on the complexity of the
wound, the health status of the patient and the long-
term result has been altered by the introduction of
this new technology.

Constant vigilance for skin graft or flap failure
is important. Signs to observe include oedema,
swelling, discolouration (blue venous congestion
or black demarcation of a flap denoting circula-
tory failure particularly in first 48 hours), pain,
dehiscence/separation of the flap/graft from sur-
rounding tissue (over first 10 days). The quicker
any of these signs are observed and action taken,

the better. The action may involve various medi-
cations to stimulate circulation: simple removal of
sutures in a tension area; drainage of a haematoma;
re-exploration and reanastomosis of vessels in free
tissue transfers. With free tissue transfer, the anaes-
thesiologist has a major responsibility during the
procedure and immediately after surgery to ensure
constant maintenance of blood pressure to ensure
good flow to the flap reconstruction area. Main-
tenance of general and local body temperature
is also important. Various objective flap monitor-
ing devices (oxygen, temperature, circulation) are
available to recognise imminent flap failure but sim-
ple vigilance and knowing what to look for can pre-
vent major complications with this type of surgery.

Education and support

Patients need to be fully informed about the process
of looking after their postoperative wounds espe-
cially as they are discharged home early. They need
to be taught the early signs of wound infection:
increased pain/tenderness, redness and warmth of
the surrounding skin, increased exudate, for exam-
ple, serous fluid, pus and should be told to report
these signs and symptoms to a healthcare profes-
sional without delay (NICE, 2008).

The instructions that follow are generic as dif-
ferent wounds, types and location of surgery will
necessitate variation to these instructions.

Patient education for postoperative wound man-
agement should include the following information:

(1) likely frequency of dressing change;
(2) explanation of how to remove wound dress-

ing and tapes;
(3) instructions on how to cleanse the wound and

periwound skin;
(4) correct application of new dressing and dis-

posal of soiled dressings;
(5) anticipated date of removal of wound

drainage/suture/other skin closure;
(6) where to obtain supplies necessary for dress-

ing change;
(7) what activities to avoid, for example, strenu-

ous exercise;
(8) avoidance of self-prescribed or traditional

remedies;
(9) knowing when to seek advice from a health-

care professional;
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Table 14.3 General principles: postoperative management of skin grafts

Principle Action

� Compressive dressing to prevent
collection of blood, serum, pus
accumulating beneath skin graft or flap

Gently pack defect with a moist dressing and securely bandage in place
or use ‘tie over dressing’ to secure graft in place. For flaps apply low
adherent primary dressings making sure not to compromise circulation.

� Constant observation of wound
especially in first 48 hours for signs of
graft or flap failure

Early identification of signs of infection: increasing redness, oedema,
pain, warmth, bleeding or purulent drainage or accumulation of serous
fluid at the surgical site. Refer to surgeon immediately.

� Prevent swelling or mechanical damage
to flap or graft

Elevate affected limb to prevent oedema. First allow dependent hanging
of limb over side of bed, then graded mobilisation over a time period to
full weight bearing

� Prevent collection of moisture in wound
from exudate, incontinence

Protect incision line from risk of infection with absorbent, low adherent
dressings.

� Remove sutures when appropriate (early
enough to prevent poor scarring and late
enough to prevent dehiscence)

Timing of suture removal depends on individual wound characteristics
and location.

� Prevent risk of further trauma Immobilisation and protection of lower extremity grafts and flaps is
necessary for 3–6 weeks. Restrict mobility for patients with grafts/flaps
on lower limb for 10 days to 2 weeks depending on size, site and nature
of the reconstruction.

(10) how to manage scar;
(11) contact details of whom to contact in case of

concern;
(12) when to come back to follow-up appointment.

Criteria for specialist referral

Those caring for patient after surgery need to
understand the surgical procedure, its inherent
risks and knowledge of the patient’s comorbidi-
ties to identify postoperative wound complications
as early as possible. Complications obviously vary
depending on the type of surgical procedure but
advice should be sought initially from the surgeon
who performed the procedure if any of the follow-
ing circumstances apply:

� haematoma formation and inadequate drain-
age;

� wound dehiscence;
� wound infection and sepsis;
� abnormal scarring (hypertrophic/keloid scar-

ring).

Factors known to affect tissue repair like smok-
ing, diabetes, cardiovascular disease, lung disease,
blood loss and length and type of surgical proce-

dure are important predictors of wound complica-
tions. A study by Sørensen et al. (2005) highlighted
the value of identifying patients at high risk of
developing wound problems prior to surgery and
suggests development of surgical pathways would
help to improve patient’s preoperative condition
with the aim of reducing postoperative wound
complications.

Summary

Surgical wounds may present with healing prob-
lems in a variety of different ways. If the wound
is closed and clean, the primary goal is to keep
it this way by reducing risk factors pertaining to
the general health of the patient, the avoidance of
SSIs and informing the patient on caring for the
wound. Various principles are important to follow
before, during and after surgery and interventions
related to these periods appear to improve chances
of uneventful wound healing.

Techniques for closure and reconstruction of
surgical wounds differ and necessitate distinct
management options for the differing methods
of closure. Complications of surgical wounds
including dehiscence, infection and bleeding may
involve specialised interventions but in most cases,
the well-defined principles of wound care are
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applicable. Wound management does not end with
closure, as healing outcome is also impacted by the
appearance and sensitivity of the resultant scar. Scar
management should therefore be part of all surgical
wound management programmes. Patient informa-
tion, multidisciplinary co-operation, integration of
services and psychosocial support are essential to
provide the patient with a comprehensive surgical
wound care strategy.

Useful resources

NICE (2008) Clinical Guideline 74 – Surgical Site Infection.
Prevention and Treatment of Surgical Site Infection. Avail-
able at: www.nice.org.uk

World Health Organization (2009) Guidelines for Safe
Surgery: Safe Skin Surgery Saves Lives. Available in Span-
ish, Chinese, Arabic, French, Russian. Available at:
http://www.who.int/patientsafety/safesurgery/en/
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Introduction

Wounds can be difficult to manage for a variety of
reasons and at best may cause misery for patients
and at worst may be life-threatening. Many wounds
do not heal simply due to inappropriate clinical
management. There are many reasons for this
including a lack of knowledge and understanding
by the clinician, inadequate resources, reliance on
outdated practices or failure to refer to specialist
colleagues.

The aim of this chapter is to provide a concise,
practical guide to wounds that may be mismanaged
due to lack of clinical experience. These wounds
are not seen in everyday clinical practice and as a
result there is less shared expertise to help guide
best practice. The following types of wounds are
discussed:

� body piercings;
� bullous pemphigoid;
� calciphylaxis;
� fistulas;

� necrotising fasciitis;
� pyoderma gangrenosum;
� self-inflicted wounds;
� skin tears.

BODY PIERCINGS

Overview

The trend in body piercings has grown over the past two
decades with a prevalence as high as 50% in some pop-
ulations (Mayers et al., 2002). Piercings are most com-
monly found in the ears as well as eyebrows, lips, tongue,
nose, chin, uvula, navel, nipple and genitals. Metals such
as nickel alloy and gold-plated jewellery are most likely to
cause allergic reactions. Reasons for piercing range from
aesthetics, ritual initiation to sexual stimulation. As many
piercings are performed by individuals themselves or by
unlicensed personnel, the rates of complications are dif-
ficult to ascertain; however, estimates are as high as 30%
(Stirn, 2003). Persons experiencing complications may
be reluctant to seek care due to embarrassment or fear
that the jewellery needs to be removed (Caliendo et al.,
2005).
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Risk factors (post-piercing infection)

� Anatomic location of piercing;
� Diabetes;
� HIV infection or other immunosuppressive dis-

orders;
� Corticosteroids or other immunosuppressive

medicines;
� Clinical expertise of piercer;
� Post-piercing hygiene and aftercare;
� Delay in seeking treatment.

Factors delaying healing

� Anatomic location of piercing;
� Trauma associated with piercing;
� Continued presence of a foreign body;
� Unsterilised or improperly sterilised piercing

equipment;
� Allergy to metal jewellery.

Complications

� Uncontrolled bleeding;
� Local infection – abscess, cellulitis (most com-

monly Group A Streptococcus, Staphylococcus
aureus, Pseudomonas, MRSA);

� Sepsis;
� Contact dermatitis;
� Keloid formation, permanent scarring;
� Transmission of hepatitis B, C and D, HIV, lep-

rosy and tuberculosis;
� Risk of tetanus;
� Non-menstrual toxic shock;
� Accidental traumatic tearing;
� Infected breast implants, endocarditis, granu-

lomatous mastitis and minor duct damage –
nipple piercings;

� Altered speech, tooth/gum damage, swollen
lips, difficulty swallowing, permanent nerve
damage and airway obstruction from aspiration
of jewellery and post-piercing swelling from
tongue and oral piercings;

� Auricular perichondritis, leading to permanent
deformity such as ‘cauliflower ear’, ear piercing;

� Sterility and urethral strictures – genital pierc-
ings.

Principles of wound management

The aims of wound management for individuals
with body piercings are to:

(1) promote effective self-care to maximise heal-
ing;

(2) minimise risk of wound infection, sepsis and
development of long-term complications.

Practical management

� Health care professionals should be proactive
in educating adolescents and adults about the
risks of body piercings and that healing may
take time.

� Individuals should have a tetanus vaccination
before body piercing if they have not had one in
the past 10 years.

� Individuals with a predisposition to hyper-
trophic or keloid scarring should be advised
that body piercing is associated with high risk
of recurrence.

� Antibiotic prophylaxis should be considered in
those with corrected congenital cardiac condi-
tions who are contemplating piercings.

� Wound management should take into account
the specific body part involved. Genital pierc-
ings can be especially problematic due to the
local environment, which can delay healing for
as long as 6–9 months.

� Piercings should be cleaned with clean, warm
water. There is no evidence to support the use
of salt water or other topical preparations, such
as antibiotics, antiseptics and lavender oil, to
promote healing.

� Antibacterial mouthwash can be used three to
four times a day to promote healing of mouth
or tongue piercings.

� Application of topical preparations is more
likely to increase the risk of infection due to
poor handwashing and contamination of topi-
cal treatments and may cause skin sensitivities.

� Antimicrobial therapy should be given early
in the course of infection as sepsis is often
difficult to treat. Treatment should include
broad-spectrum antibiotics (including anti-
pseudomonal coverage), for example with
ciprofloxacin when oral antibiotics are appro-
priate. If infection is severe or slow to res-
pond, more aggressive measures should be
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considered, including surgical drainage and
intravenous antibiotics.

� If complications occur, management should
focus on prevention of endocarditis and devel-
opment of sepsis.

Practical tips
� Piercing guns should be avoided, especially for

cartilaginous piercings as this increases the risk
of infection due to tissue damage from blunt
trauma (Das, 2002; Keene et al., 2004).

� Stress the importance of handwashing before
touching unhealed piercings and touch as infre-
quently as possible to minimise infection risk.

� Jewellery should not be removed or changed
during healing to maintain the piercing and pre-
vent closure.

� If infection is suspected, removal of jewellery
may encourage abscess formation, retaining
the jewellery at the site may facilitate better
drainage.

� If healing is delayed then the jewellery should
be removed and referral to a surgeon for
drainage should be made.

� Loose clothing should be worn over unhealed
piercings as tight clothing can cause friction, irri-
tation and increased moisture, leading to skin
maceration, and the risk of bacterial or fungal
growth.

� Piercings will usually take several months to
heal fully. Advise individuals not to play with
or chew on their piercing as this can lead to the
formation of scar tissue.

Healing rates

Healing is generally slower in pierced sites due to
the factors highlighted above. One of the most com-

Figure 15.1 Persistent infection associated with navel pierc-
ing. Photo courtesy of Dr Peter Molan.

mon reasons for delayed healing is persistent low-
grade infection (Figure 15.1).

Healing rates are approximate and are dependent
on site and host specific considerations (Table 15.1).

Criteria for specialist referral
� Delayed healing of piercing after considering

variations in healing rates;
� Unresolved local infection, spreading cellulitis,

sepsis;
� Refer to surgeon for drainage of any abscess

formation;
� Unexplained fever, malaise, muscle or joint pain

within 4 months of a body piercing (consider
infectious endocarditis);

� Signs of cardiac, urology or neurological com-
plications;

� Hypertrophic or keloid scarring, skin tears.

Table 15.1 Healing rates for body piercing

Anatomical location of piercing Complete healing (typical) Complete healing (maximum)

Face and mouth 6–8 wk 3 mo
Earlobe 4–6 wk 3 mo
Cartilage and tragus (ear) 4–6 mo 1 yr
Nipple 2–3 mo 6–8 mo
Navel 3–4 mo 9 mo
Genital 3–4 mo 9 mo

Source: Data from Stirn (2003), Mayers et al. (2002) and Antoszewski et al. (2009).
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Summary

Most body piercings will eventually heal without
significant complication although up to a third
may result in superficial localised infection. Indi-
viduals contemplating body piercings should be
made aware of the risks associated with delayed
healing and subsequent scarring so that they can
make an informed choice. They should under-
stand the importance of post-piercing aftercare and
know when and where to seek professional medical
advice if concerned.

Further reading

The Association of Professional Piercers. Available at:
http://www.safepiercing.org
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BULLOUS PEMPHIGOID

Overview

Pemphigus vulgaris (PV) and bullous pemphigoid (BP) are
rare autoimmune blistering diseases. IgG autoantibodies
bind to the skin basement membrane in patients with
pemphigoid disorders activating inflammatory mediators.

In BP, autoantibodies attack the basement membrane of
the epidermis causing subepidermal bullae (large blisters)
which are less fragile than those of PV. Patients with BP
usually have lots of intact, tense bullae, rather than rup-
tured blisters covered with scabs. In contrast, the autoan-
tibodies of patients with PV disrupt the intercellular junc-
tions in the epidermis, causing big, flaccid blisters that
burst scab and expose the underlying dermis. Patients
with PV often present first with mouth ulcers and later
develop bullae on the skin.

BP is more common than pemphigus and most com-
monly affects persons 70 years of age or older (Langan
et al., 2008). BP often requires long-term use of immuno-
suppressive agents and recurrence is common. Drug-
induced BP develops in a small subgroup of patients.
Penicillamine and furosemide are most frequently impli-
cated, although cases associated with captopril, penicillin
and its derivatives have been reported.

Risk factors
� Associated with other autoimmune diseases, for

example, myasthenia gravis;
� Triggered by environmental factors, for exam-

ple, drugs, stress, pregnancy (removal of the
trigger factor does not bring about resolution
of the condition.);

� Older age groups;
� Patients taking multiple medications;
� Ultraviolet irradiation, radiotherapy.

Differential diagnosis

Differential diagnosis includes other blistering dis-
eases of the skin and mucous membranes:

� dermatitis herpetiformis;
� bullous drug eruptions;
� epidermolysis bullosa;
� erythema multiforme impetigo, which may be

mistaken for the various stages of bullous pem-
phigoid;

� urticaria;
� bullous eruption of systemic lupus erythemato-

sus.

Clinical features
� Initial presentation varies.
� Pruritus may be initial manifestation (before

appearance of lesions).

http://www.safepiercing.org
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� A rash may appear before blisters. Skin blisters
are widespread appearing on normal or erythe-
matous skin.

� Blisters commonly occur in the flexural areas,
groin and axillae.

� Blisters extend rapidly and burst.
� Erosions may be evident after the blisters break.
� Nail lesions may occur (paronychias, nail dys-

trophies and subungal haematomas).
� The oral cavity is most often affected.
� Bullae in the mouth are painful and heal slowly.
� Other mucous membranes (conjunctivae,

oesophagus and genitalia) may be involved.

Factors delaying healing
� Immune suppression;
� Corticosteroid treatment;
� Local infection/secondary infection.

Complications
� Wound/skin infection;
� Secondary infection related to immunosuppres-

sive treatment;
� Glucocorticoid-induced bone loss, heart dis-

ease, hypertension, diabetes, gastric ulceration,
agranulocytosis;

� Pressure ulceration;
� Death (related to coexisting disease).

Principles of wound management

The aims of wound management for lesions caused
by bullous pemphigoid are to:

(1) reduce blister formation and determine the
minimal dose of medication necessary to con-
trol the disease process;

(2) ensure that all therapeutic regimes are individ-
ualised to the patient and any pre-existing con-
ditions;

(3) promote healing of blisters and erosions;
(4) monitor patient’s progress until they are in

complete remission and treatment can be
stopped.

Practical management
� Take a detailed past medical history, as this

may reveal triggers associated with bullous
pemphigoid (e.g. chronic inflammatory skin
conditions) and medications (e.g. antibiotics,
furosemide).

� Proper diagnosis is necessary to determine if
bullae are related to the disease or are drug-
induced, but diagnostic criteria are not clear-cut.

� Treatment of bullous pemphigoid depends on
the severity of the disease.

� For localised disease, potent topical steroids
plus systemic anti-inflammatory (tetracycline
and nicotinamide) may be sufficient.

� Topical steroids are better tolerated than oral
steroids in the elderly.

� For more severe cases, systemic steroids along
with immunosuppressives may be needed to
control the disease.

� Treatment to help prevent osteoporosis: cal-
cium and vitamin D supplements should be
commenced to prevent osteoporosis if systemic
steroids will be given for more than 1 month.

� Small blisters benefit from application of topi-
cal steroids, but large, raw, denuded skin bene-
fits from a moist wound environment. Silicone
wound contact layers are useful to cover large
areas and minimise further trauma.

� For exudating or bleeding wounds, alginates
help control exudate and maintain a moist
wound environment.

This section is based on best practice described
by Wojnarowska et al. (2002), Kirtschig et al. (2010),
and Walling and Sontheimer (2009).

Criteria for specialist referral
� Clinical suspicion of bullous pemphigoid or

other blistering diseases;
� Signs of sepsis;
� Rapid deterioration of lesions;
� Uncontrolled pain.

Summary

BP is a chronic inflammatory disease which is
usually self-limiting within 2–5 years, if treated
appropriately. But it can persist with remissions
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and exacerbations for many years. During a flare
up large areas of the skin can blister and break
down incapacitating the patient and have a huge
impact on quality of life. Mortality is associated
with older patients and those who have exist-
ing co-morbidities. The immunosuppressant effects
of treatment cause many side-effects including
delayed healing and need to be carefully monitored.
A multidisciplinary approach and referral to those
who have specialist experience of managing these
patients are essential.

Further reading

Schmidt, E., della Torre, R., Borradori, L. (2011) Clin-
ical features and practical diagnosis of bullous pem-
phigoid. Dermatologic Clinics, 29(3), 427–438, viii–ix.

Walling, H.W., Sontheimer, R.D. (2009) Cutaneous
lupus erythematosus: issues in diagnosis and treat-
ment. American Journal of Clinical Dermatology, 10(6),
365–381.
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CALCIPHYLAXIS

Overview

Calciphylaxis is a rare, debilitating condition in which cal-
cification of small- and medium-sized arteries (most com-
monly, cutaneous and subcutaneous arterioles) occur in
patients with renal disease. Calciphylaxis causes ischemic
necrosis of the dermis, subcutaneous tissue, muscle,
fascia (calciphylaxis cutis) and internal organs (visceral
calciphylaxis), leading to calcification of the soft tis-

sues. Incidence is estimated at 1% per year in patients
undergoing dialysis (Ng and Peng, 2011). Co-morbidities
associated with calciphylaxis include chronic renal fail-
ure, diabetes, hypercalcaemia, hyperphosphataemia and
secondary hyperparathyroidism. These abnormalities are
common in patients with end-stage renal disease. Those
who develop calciphylaxis have often undergone renal
transplant.

Risk factors
� End-stage renal insufficiency;
� Diabetes;
� Hypoalbuminaemia;
� Caucasian race;
� Female gender;
� Obesity;
� Warfarin;
� Corticosteroids or other immunosuppressive

medicines.

Differential diagnosis
� necrotising fasciitis;
� Pyoderma gangrenosum;
� Bullous pemphigoid;
� Vasculitis;
� Erythema nodosum;
� Lupus erythematosus.

Clinical features
� Calciphylaxis lesions develop suddenly and

progress rapidly, generally on the lower extrem-
ities, hands and torso.

� Present as multiple, mottled, erythematous
papules, plaques or nodules and develop
into stellate, purpuric (star-shaped, purplish)
lesions that develop into black, painful, necrotic
wounds, resulting in deep, extensive dry gan-
grene.

� Lesions typically occur in areas with high adi-
pose tissue content, including abdomen, thighs,
calves and buttocks, with ischemic necrosis
occurring in fingers and toes.

� Pain can be unbearable, burning with intense
itching.

� Prognosis is poor with up to 6 months’ life
expectancy after skin breakdown.

� Diagnosis is confirmed by skin biopsy.
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Factors delaying healing
� Elevated levels of serum calcium and phos-

phate;
� Inadequate blood supply;
� Increased clotting times.

Complications
� Haematoma;
� Tissue necrosis;
� Secondary infection of wounds and sepsis;
� Pressure ulceration;
� Amputation.

Principles of wound management

The aims of wound management for lesions caused
by calciphylaxis are

(1) prevention of further calcification occurring in
the soft tissues;

(2) prevention of further skin breakdown and sta-
bilisation of any remaining viable tissue;

(3) minimising risk of wound infection and sepsis;
(4) preparation of the wound bed for healing or

skin grafting.

Wound treatment should be implemented
quickly and monitored carefully.

Practical management
� Judicious antibiotic therapy should be insti-

gated and guided by microbiological wound
cultures.

� Aggressive surgical debridement of necrotic
tissue is contraindicated until perfusion status
is established. Arterial Doppler/ABI should
be used to determine perfusion to lower leg
wounds (Martin, 2008).

� The decision to debride wounds, and to what
extent, depends on the patient’s overall health
and the clinical picture.

� Leave stable eschar intact to maintain skin
integrity and minimise infection risk. Remem-
ber, surgical debridement may increase risk of
sepsis and is likely to worsen wound pain.

� Patients with calciphylaxis may have prolonged
bleeding times due to uremia; surgical debride-
ment should be approached cautiously.

� Moist necrotic tissue should be debrided using
selective debriding agents such as hydrogels,
larvae, chemical debridement using enzymatic
agents.

� Vacuum-assisted closure therapy has been suc-
cessful in several cases of calciphylaxis after sur-
gical debridement and prior to skin grafting.

� Pain management is important especially prior
to dressing procedures, and consultation with
pain-management specialists may be necessary.

� Pain management is difficult as some anal-
gesics work for some but not all patients.
Ketamine 10% combined with hydrogel, opi-
oids, gabapentin, amitriptyline can help control
the pain. Over-the-counter analgesia is ineffec-
tive.

� Patients with calciphylaxis are at high risk of
pressure damage. Implementation of a pressure
ulcer prevention programme is essential to min-
imise further skin breakdown.

� Antimicrobial dressings moistened with hydro-
gel and covered with a silicone foam dressing
can help minimise infection and maintain mois-
ture to promote autolytic debridement.

� Use low-adherent dressings (silicone foam
dressings, nonadherent foam, nonadherent
layer under cover dressing) to minimise trauma
and secondary skin tears.

� Avoid exacerbating ischaemia by checking ban-
dages and dressing tapes such that they are not
too tight.

This section is based on best practice described
Martin (2004) and Chetan et al. (2012).

Criteria for specialist referral
� Clinical suspicion of calciphylaxis;
� Signs of sepsis;
� Rapid deterioration of necrotic lesions;
� Uncontrolled pain.

Summary

The diagnosis of calciphylaxis should be consid-
ered in patients with end-stage renal disease and
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atypical tissue necrosis or subcutaneous nodules.
Early recognition of calciphylaxis and multidisci-
plinary treatment, including diligent wound care,
frequent debridement and appropriate revascular-
isation, can result in improved wound healing and
limb salvage.

Further reading

Hess, C.T. (2002) Calciphylaxis: identification and wound
management. Advances Skin Wound Care, 15(2), 64.

Arseculeratne, G., Evans, A., Morley, S. (2006),
Calciphylaxis–a topical overview. Journal of the Euro-
pean Academy of Dermatology and Venereology, 20, 493–
502.

Feeser, D.L., Calciphylaxis. Journal of Wound, Ostomy and
Continence Nursing, 2011, 38(4), 379.
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FISTULAS

Overview

A fistula is an abnormal opening or tract between two
or more organs or spaces. This can involve a communi-
cation tract from one body cavity or a hollow organ to
another hollow organ or the skin. Fistulas may develop
in a dehisced wound or a surgical incision. Simple fistu-
las have a short direct tract and no organ involvement.
Complex fistulas have multiple organ involvement. Fis-
tula with a high output may produce >200 mL of fluid
in 24 hours, which is difficult to contain and distressing
for patients (Lee 2012). Many patients with fistulae are
severely debilitated and immunocompromised, and as
a result fistulae development has a significant mortality
rate. Fistula management is complex and requires expert
clinical knowledge, critical thinking and a high degree of
technical skill.

Risk factors

Risk factors are dependent on the type of fistula
formation, but in general include

� Co-existing disease: IBD, Crohn’s disease,
malignancy;

� Emergency surgical procedures;
� Radiation therapy;
� Infection;
� Steroid therapy;
� Malnutrition.

Diagnostic procedures
� Blood to assess electrolyte status;
� Blood cultures if infection suspected;
� Fistulagram indicates location, communicating

tracts, abscess;
� Computerised tomography.

Clinical features

The clinical presentation of fistulas varies by type.
Symptoms depend on the anatomical location
and/or the organs involved but are typically:

� malaise;
� fever;
� failure to recover after abdominal surgery;
� pain and tenderness at fistula site;
� skin/wound breakdown at fistula site;
� odour;
� dehydration;
� electrolyte imbalance;
� sepsis;
� malnutrition.

Factors delaying healing
� Coexisting diseases: IBD, malignancy;
� Inadequate blood supply;
� Distal obstruction;
� Poor surgical technique;
� Abscess formation/sepsis;
� Malnutrition.

Complications
� Multiple organ involvement;
� Dehydration;
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� Fluid and electrolyte imbalance;
� Malnutrition;
� Abscess formation;
� Sepsis;
� Perifistula skin excoriation and breakdown;
� Scar tissue;
� High risk of pressure ulceration.

Principles of wound management

The aims of fistula management are

(1) containment of the fistula effluent and odour;
(2) maintenance of fluid, electrolyte balance and

nutritional support;
(3) promotion of healing of an open wound with a

draining fistula;
(4) prevention and management of peri-fistular

skin breakdown;
(5) education of carers and support staff in man-

agement of drainage system.

Patients require a complex, individualised plan
of care involving a multidisciplinary approach.

Practical management
� Patients with fistula require nutritional support

to promote spontaneous closure of fistula and
wound healing. Those with low-output fistula
will require enteral nutrition whereas those with
high-output fistula will require parenteral nutri-
tion.

� Fistula output must be accurately measured so
that an appropriate management strategy can
be implemented.

� Effluent management, especially when located
within a wound, is difficult because the tissue
around the fistula does not facilitate adhesion.

� Skin protection may include liquid skin
sealants, ostomy paste/strips, hydrocolloids,
absorbent dressings, ostomy powder, pouch-
ing systems, continuous drainage devices, suc-
tion drainage, negative-pressure wound ther-
apy (NPWT).

� Before pouching a fistula, evaluate the patient’s
abdominal contours when sitting, lying and
standing to ensure a good fit.

� Complex pouching methods using adhesive
barriers, skin protectants and drainage bags are
required to achieve fistula containment and pre-
serve skin integrity while preventing wound
contamination.

� A Foley catheter may be carefully inserted into
the fistula to direct the flow of effluent into the
fistula pouch.

� NPWT may be used to control high-output fis-
tula drainage and odour and accelerate fistula
closure by promoting wound healing.

� Prior to discharge ensure the patient/carer
know how to change the pouch and protect the
skin, when to seek advice and where to get sup-
plies.

� Use a hair dryer to warm the stomahesive or
hydrocolloid wafers before applying to the peri-
wound skin as this facilitates moulding and
adhesion.

� Patients should be encouraged to rest for 15
minutes after application of drainage system to
allow body heat to enhance product adherence.

This section is based on best practice described by
McNaughton et al. (2010), Datta et al. (2010), and
Lee (2012).

Criteria for specialist referral
� Fistulae that have failed to close after 8 weeks

of conservative, non-operative management are
likely to require surgical repair but should ide-
ally have been free from infection for 6–8 weeks.

Indications for surgical intervention
� Epithelium-lined tract or stoma has formed;
� Distal obstruction;
� Foreign body in fistula tract;
� Formation of large abscess.

Summary

Skin and wound management is an important
aspect of the overall medical and surgical man-
agement of patients with fistulas and signifi-
cantly improves patient well-being. When man-
aged correctly, conservative measures help pre-
pare the patient for surgical repair if the fistula
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does not spontaneously close. Caring for patients
with high-output fistula requires teamwork and
advanced clinical skills, including familiarity of
wound, stoma and skin barrier products and cre-
ativity to maximise user wear time and gain patient
confidence.

Further reading

Schecter, W.P., Hirshberg, A., Chang, D.S., et al. (2009)
Enteric fistulas: principles of management. Journal of
the American College of Surgeons, 209(4), 484.
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NECROTISING FASCIITIS

Overview

Necrotising fasciitis (NF) is a soft tissue infection that pro-
gresses rapidly, threatens limbs, causes toxic shock and
if left untreated will cause death (Bucca et al., 2012). It
is a necrotising infection involving any layer of the deep
soft tissue compartment (dermis, subcutaneous tissue, fas-
cia or muscle). This infection is usually of polymicro-
bial aetiology and may occur following a minor injury
or surgery. Fournier’s gangrene is a necrotising infection
that involves the genital area (commonly found organisms
in patients with NF are A. streptococcus, Staphylococ-
cus, Pseudomonas, E. coli, Haemophilus apnroilus that
cause toxic shock and haemodynamic instability) (Anaya
and Dillinger, 2007; Mullangi and Khardori, 2012). Quick

Figure 15.2 Early presentation of necrotizing fasciitis show-
ing typical skin discolouration. Photo courtesy of Gulnaz Tariq.

diagnosis and early aggressive treatment are vital to help
prevent serious complications. Misdiagnosis can seri-
ously delay healing. NF is often misdiagnosed for celluli-
tis (see Figure 15.2), deep tissue thrombosis or abscess
(Machado, 2011). Amputation of the affected limb may
be necessary to stop the spread of infection. Mortality
rates are estimated at 40–76% (Bucca et al., 2012).

Risk factors
� Comorbidities: immune suppression, tuberculo-

sis, chronic liver/renal disease, diabetes, malig-
nancy, chronic leg ulceration.

� Skin trauma: insect bites, frostbite, surgery, soft
tissue contusion.

� Lifestyle factors: alcohol abuse, intravenous drug
abuse.

Differential diagnosis
� Cellulitis or erysipelas;
� Erythema induratum (nodular vasculitis);
� Pyoderma gangrenosum;
� Limb ischemia, compartment syndrome;
� Deep vein thrombosis or thrombophlebitis;
� Osteomyelitis with soft tissue involvement.
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Clinical features

Local
� Erythema, oedema and pain;
� Severe pain out of proportion to physical signs

(important feature);
� Pain (not relieved by narcotics);
� Tenderness extends beyond apparent area

involvement (unlike cellulitis);
� Dusky blue skin discolouration (cyanosis/

mottling);
� Purpura or a haematoma;
� Bullae;
� Necrosis;
� If skin breaks down, probing with a blunt instru-

ment will easily separate the superficial fascial
planes.

� Malodorous discharge;
� Crepitus;
� Loss of sensation and pain resolution (late

stage).

Systemic
� Patient feels very unwell: flu-like symptoms;
� Low- to high-grade fever;
� Muscle pain;
� Nausea and vomiting;
� Hemodynamic instability;
� Tachycardia;
� Tachypnea;
� Decreased urine output;
� Altered level of consciousness;
� Signs of toxic shock, for example, pyrexia, ery-

throderma, vomiting, diarrhoea.

Factors delaying healing
� Delayed or misdiagnosis;
� Poor surgical technique;
� Vascular occlusion, ischaemia;
� Tissue and muscle necrosis;
� Septicaemia;
� Co-morbidities.

Complications
� NF carries a significant mortality rate;
� Septic or toxic shock (latter due to streptococcal

endotoxin production);

� Soft tissue involvement may lead to vascu-
lar occlusion, ischemia and subsequent tissue
necrosis, nerve damage and/or muscle necrosis;

� Large area tissue destruction often requires
skin grafting, reconstructive surgery or possi-
ble amputation.

Principles of wound management

If there is strong clinical suspicion of necrotising
fasciitis, exploratory surgery is urgently required,
as diagnosis depends on clinical features: lack of
bleeding, thrombosed vessels, lack of resistance
to finger dissection, grey necrotic tissue and non-
contracting muscle.

The immediate aims of surgical wound manage-
ment are

(1) Extensive surgical debridement of devitalised
tissue to remove infected tissue and preserve
viable tissue.

(2) Commence intravenous, broad-spectrum
antibiotics at high doses. These should cover
Streptococci, Staphylococci, Gram-negative
rods and anaerobes.

(3) Admission to the intensive care unit for hemo-
dynamic stabilisation which often includes
intubation.

(4) Preparation of the wound bed for healing
and/or skin grafting.

Practical management

The wound must be observed closely for signs
of deterioration. Any concerns should be reported
immediately.
� Surgical debridement may be required several

times, until the infection is controlled.
� Antibiotic treatment should be discussed with

the microbiologist and should be adjusted once
culture results are known.

� Extensive surgical debridement creates large
open wounds. Closure of the wound is by
secondary intention. Vacuum-assisted wound
closing devices and skin grafts may promote
healing.

� Optimal healing is achieved with the use of
advanced wound products that maintain a
moist environment, absorb wound exudate and
minimise trauma on removal.
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� Due to the large size of wounds, dressing
changes are complicated and take time to com-
plete. This should be planned for and support
asked for from colleagues.

� Nutritional support (parenteral or enteral) is
essential due to the high protein and fluid loss
from the wound. Patients may need twice their
basal calorie requirements.

� Patient and caregiver should be vigilant for
signs of infection. Patients should report any
signs of infection such as odour, change in exu-
date, fever, new onset of pain to health care
providers immediately.

This section is based on best practice described by
Machado (2011), Bucca (2012), and Schuster and
Nuñez (2012).

Criteria for specialist referral
� Once NF is suspected or diagnosed, an urgent

referral to a multidisciplinary team with expe-
rience of managing NF is essential.

� The team should consist of a general surgeon,
orthopaedic surgeon (if potential for limb-loss
exists), plastic surgeon, infectious disease spe-
cialist, microbiologist, urologist (in cases of
Fournier’s gangrene), intensive care staff and
dietician.

Summary

If not promptly diagnosed and treated, NF can
progress rapidly to systemic toxicity and death.
Once suspected, management should consist of
immediate resuscitation, early surgical debride-
ment and administration of broad-spectrum intra-
venous antibiotics. NF is part of a spectrum of rare
necrotising soft tissue infections so diagnosis can
be difficult for clinicians unfamiliar with it. This
may lead to treatment delays which can result in
amputation or fatalities and is made worse by the
innocuous clinical signs and symptoms during the
early course of the infection as seen in Figure 15.2.

Further reading

Morgan, M.S. (2010) Diagnosis and management of
necrotising fasciitis: a multiparametric approach. Jour-
nal of Hospital Infection, 75(4), 249–257.

Nisbet, M., Ansell, G., Lang, S., Taylor, S., Dzendrowskyj,
P., Holland, D. (2011) Necrotizing fasciitis: review of
82 cases in South Auckland. Internal Medicine Journal,
41(7), 543–548.
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PYODERMA GANGRENOSUM

Overview

Pyoderma gangrenosum (PG) is a rare autoimmune ulcer-
ative skin condition of uncertain aetiology. The name
refers to ulcers that develop with a blue-black edge which
progressively get worse as seen in Figure 13.4 (see Chap-
ter 13) Approximately half of patients with PG have an
underlying systemic disease such as ulcerative colitis,
Crohn’s disease, chronic active hepatitis and rheumatoid
arthritis (Miller et al., 2010). It affects males and females
at any age, but is more common over the age of 50 years
(Hadi and Lebwohl, 2011).

Risk factors
� IBD;
� Liver disease;
� Leukaemia, myeloma, lymphoma;
� Systemic lupus erythematosus;
� HIV infection;
� Rheumatoid arthritis;
� Trauma, for example, biopsies, surgery.
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Differential diagnosis
� Vasculitis, for example, vasculitic rheumatoid

arthritis, systemic lupus erythematosus;
� Venous leg ulceration;
� Malignancies, for example, squamous cell carci-

noma;
� Infections: bacterial, viral, parasitic, tropical

mycoses.

Clinical features
� Presentation is variable:

� Sudden onset and rapid spread of painful
ulcers with systemic illness and fever.

� Ulceration with spontaneous regression and
healing in one area and progression in
another.

� Ulceration occurs most frequently on lower
legs (pretibial area) and trunk. Lesions ini-
tially appear as single or multiple erythematous
papules or pustules that may be preceded by
trauma.

� Ulcers can progress from nodules to craters
within 48 hours.

� Deep ulcerations develop due to dermal necro-
sis that contains purulent material.

� The classic PG skin lesion usually begins with
pustules or fluctuant nodules with an inflam-
matory, purplish, violet boarder which expands
to form an ulcer with raised edges.

Factors delaying healing
� Delayed diagnosis or misdiagnosis;
� Immune suppression;
� Corticosteroid treatment;
� Local infection/secondary infection;
� Co-morbidities, for example, IBD (Crohn’s dis-

ease, ulcerative colitis).

Complications
� Wound/skin infection;
� Secondary infection related to immunosuppres-

sive treatment;
� Glucocorticoid-induced bone loss, heart dis-

ease, hypertension, diabetes, gastric ulceration;
� Uncontrolled pain.

Principles of wound management

The aims of wound management for lesions caused
by PG are to

(1) Reduce ulceration and determine the minimal
dose of medication necessary to control the dis-
ease process.

(2) When associated with systemic disease, the
therapeutic approach should also address the
underlying disorder, for example, IBD

(3) Ensure that all therapeutic regimens are indi-
vidualised to the patient and any preexisting
conditions.

(4) Promote wound healing using a moist wound
environment.

(5) Monitor patient’s progress until they respond
to treatment.

Treatment of lesions involves systemic treatment,
together with local therapies.

Practical management
� PG is a clinical diagnosis made by the character-

istic appearance of the ulcer. There is no specific
diagnostic test.

� Systemic steroids are effective when delivered
in adequate doses, as they prevent formation of
new lesions and stop progression of the disease.

� Small ulcers are best managed with potent top-
ical steroids. If wounds are on lower extremi-
ties and are minor, compression therapy may be
beneficial for oedematous legs.

� More severe disease requires immunosuppres-
sive therapy such as tacrolimus, ciclosporin,
methotrexate.

� Analgesia prior to wound care is a high priority.
� Ulcers caused by PG produce copious exudate

so calcium alginates and foam dressings are
useful.

Wide surgical debridement should be avoided
because it may result in enlargement of ulcers
(Jackson et al., 2010).

Criteria for specialist referral
� Clinical suspicion of PG;
� Diagnosis or clinical suspicion of IBD;
� Diagnosis or clinical suspicion of arthritic dis-

ease.
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Summary

Misdiagnosis of PG is not uncommon despite the
ulcer being distinctive and should be considered
in any non-healing deep ulcer on the lower leg.
The prognosis is difficult to predict as patients
may spontaneously go into remission or experi-
ence flare-ups for no apparent reason. Some stud-
ies report that approximately 50% of patients have
recurrence (Miller et al., 2010). Long-term follow-up
and re-evaluation of the diagnosis (with repeated
biopsy, if indicated) are therefore recommended
even in those patients who respond to treatment.

Further reading

Nguyen, K.H., Miller, J.J., Helm, K.F. (2003) Case reports
and a review of the literature on ulcers mimicking pyo-
derma gangrenosum. International Journal of Dermatol-
ogy, 42(2), 84–94.

Ruocco, E., Sangiuliano, S., Gravina, A.G., et al. (2009)
Pyoderma gangrenosum: an updated review. Journal
of the European Academy of Dermatology And Venereology,
23(9), 1008–1017.

Weenig, R.H., Davis, M.D., Dahl, P.R. et al. (2002) Skin
ulcers misdiagnosed as pyoderma gangrenosum. New
England Journal of Medicine, 347(18), 1412–1418.
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SELF-INFLICTED WOUNDS
(SELF-HARM)

Overview

The incidence of deliberate self-harm is on the increase
and ranges from minor superficial injuries such as cut-
ting to major trauma such as genital self-mutilation and
attempted suicide (Royal College of Psychiatrists, 2010).
Individuals who self-harm tend to cause minor physical
damage using scissors, razor blades, lit cigarettes, boil-
ing water and bleach, and typically use more than one

method over time (Lloyd-Richardson et al., 2007). Self-
harm is an expression of emotional distress and can be
seen as a distraction that brings relief (Royal College of
Psychiatrists, 2010).

Health service staff often have negative attitudes
towards those who self-harm, particularly those who do
so repeatedly, and individuals may not be treated with
compassion or respect. People who present with self-
harm injuries frequently experience a significant amount
of psychological and emotional distress, which may com-
plicate the ability of the health care provider to care for
the injury itself.

Risk factors
� Adolescents and young adults;
� Physical, emotional or sexual abuse in child-

hood;
� Low self-esteem;
� Poor social support;
� Socio-economic deprivation.

Differential diagnosis
� Dermatitis artefacta (unconscious self-harm);
� Dermatitis para-artefacta or skin-picking syn-

drome (existing lesions).

Factors delaying healing
� Repeated injury at the same site, for example,

picking at scab, reopening of wound;
� Use of dirty objects of harm, for example, nee-

dle, razor blade;
� Neglect or delay in seeking help.

Clinical features
� Self-harm behaviours include cutting, hitting,

biting oneself, reckless behaviour and bone-
breaking.

� Highest prevalence is among young people.
� Self-harm may be life-long, affecting people of

all ages.
� Frequent self-harm: typically 2–10 episodes per

year.
� History and physical injury may not be consis-

tent.
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Complications
� Wound infection;
� Sepsis;
� Post-tourniquet syndrome from the use of

string, thread, rubber bands or wire wrapped
around a limb or digit resulting in nerve dam-
age and ischemia;

� Permanent damage to tendons and nerves;
� Permanent scarring and disfigurement;
� Self-inflicted fractures are likely to be com-

pound and therefore either are infected or sus-
ceptible to infection;

� Increased risk of serious harm or death by sui-
cide.

Principles of wound management

The aims of wound management for individuals
who deliberately self-harm are to:

(1) implement appropriate wound management
strategies to maximise healing whilst being
supportive and non-judgemental.

(2) minimise the risk of wound infection and
development of long-term complications, such
as scarring.

(3) collaborate with the multidisciplinary team to
provide a comprehensive psychiatric, psycho-
logical and social assessment of the factors con-
tributing to self-harm.

(National Institute for Health and Clinical
Evidence, 2004)

Practical management
� Active listening, being supportive and non-

judgemental help to build trust and reduce anx-
iety. Although it is important to develop a car-
ing therapeutic relationship, it is also impor-
tant to assess whether self-harming behaviours
are being used to manipulate situations and/or
staff.

� Individuals who self-harm benefit from conti-
nuity of care and are best managed by a limited
number of experienced staff so that a rapport
can be developed.

� Do not overlook self-harm as a cause of wound
in young children or the elderly.

� Treatment is dependent on a detailed assess-
ment of underlying psychological/psychiatric
distress. A full account of this should be docu-
mented when the individual presents for treat-
ment.

� A thorough skin assessment should be per-
formed, as individuals may self-harm in more
than one location. Injuries and wounds are less
often seen on the dominant forearm. Areas of
the body that are easy to reach are damaged
more frequently.

� Self-inflicted wounds require a thorough physi-
cal assessment, taking into account the possibil-
ity of damage to underlying structures.

� The decision to tell the individual that self-
wounding is suspected is a difficult one that
should be made on an individual basis with the
support of the multidisciplinary team.

� Assessment of the risk of further self-harm or
suicide and prompt specialist referral is organ-
ised, if necessary.

� Individuals should be fully consulted and given
sufficient information to allow an informed
choice of treatment options. They must be
included in any decision-making to ensure some
measure of success.

� Superficial wounds should be managed like any
other acute wound.

� Preference should be given to wound treatments
that cause the least amount of anxiety (e.g. skin
adhesives or skin closure tapes) to avoid further
distress.

� Dressing and suture removal must be per-
formed carefully to minimise further anxiety
and distress. The patient may have delayed
seeking help and may dread the anticipated
pain if the dressing has adhered to the wound.
Use of a calm approach and soaking the dressing
prior to removal is helpful.

� Scarring may be as important as the deliberate
act of self-harm. Ensuring that the individual
is involved in the treatment plan is important
to promote concordance and prevent removal
of the dressing and deliberate interference with
the wound.

� Evidence is mounting to support the use of cog-
nitive behavioural therapy (CBT) as an effec-
tive psychological intervention in decreasing
depression and reducing incidents of self-harm
(National Institute for Health and Clinical Evi-
dence, 2004 and Slee et al., 2008).
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� All persons who have self-harmed should be
assessed for further self-harm with particular
attention to signs of depression, hopelessness
and suicide.

This section is based on best practice described by
The Royal Australian and New Zealand College
of Psychiatrists (2000, NICE 2004, and the Royal
College of Psychiatrists 2010)

Criteria for specialist referral
� A history of repeated injury or non-healing

wounds without obvious cause;
� Wounds may be deep and have foreign bodies

embedded in them, and may require surgical
exploration.

� Referral to mental health services for coun-
selling or CBT should be based on a combined
assessment of need and risk of further harm,
and must involve the individual concerned.

Information should be communicated with the
individual’s community doctor and to any relevant
mental health services as soon as possible to enable
adequate follow-up.

Summary

The development of a therapeutic relationship
between the individual who self-harms and health
care professionals who focus on self-awareness
and an appreciation of the hidden strengths
in the individual provides a more considered
approach than the traditional medical model of
care. A multi-disciplinary approach involving pri-
mary care providers, mental health specialists and
dermatologists ensures the best chance of success.
Intervention needs to focus on reducing the specific
issues that contribute to deliberate self-harm and
develop alternative skills for positive coping, com-
munication, stress management and strong social
support.

Further reading

Guidelines for the Management of Deliberate Self Harm in
Young People. Australasian College for Emergency
Medicine (ACEM) and The Royal Australian and New
Zealand College of Psychiatrists (RANZCP). Available

at: http://www.acem.org.au/media/publications/
youthsuicide.pdf.

Australasian College for Emergency Medicine (ACEM)
and The Royal Australian and New Zealand College
of Psychiatrists (RANZCP) (2000) Available at: http://
www.acem.org.au/media/publications/youthsuicide
.pdf.

Shepperd, C., McAllister, M. (2003) CARE: A framework
for responding therapeutically to the client who self-
harms. Journal of Psychiatric and Mental Health Nursing,
10(4), 442–447.
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SKIN TEARS

Overview

Skin tears are traumatic injuries which can result in partial
or full separation of the outer layers of the skin as seen
in Figure 15.3. These tears occur due to shearing and
friction forces or from blunt trauma, and usually occur
in either immature skin in neonates or in elderly people
(LeBlanc and Baranoski, 2011). Prevalence data is diffi-
cult to collect, but there is widespread agreement that
skin tears are common (Carville et al., 2007). Pretibial
lacerations are one of the most frequently seen skin tears
that occur on the lower limb of elderly patients as a result
of trauma. Skin tears are often mismanaged and as a result
may become chronic wounds.

Risk factors
� Extremes of age – neonates and the elderly;
� Comorbidities (vascularity): CVA, chronic heart

failure, clotting disorders

http://www.acem.org.au/media/publications/youthsuicide.pdf
http://www.acem.org.au/media/publications/youthsuicide.pdf
http://www.acem.org.au/media/publications/youthsuicide.pdf
http://www.rcpsych.ac.uk/files/pdfversion/CR158.pdf
http://www.acem.org.au/media/publications/youthsuicide.pdf
http://www.acem.org.au/media/publications/youthsuicide.pdf
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Figure 15.3 Extensive skin tear in an elderly person com-
plicated by a large haematoma. Photo courtesy of Ann Marie
Brown.

� History of previous skin tears;
� Dry, fragile skin;
� Medications (e.g. steroids, anticoagulation

therapy);
� Echymoses;
� Poor nutrition (including adequate hydration);
� Cognitive or sensory impairment;
� Impaired mobility or vision;
� Predisposition to falls;
� Dependence on others for activities of daily

living.

(LeBlanc and Baranoski, 2011)

Differential diagnosis
� Self-inflicted wound;
� Non-accidental injury;
� Cellulitis.

Factors delaying healing
� Significant tissue loss;
� Bleeding and hematomas;
� Infection;
� Oedema;
� Age-related skin changes.

Clinical features

The Skin Tear Audit Research (STAR) is a classifica-
tion system which describes the appearance of skin
tears (Carville et al., 2007).

Category 1a
A skin tear where the edges can be realigned to
the normal anatomical position (without undue
stretching), and the skin or flap colour is not pale,
dusky or darkened.

Category 1b
A skin tear where the edges can be realigned to
the normal anatomical position (without undue
stretching), and the skin or flap colour is pale, dusky
or darkened.

Category 2a
A skin tear where the edges cannot be realigned to
the normal anatomical position, and the skin or flap
colour is not pale, dusky or darkened.

Category 2b
A skin tear where the edges cannot be realigned to
the normal anatomical position, and the skin or flap
colour is pale, dusky or darkened.

Category 3
A skin tear where the skin flap is completely absent.

Complications
� Infection: cellulitis, generalised sepsis;
� Necrosis with loss of tissue;
� Pain;
� Delayed wound healing.

Principles of wound management

The aims of wound management for individuals
with skin tears are to:

� assess the skin trauma using a recognised clas-
sification system, for example, STAR;

� approximate the skin flap if possible without
causing traction or further damage;

� secure the skin flap using a non-adherent dress-
ing and apply without tension;

� minimise the risk of wound infection and devel-
opment of complications;

� reduce the risk of recurrence by educating
patient and carers about the risk of further
trauma.
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Practical management
� Control bleeding: apply pressure and elevate

limb, if required.
� Clean wound with normal saline or sterile water

to remove any blood clots and pat area dry.
� Approximate the skin flap: use a gloved finger,

cotton tip swab or tweezers as appropriate.
� If flap is difficult to realign, consider moist-

ening with normal saline for 5–10 minutes
to rehydrate the flap.

� Wound closure strips should allow drainage
of wound fluid from the flap and may be
made from strips of silicone sheet dressings
to avoid use of adhesive strips.

� Sutures and staples are not recommended,
but skin adhesive can be useful.

� Apply a skin barrier product to the peri-wound
area for protection.

� Apply a low-adherent primary dressing to
maintain a moist wound environment, for
example, soft silicone or foam dressings.

� Mark dressing with an arrow to indicate the pre-
ferred direction of removal and take care when
removing dressing so as not to damage the flap.

� Leave dressing in situ for as long as possible to
avoid disturbing the flap.

� Monitor wound pain as this may be one of the
earliest signs of infection and treat promptly.

� Apply a light compression bandage or tubular
bandage to the limb if tolerated but check circu-
lation first.

� Adopt good manual handling techniques to
avoid further skin trauma.

Criteria for specialist referral

Referral to a surgeon is indicated when the skin
tear is extensive or when there is an associated full

thickness skin injury, significant and uncontrolled
bleeding or large hematoma formation.

Summary

Prevention of skin tears is a vital part of daily skin
care practice, especially in the elderly, infants or
patients who require assistance with daily care. The
skin should be kept hydrated by applying emol-
lients twice a day, and attention should be paid to
reduction of pressure, shear and friction by use of
appropriate repositioning techniques or pressure-
relieving devices. People who experience repeated
skin tears should be encouraged to wear long
sleeves and socks for protection. The care environ-
ment should be evaluated to maintain a safe envi-
ronment, as any management plan should include
strategies to prevent skin tears from occurring.

Further reading

Ayello, E., Sibbald, R.G. (2008) National Guideline C.
Preventing pressure ulcers and skin tears. In: Evidence-
Based Geriatric Nursing Protocols for Best Practice (eds E.
Capezuti, D. Zwicker, M. Mezey, T. Fulmer), 3rd edn,
pp. 403–429. New York: Springer Publishing Company.

Stephen-Haynes, J., Carville K. (2011) Skin tears made
easy. Wounds International, 2(4). Available at: http://
www.woundsinternational.com.

References

Carville, K., Lewin, G., Newall, N., et al. (2007) STAR: a
consensus for skin tear classification. Primary Intention,
15(1): 18–28.

LeBlanc, K., Baranoski S. (2011) Skin tears: state of the sci-
ence: consensus statements for the prevention, predic-
tion, assessment and treatment of skin tears. Advances
in Skin and Wound Care, 24(9), 2–15.

http://www.woundsinternational.com
http://www.woundsinternational.com




Section 3
Improving Skin Integrity Services





16 Reducing Wound Care Costs
and Improving Quality: A
Clinician’s Perspective

Theresa Hurd
Wound and Chronic Disease Management, Nursing Practice Solutions, Inc., Toronto, Ontario, Canada

Overview
� Chronic wounds represent a large and growing burden for both patients and healthcare organisations. However, despite

the significance of chronic wound care as a health issue, the total costs are often underestimated and poorly understood.
� As cost consciousness becomes increasingly widespread throughout healthcare, there is a greater need for clinicians as

well as administrators and policymakers to understand how services can be delivered more efficiently and effectively.
� There is a close relationship between the quality/safety of care and the efficiency/effectiveness of healthcare resource

utilisation: A lack of safe, quality care leads to overall increases in healthcare costs. Conversely, the consistent delivery of
quality care supports efficient resource allocation, which ultimately makes more resources available for clinical priorities.

� Best-practice wound prevention and care programmes are, in effect, quality programmes. They are designed to put in place
evidence-based clinical best practices on a consistent, sustainable basis and involve major organisational change.

� Many of the barriers to best-practice wound prevention and care relate to the fact that wounds can be complex chronic
conditions that involve all stages of the continuum and numerous clinical disciplines, while the systems needed to support
multi-disciplinary, collaborative care are often absent or underdeveloped.

� Evidence to date shows that best-practice wound prevention and care programmes result in reduced wound healing times
and significant cost reductions. As best practices are implemented, errors are reduced and clinical outcomes improve
and become more predictable. Appropriate clinical resources are matched with clinical needs. Waste is reduced and cost
efficiencies are realised.

Introduction

Chronic wounds represent a large and growing
burden for both patients and healthcare organisa-
tions. Despite the significance of chronic wounds
as a health issue, the impact on health economics is
often underestimated. Wounds remain a relatively

low-profile concern for many administrators and
clinicians. Wound care is often viewed simply as a
routine component of basic nursing practice, rather
than a complex and multifaceted healthcare chal-
lenge with implications that extend across organ-
isations and disciplines. In many cases, the cost
of wound care is simplistically and inaccurately

Wound Healing and Skin Integrity: Principles and Practice, First Edition. Edited by Madeleine Flanagan.
C© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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based on the number of dressings used, rather than
the total care requirements for all patients across
the continuum. Key indicators such as wound
prevalence, healing times and infection rates are
not always measured and the size and nature
of the chronic wound problem may not be fully
understood.

In recent years, however, a growing body of
research has been contributing to a better appre-
ciation of the high cost of chronic wounds. Further,
and most importantly, the testing, development and
implementation of best-practice wound prevention
and care programmes has been demonstrating how
these costs can be reduced, while simultaneously
improving the health and well-being of patients.
This chapter provides an overview of best-practice
wound prevention and care programmes, focusing
on economic as well as patient outcomes.

Health economics: a clinician’s
perspective

In the healthcare sector, health economics aims
to provide a set of analytical techniques to assist
decision-making, to promote efficiency and equity.
Ultimately, health economics is about issues related
to scarcity in the allocation of health and healthcare
(Shiell et al., 2002). For organisations involved in the
delivery of health services, this increasingly impor-
tant discipline encompasses all of the decisions
about how limited healthcare resources – includ-
ing everything from skilled clinicians and hospital
beds to operating funds and emerging new tech-
nologies – are used most efficiently to deliver the
best possible healthcare.

Health economics is currently receiving consid-
erable attention for most health systems around the
world because the available resources are increas-
ingly limited or under strain. Healthcare organi-
sations face growing demands from aging popu-
lations with an increasing prevalence of chronic
disease and complex co-morbidities. At the same
time, there are government funding constraints,
shortages of trained professionals and constant
pressures to adopt new and often very expen-
sive technologies. The ability to allocate scarce
resources is becoming increasingly difficult and
challenging.

Health economics and financial issues have been
viewed traditionally as a concern primarily for

administrators and policymakers. Clinicians, who
must focus foremost on the health of their patients,
have often approached issues of cost and efficiency
as a lower priority, or have confronted these issues
only when advocating for a particular treatment
on a patient’s behalf. Discussions about costs have
been avoided or approached sceptically by many
clinicians, because they are seen as potentially lim-
iting care options or clinical choice. Financial con-
cerns have often been viewed as separate from or
even in opposition to the ultimate goal of providing
optimal patient care.

‘Cost consciousness’ is now much more
widespread than in the past, particularly where
limited resources must meet growing healthcare
demands. There is a need across all care settings to
provide cost-effective care in a clinically responsible
manner (Britt et al., 1999). A greater focus on costs
affects clinicians, although the first and most com-
mon response often involves simply tracking spe-
cific cost items such as the wound dressings noted
above. Within clinical circles, a broader view that
encompasses the relationships between the man-
agement of healthcare resources and the delivery of
care across organisations or health systems is less
common.

This broader perspective reveals that health eco-
nomics and clinical care are, in fact, integrally
related. Better clinical care can lead to improved
health economics; efficient resource allocation can
lead to better outcomes for patients. It is impor-
tant for clinicians to develop an understanding of
health economics and financial issues as they pur-
sue clinical practice and assume leadership roles.
This understanding should include a micro perspec-
tive related to the financing of individual healthcare
organisations, and extend to encompass a macro
perspective of the entire health system, including
who pays for healthcare, how these payments are
made and how reimbursement affects healthcare
services.

The linkages between health economics and clin-
ical practice can be examined through an analy-
sis of quality in the delivery of healthcare services.
Quality care has become a high-priority concern
for healthcare providers globally, and it is closely
interrelated to patient safety, another high-profile
concern. Evidence of the growing prominence of
quality and safety issues is found in media reports
and in the attempts by insurance providers, admin-
istrators and legislators to improve standards and
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link healthcare funding to quality/safety indica-
tors. Wound care is one of the key clinical functions
at the centre of these issues. Pressure ulcers and
wound infections, in particular, are often linked to
patient complications and litigation risk (Baranoski
and Ayello, 2008).

The literature demonstrates that a lack of safe,
quality care has a direct impact on a variety of
cost categories, leading to an overall increase in
costs to the healthcare system (Finkelman, 2006).
Conversely, the consistent delivery of quality care
supports efficient resource allocation, which ulti-
mately makes more resources available for clinical
priorities. These relationships can be readily illus-
trated by wound care, and are further explored
below.

Barriers to best-practice wound care
and prevention

As a growing body of research confirms that the
cost of chronic wounds to both patients and health-
care organisations is already very high and can be
expected to grow, the case for improving wound
care, both as a quality measure and as a value mea-
sure, is compelling. However, a variety of long-
standing clinical and institutional barriers must be
overcome.

Most of these barriers relate to the fact that
wound care is a complex and widespread health-
care challenge that cuts across healthcare sectors
(acute, long-term and community care) and clin-
ical disciplines (nurses, physicians, nutritionists,
physiotherapists, etc.). Wound care cannot be eas-
ily defined as a distinct clinical issue, and there are
often no clear lines of responsibility or account-
ability. Specific barriers that have been identified
include

� Inadequate or poorly maintained measurement and
reporting systems: There may be limited or incon-
sistent wound care metrics, a lack of data on
key indicators (such as wound prevalence, age
of wounds, infection rates and healing times)
and/or a lack of information on wound care
costs.

� Inconsistent wound assessment: There may be
an absence of consistent head-to-toe assess-
ment protocols applied organisation-wide and
recorded systematically for all wound patients

or patients who may be at risk of acquiring
wounds.

� Gaps in evidence-based practice: Some practices
may be outdated or not backed by evidence.
There may be no clear predictability for healing
times/outcomes for specific wound types and
patient populations.

� Inconsistent application of clinical best practices: In
some cases, there are no clear clinical pathways
or protocols applied by clinicians across the
organisation. Clinical approaches to wound care
may be fragmented or uncoordinated across sec-
tors, departments or clinical disciplines.

� Inconsistent purchasing practices: Formularies for
the selection, purchasing and use of wound
care products may not be in place or followed
consistently. There may be waste, duplication
and inappropriate/inefficient use of products.
Access to products and equipment may be
uneven across the organisation.

� Inadequate training and education: Training and
education specific to wound care may be inad-
equate and/or not sufficiently competency-
based. There may be significant gaps and incon-
sistencies in nursing skills and knowledge.

� Lack of interdisciplinary cooperation and coordina-
tion: Clinical disciplines can be highly compet-
itive and protective of certain defined areas of
practice, while wound care demands an inter-
disciplinary, holistic approach.

� Lack of clear leadership: There may be little or no
leadership or responsibility for wound care at
the senior clinical or administrative level, and
a general lack of organisational awareness and
understanding of wounds as a clinical priority.

� Communication deficiencies: Tools and pro-
grammes to inform patients and families about
wound care and the risks of acquiring wounds
may not be in place.

(Flanagan, 2005)

These barriers reflect characteristics of health sys-
tems that have been identified in the literature as
barriers to the management of chronic diseases in
general. A complex, fragmented and disorganised
system can be poorly equipped to care for patients
with complex chronic conditions that require a col-
laborative, long-term approach to care (Wagner
et al., 1996; Board on Population Health and Pub-
lic Health Practice 2012). Mannion et al. (2005) rec-
ommends that healthcare organisations to support
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patients with long-term conditions such as chronic
wounds:

(1) need for evidence-based care;
(2) reorganisation of practices to meet the needs of

patients who require more time, a broad array
of resources and closer follow-up;

(3) systematic attention to patients, need for infor-
mation, self-management and behavioural
change;

(4) readiness to access appropriate expertise;
(5) supportive information system.

The costs of wound care

Many of the costs associated with wound care are
poorly documented or hidden within other general
cost categories such as hospital bed-days or com-
munity nursing visits. This is due in part to the
relatively low profile of chronic wounds and the
complexity of many wound cases, as noted above.

In practice, wound care places a significant bur-
den on the time of nurses and other clinicians,
and complex or mismanaged wound cases place
heavy and often preventable demands on acute
care resources. Health economics research is begin-
ning to confirm that most wound care costs are, in
fact, hidden. One UK study suggests the following
breakdown:

� Wound dressings and materials: These highly vis-
ible cost categories typically account for just
17–22% of total wound care costs.

� Nursing hours: Nurses perform the bulk of front-
line wound care, and nursing hours typically
make up as much as 33–41% of the total costs.

� Hospitalisation: Hospital admissions and
extended hospital stays typically consume
more than 37–49% of the total cost of wound
care.

Some recent research has attempted to estimate
the total cost of wound care across a patient popula-
tion. For example, a 2-year study completed in the
United States followed 9822 patients from 13 states.
The total cost to treat 19,047 wounds during 92,668
visits (including physicians, clinics, home nursing,
dressings and laboratory services) was US$ 54.3
million, for an average cost per patient of more than
US$ 5500. The cost per patient exceeded US$ 100,000
in few cases (Walker, 2009).

Other studies have focused on particular cate-
gories of chronic wounds. For example, Canadian
data indicate that:

� Surgical site infections affect 30–40 patients per
1000 operations. Attributable mortality was esti-
mated at 5%. The excess length of stay (LOS)
in hospital was 10.2 days per case (Hurd and
Posnett, 2009).

� A 4-week costing study (Friedberg et al., 2002)
estimated that 192 people receiving care would
annually consume $1 million in nursing care
services and $260,000 in wound care supplies.
Comparing patients newly admitted during the
past 6 months of either study period revealed
the median number of nursing visits to have
declined from 37 (interquartile range [IQR] 24–
42) to 25 (IQR 15–35) over the period (p = 0.041).
The median number of visits to each patient
declined from 3 (IQR 2–4.8) to 2.1 (IQR 1.6–2.4)
per week (p = 0.005). The median supply cost
per case decreased from $1923 (IQR $395–1931)
to $406 (IQR $219–920; p = 0.005).

� Stage III pressure ulcers result in an average LOS
in hospital of 18.8 days, at an average cost of
C$19,213. Stage IV pressure ulcers require an
average LOS of 27.7 days at an average cost
of C$29,208, and Stage X pressure ulcers with
bone and necrotic tissue involvement result in
an average LOS of 73.1 days at an average cost
of C$85,436 (Hurd and Posnett, 2009).

Health economists are also attempting to quan-
tify wound care costs across healthcare institutions
and systems. The annual cost to a typical hospital in
Europe has been estimated at 4000 excess bed-days
and €3.3 million (Drew et al. 2007). In the United
Kingdom, it is estimated that there are 200,000 peo-
ple with a chronic wound, costing the National
Health Service £2–3 billion annually, or about 3%
of the total NHS budget (Posnett and Franks, 2007).
The Wound Ostomy and Continence Nursing Soci-
ety (2010) has estimated that between US$ 2.2 and
US$ 3.6 billion is spent yearly for the management
of pressure ulcers in the United States. The cost to
care for all chronic wounds has been estimated at
US$ 10 billion annually throughout North America
(Swanson 1999). A study in Australia looked at the
number and economic value of bed-days lost to
pressure ulcers and concluded that the opportu-
nity cost to Australian hospitals for pressure ulcers
alone was A$ 285 million (Graves et al., 2005).
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Best-practice wound prevention and
care programmes

Best-practice wound prevention and care pro-
grammes offer particularly prominent illustrations
of the relationships between quality care and health
economics (Hurd et al., 2008). These programmes
are designed to put in place evidence-based clin-
ical practices across healthcare organisations on a
sustainable basis. As such, they are comprehensive
processes of organisational change. Specific best-
practice protocols for all aspects of wound pre-
vention and care are defined and implemented,
along with all of the necessary organisational
supports (i.e. information systems, training and
education programmes, programme formularies,
etc.). Clinical results are measured and monitored
to provide continuous feedback and to identify
opportunities for improvement. Best practices, in
effect, become standardised, predictable and con-
tinuously monitored for all patients and all prac-
titioners. These programmes are multi-disciplinary
and work across the healthcare continuum, includ-
ing acute care, long-term care and home care
sectors.

The basic relationships between programme
implementation, clinical outcomes and resource
utilisation are summarised in Figure 16.1.

Key steps in the process are

� The implementation of a best-practice wound
prevention and care programme is a starting
point. It initiates a comprehensive change pro-
cess across the organisation, designed to inte-
grate best-practice wound care protocols perma-
nently into regular clinical practices. All levels
of the organisation are involved.

� If implemented consistently and rigorously
across the organisation, best-practice wound
care leads inevitably to improved clini-
cal outcomes for patients. Examples include
faster healing times, reduced infection rates,
improved comfort, increased mobility and a bet-
ter quality of life.

� As the programme is established and outcomes
improve, the more efficient and effective utilisa-
tion of limited healthcare resources is, for exam-
ple, fewer complications, reduction in length
of hospital stays, less admissions and read-
missions. Clinicians spend less time on busi-
ness processes (tracking patient records, sourc-

ing wound care products and equipment, etc.)
because clear protocols and formularies are in
place.

� More efficient resource utilisation enables con-
tinuous programme improvement. Clinicians
are able to spend more time directly on patient
care and focus on patients with the most seri-
ous clinical needs. Information systems enable
better coordination of a multi-disciplinary clini-
cal team. The organisation improves its capacity
to manage the most high-risk patients and the
most complex wounds.

� The benefits of improved efficiency and resource
allocation extend beyond wound care as
resources become available to meet other health-
care priorities. For example, hospital beds
become available for other acute care needs.
Since wound care is a multi-disciplinary func-
tion that is closely related to common chronic
diseases, best-practice programmes are well-
positioned within most healthcare settings to
generate spin-off benefits and serve as a model
for similar quality care initiatives.

Best-practice wound prevention and care pro-
grammes differ from many health-care innovations
that are focused primarily on new products, new
technologies or new clinical approaches. These pro-
grammes cannot be viewed as ‘add-ons’ to exist-
ing systems. Rather, they are processes of systemic
organisational change. The technology of wound
care is well-established and readily available; the
challenge is to have it adopted rigorously, consis-
tently and in a disciplined manner by all clinicians
and administrative staff.

This fundamental emphasis on organisational
change and improvement means that the entire
healthcare organisation, from senior leadership
to front-line clinical staff, must be involved. The
comprehensive nature of this approach creates
many challenges. However, it also creates oppor-
tunities, in that the basic process demonstrated
by wound care can foster broader organisational
improvement and be applied to other clinical
challenges.

A best-practice wound prevention and care
programme is comprehensive and multi-faceted.
Table 16.1 highlights the critical programme com-
ponents and has been adapted and expanded for
wound care and prevention from Board on Popula-
tion Health and Public Health Practice (2012).
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The introduction of a best-practice wound prevention and care programme (1) leads to improved clinical
outcomes (2) which, in turn, produce a number of cost efficiency and resource utilisation benefits (3).
These feed back to allow continuous improvement of the programme (1) while also generating spin-off
economic benefits (4).

1. Best-Practice Wound Prevention and
Care Programme

• Leadership
• Project planning
• Roles and responsibilities
• Policies and procedures
• Best practice clinical protocols
• Benchmarking, analysis, measurement

and monitoring
• Product formulary
• Business processes
• Education and training
• Communications
• Conflict resolution

2. Clinical/Patient Outcomes

• Reduced prevalence of wounds
• Reduced healing times
• Reduced pain and discomfort
• Reduced amputations
• Improved patient quality of life
• Prevention of wounds
• Minimisation of clinical errors
• Improved patient safety

3. Impact on Efficiency and Resource
Utilisation

• Reduced nursing hours due to reduced
frequency of dressing changes

• Matching clinical expertise with tasks
(better utilisation of clinical resources)

• Improved coordination across health
sectors and disciplines

• Reduced errors/improved patient safety
• Reduced demand on acute care services

(e.g. reduced serious wounds and
infections, reduced hospital bed-days)

• Prevention of wounds
• Cost efficiencies due to simplified

purchasing/product formulary
• Improved data/measurement/information

systems, including performance feedback
• Soft costs/benefits (e.g. staff satisfaction,

improved productivity and quality of life for
patients)

4. Benefits to the Broader Healthcare
System

• Making limited healthcare
resources available for other
healthcare priorities

• Management systems (e.g.
measurement systems,
interdisciplinary approaches,
processes, etc.) adaptable to other
priorities

• Best-practice wound prevention
and care as a model for other
clinical areas

Figure 16.1 Best-practice wound prevention and care.

Clinical results

Best-practice wound care and prevention pro-
grammes have been shown to produce a range
of positive clinical outcomes from reduced heal-
ing times and infection rates to improved comfort,
mobility and quality of life for patients. Data from
a growing number of programmes in jurisdictions
throughout the world indicate that these results can

be achieved consistently and predictably in a vari-
ety of healthcare settings.

Best-practice programmes place each patient on
a predictable clinical pathway towards the optimal
healing of their wound(s), or in cases where healing
is not an achievable goal, the optimal maintenance
of their wound(s). Clinical pathways are part of
best-practice standards/guidelines for wound care.
There are typical pathways for different types of
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Table 16.1 Table summary of key components of a wound care programme

Leadership � Senior management identified as the driver for change and the face of the project, and
committed to support all aspects of the programme from launch to sustainability

� Focus on patients and improved clinical outcomes
� Identify more effective organisational support to ensure change of care possible
� Consistency and discipline: all policies, procedures, protocols and processes enforced evenly,

with no exceptions; fair and consistent treatment for all parties
� Clear mandate and support for any external experts/resource people to work effectively
� Support from leaders in ensuring that all care is equitable and does not vary in quality because

of geographic location, gender, ethnicity, etc.

Defined roles,
responsibilities

� Clear definition of all roles (e.g. nurses, care providers, physicians, wound care specialists,
other clinicians, such as nutritionists and physiotherapists, clinical managers, administrators,
senior managers, vendors and suppliers, outside experts, patients, families, etc.)

� All have a shared agenda to improve overall quality of care and a safe environment for patients

Project planning � Planning group consisting of senior management, clinicians, consultants and other experts,
representatives of outside agencies, etc.

� Detailed project plan with subsidiary plans for training and education, communications,
conflict resolution, etc.; timelines, planning tools and process maps included as appropriate

Policies and procedures � Clear policies and procedures, established across the health-care organisation to guide clinical
practices based on evidence-based, best-practice standards of care

Measurement and
monitoring (Berendt
et al., 2001)

� Comprehensive benchmark analysis of current wound prevalence and wound care practices to
identify gaps and areas for improvement

� Key metrics and measurement/data collection systems in place prior to programme launch
� Regular auditing and reporting
� Utilisation review of appropriateness and efficiency of services specific to wound patients

Best-practice,
Evidence-based clinical
protocols/pathways

� Assembled and developed by the planning group, using available resource and guidelines
(standard of care) where appropriate, adapted to suit local requirements and producing new
protocols as needed

� Patient-centred care; providing care that is respectful and responsible
� Provision of care and services based on scientific knowledge to all who benefit and not likely

to benefit; avoiding overuse and underuse
� Practice changes (e.g. compression of venous leg ulcers, use of advanced dressings)

Process mapping � Detailed process maps, based on clinical evidence and best practices, provided to case
managers, care providers and other clinicians; consistent and disciplined application

� Ensure that processes and their implementation is efficient avoiding waste – this includes waste
of equipment, wound care products, ideas and energy

� Timely ensuring reduction in waste and harmful delays for those who receive and give care

Business processes and
product formulary

� Clear business processes to guide all accounting practices, data recording, record keeping, etc.
related to wound care, standardised throughout the organisation

� Detailed product formulary, linked to clinical protocols, listing all products and equipment
� Clear systems for ordering, storing, accessing wound care products and equipment

Documentation � Documentation tools to support process maps, interreliability of tools
� Protocols, pathways and assessment tools to ensure consistent and clear documentation that

drives practice

Education and training � Identification of who needs to be educated and the required content Comprehensive,
competency-based training/education programme and resources for all clinicians, using adult
learning principles and linked to clinical protocols; rigorous training for administrative staff
and other staff to support programme

� Team-building, sharing and exchange of ideas; capacity building for long-term sustainability

(Continued)
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Table 16.1 (Continued)

Communications � Detailed communication plan guiding regular communication to all groups involved
� Communications staff involved early in the process and integrated into programme planning
� All messaging to staff and service providers focused on best practices and the commitment to

providing quality care to patients
� Successes celebrated and communicated to all involved groups

Conflict resolution � Anticipation of potential conflict areas
� Emphasise common goal of improved quality of care
� Process mapping to guide interactions between groups, with tools to assist in conflict

resolution (e.g. scripted letter to aid in communication between staff and physicians)
� Reduce interprofessional competition and rivalry

wounds and different types of patients. Evidence-
based guidelines are also available to identify out-
comes, assess progress towards these outcomes and
support best practices for various types of chronic
wounds. These pathways and guidelines are use-
ful in determining both the quality and cost of
wound care. The promotion of the appropriate use
of resources in a timely manner is an important
component of each pathway and thereby promotes
cost-effectiveness. These guidelines serve as bench-
marks for clinicians and patients, as well as family
members and caregivers.

Ongoing measurement and monitoring of clinical
outcomes is an integral part of the overall change
process. Benchmarks are established, progress is
monitored and results are reported regularly across
the healthcare organisation. This process allows
organisations to compare their performance both
within the organisation and with other organisa-
tions (Berendt et al., 2001). It also helps to moti-
vate staff, to encourage continuous improvement
and, ultimately, to support the sustainability of
wound management programmes. The organisa-
tion can focus on key performance gaps, iden-
tify new opportunities in both quality and cost
improvement (Karpiel, 2000).

Improved wound healing

Results from best-practice wound prevention and
care programmes have demonstrated significant,
and in some cases, dramatic reductions in average
healing times. A recent study followed 263 clients
with leg ulcers and found significant differences
in the healing of lower extremity ulcers was seen
between a best-practice-based approach and stan-
dard community care (Bolton et al., 2004). Improved

wound healing rates lead, in turn, to a number of
associated clinical outcomes. These include

� reduced risk of infection;
� reduced amputations;
� reduced pain and improved comfort for

patients;
� improved quality of life;
� improved patient safety.

From a health economics perspective, a key bene-
fit of more rapid, predictable and consistent healing
times is reduced time spent by wound patients in
acute care. As noted, this is the aspect of care that is
most costly to healthcare organisations and, in most
cases, it is preventable.

Wound prevention

Prevention measures are integral to any best-
practice wound programme. These measures
encompass the prevention of avoidable wounds
such as pressure ulcers, as well as any complica-
tions, deteriorations or infections associated with
existing wounds. Screening upon admission and as
part of routine clinical assessments is required to
identify patients who are at risk of developing a
wound such as a pressure ulcer. The level and type
of risk should inform prevention decisions. Cus-
tom protocols should be designed to reflect these
risks, with clinical practice guidelines used as start-
ing points (Baranoski and Ayello, 2008).

A wound that is prevented is, by definition, a
‘non-event’. The cost savings attributed directly to
prevention measures are therefore difficult to esti-
mate. It can be assumed, however, that for most
best-practice programmes, prevention is a major
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contributor to reduce overall wound prevalence
rates (see later). Also, prevention is widely consid-
ered to be a low-cost intervention that is far less
costly than any of the remedial measures required
to correct a preventable problem, and of course is far
less consequential for patients. A review of various
studies confirms that the costs associated with pre-
vention are limited (Waters, 2005). Finally, wound
prevention is integral to the patient safety impera-
tive of healthcare institutions. Increasingly, wounds
are being recognised as a major patient safety risk
and a reliable indicator of quality of care, including
the associated legal liabilities.

Reduced prevalence of chronic wounds

Wound prevalence and incidence rates are perhaps
one of the best indicators of the overall effective-
ness of best-practice wound prevention and care
programmes (Sussman and Bates-Jensen, 2007).
Data from programmes in various jurisdictions
around the world show that significant reductions
in wound prevalence can be achieved in a wide
range of healthcare settings.

A comparison of similar programmes imple-
mented in two different acute care institutions, one
in Canada and the other in Australia, illustrates
the potential to reduce wound prevalence. The first
institution is a multi-site teaching hospital serving
a large urban community in Ontario, Canada, with
two hospital sites and residential aged care services
providing care for about 29,000 inpatients annually;
the second is an integrated healthcare organisation
in Victoria, Australia, that includes a major regional
hospital, as well as residential aged care services,
with an annual inpatient volume of about 35,000.

Pressure ulcers were identified as a specific clini-
cal issue in both cases. Nurse specialists with exper-
tise in wound care were available, but no broad
organisation-wide programmes or capabilities were
in place. Wound care efforts at both institutions
were characterised by a general lack of awareness
and data on wounds, as well as inconsistencies in
clinical practice, documentation, purchasing, train-
ing and education.

Best-practice programmes were launched first
at the Canadian facility in 2007, and then at the
Australian organisation in 2009. Key results are
summarised in Table 16.2. It is noteworthy that

Table 16.2 Best-practice wound prevention and care programmes: summary of pressure ulcer prevalence and related indicators
before and after programme implementationa

Canadian healthcare organisation
(Hurd et al., 2012)

Australian facility
(Hurd and Trueman, 2012)

Pre-implementation
(2007)

Post-implementation
(2009)

Pre-implementation
(2009)

Post-implementation
(2011)

Total number of patients 309 301 630 635

Pressure ulcer prevalence (% of
patients with pressure ulcers)

21 2.9 15 3.7

Hospital acquired pressure ulcers
(% of total pressure ulcers)

89 12 88 25

Daily dressing changes (% of
patients receiving daily dressing
changes)

40 0 28 1

Use of advanced wound
dressings where appropriate

29 100 35 88

Infection rate (% of pressure ulcer
patients with infected wound)

7 0 9 0

aNote: The Canadian programme was launched in 2007, and was established within approximately 1 year. The post-
implementation survey was completed in 2009, following 12 months of operation. The Australian programme was launched
in 2009, and was also established within 1 year. The post-implementation survey was completed in 2011, following 6 months’
operation.



272 Wound Healing and Skin Integrity

these reductions in pressure ulcer prevalence were
achieved quickly, after about 1 year of programme
operation in Canada and 6 months in Australia.
Continuous improvement is underway at both
institutions, and it is anticipated that pressure ulcer
prevalence rates will drop further to a sustainable
rate well under 10%.

The impact of best-practice wound
prevention and care on health economics

Best-practice wound prevention and care pro-
grammes are aimed at producing evidence-based
clinical outcomes. However, because they establish
robust measurement and monitoring systems and
apply clear, consistent protocols and business pro-
cesses, they are also efficient programmes. They are
designed to ensure that the correct combination of
clinical resources (e.g. clinician expertise, products,
technologies, etc.) reaches each patient as quickly as
possible. As such, they eliminate confusion, errors,
waste and duplication, all of which can lead to sub-
optimal clinical outcomes, as well as unnecessar-
ily high costs. These programmes have also been
shown to address a major opportunity cost that is
attributable to the preventable utilisation of hospi-
tal beds and other acute care resources by wound
patients (Graves et al., 2005). As these programmes
take effect and clinical outcomes are established,
they have been shown to produce significant cost
savings and major improvements in the allocation
of healthcare resources.

The economic impact of best-practice wound pre-
vention and care programmes extend across the
entire continuum of care. Ensuring the delivery of
best-practice care in the most appropriate setting

from the most appropriate provider is a primary
driver in the improvement of cost-effectiveness and
efficiency.

Cost-efficiencies and improved utilisation
of clinical resources

Wound care is labour intensive, and most of the
workload is carried out by nurses. Nursing hours
make up roughly one-third of all wound care costs
(Drew et al., 2007). The implementation of best-
practice wound care can reduce this workload sig-
nificantly, making nursing hours available for other
clinical priorities. It is also noteworthy that, across
healthcare, nurses are responsible for using more
resources than any other categories of healthcare
providers (Finkelman, 2006).

The case profiled in Table 16.3 shows how a shift
to best-practice care in Canada produced signifi-
cant savings, driven in particular by reduced nurs-
ing labour. This case (Teague and Mahoney, 2004)
involves a 21-year-old man with type 1 diabetes,
who was admitted to the medical unit of a major
hospital with diabetic ketoacidosis. This patient had
three traumatic wounds on his left leg. Prior to
the launch of a best-practice programme, he was
being treated with a regimen of gauze bandages and
topical antimicrobial. Although this treatment was
simple and inexpensive in terms of products and
materials, this approach required excessive nurs-
ing hours and did not heal the wound. The new
treatment involved a thorough wound assessment,
the introduction of a comprehensive care path-
way including multidisciplinary components such
as nutrition, advanced dressings based on moist-
wound healing principles and far fewer nursing

Table 16.3 Case cost comparison: wound patient before and after implementation of best-practice wound care

Previous care Cost Best practice Cost

Nursing labour
$40 × 240 visits

$9600.00 Nursing labour
$40 × 6 visits

$240.00

Fucidin acid cream $240.00 Duplex scan $161.30
Gauze bandages $360.00 Multi-layer bandage ×4 $100.00
Gloves $48.00 Nanocrystalline silver 4 × 4 (×2) $26.00

Dressing trays $6.00
Gloves $1.20

Total $10,248.00 Total $534.50
Outcome Not healed Outcome HEALED
Difference in cost: $9,713.50
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Table 16.4 Implementation of best-practice wound care in a community-care setting: selected clinical indicators

Intervention group Control group

Pre-audit Post-audit Pre-audit Post-audit

Mean wound duration (weeks) 60 13 43 46
Advanced dressing and pathway use 41% 88% 47% 46%
Daily dressing changes 38% 13% 44% 49%
Leg ulcers compressed 50% 89% 24% 26%

hours. The result was a healed wound and a total
cost savings of close to C$ 10,000.

Across healthcare organisations, reduced dress-
ing changes as a result of best-practice care lead
to one of the most immediate cost-efficiency bene-
fits. Table 16.2 shows that the percentage of wound
patients receiving daily or more frequent dress-
ing changes in the Australian case introduced
above was reduced from 38% to 6% during the
first 6 months of programme operation. This is a
direct result of substituting dry gauze dressings for
advanced wound dressings based on moist wound
healing principles. A total of 91 wound dressings
within the survey population were being changed
at least once per day, for a total of at least 1364 dress-
ing changes per week. Assuming an average of 10
minutes per dressing change (Drew et al., 2007),
this represents approximately six full-time equiv-
alent (FTE) nursing staff. The number of wounds
changed daily or more frequently was reduced to
11, translating to 77 changes per week, or less than
13 hours of staff time.

The other major cost category for wound care
is hospitalisation, which is estimated to consume
about one-half of all wound care costs (Drew et al.,
2007). Best-practice programmes have been demon-
strated to reduce or virtually eliminate extended
hospital stays and hospital admissions due to
chronic wounds. Table 16.2 shows that infected
pressure ulcers were eliminated in both of the cases
profiled and that use of daily dressing changes were
significantly reduced.

Best-practice wound prevention and care pro-
grammes have been particularly effective in reduc-
ing costs and improving efficiencies in home/
community care organisations. A shift to advanced
wound dressings can be particularly significant, for
example since as many as one-half of all home vis-
its involve wound care (Hurd et al., 2008). Poten-
tial programme results for home/community care
are illustrated by a study conducted in another

Canadian healthcare organisation. This organisa-
tion serves population of approximately 1.6 million
and is responsible for the delivery of in-home nurs-
ing visits to 28,000–32,000 patients each day. Forty-
seven percent of all nursing visits require some form
of wound care.

Programme implementation was preceded by a
detailed trial that compared a control group (no
change to existing wound care practices) with a sim-
ilar group for which best-practice protocols were
implemented. After 1 year, the implementation
group showed significant changes in both wound
care practices and wound healing results, as indi-
cated by the average age of wounds (Table 16.4). The
average total cost of wound treatment per wound
was C$ 3,491 in the intervention group, compared
to C$ 15,996 for the control group (Table 16.5). Sub-
sequent roll-out of the programme across the organ-
isation resulted in a total annual savings of C$ 11.8
million, or roughly 5% of the total annual operating
budget (Hurd and Posnett, 2009).

Two common themes emerge from the cost data
from best-practice wound prevention and care pro-
grammes. First, the time spent by nurses and other
clinicians on routine tasks such as dressing changes

Table 16.5 Implementation of best-practice wound care in a
community-care setting: selected cost indicators

Intervention
group

Control
group

Mean dressing changes
per week

2.78 5.82

Nurse cost per change
Mean materials cost per
change

$57
$39.59

$57
$2.75

Treatment cost to date:
Nurse cost
Materials cost

$2060
$1431

$15,260
$736

Total treatment cost $3491 $15,996
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is reduced, thereby making more time available for
treating the most serious wound cases and man-
aging other clinical priorities. Second, extended
hospital stays, admissions and readmissions due to
wound deterioration and complication are avoided,
thereby making limited acute care resources avail-
able for other priorities and removing a major bar-
rier to efficient bed management within acute care
institutions. These resource-utilisation outcomes
are measured and monitored and become more pre-
dictable as best-practice clinical pathways are estab-
lished, thereby supporting the overall budgeting
and resource management functions of healthcare
organisations.

Redesigning clinical care, business and
information processes

Best-practice wound prevention and care pro-
grammes involve comprehensive processes of
organisational change that extend well beyond sim-
ple introductions of new clinical methods or tech-
nologies. Central to the change that occurs within
organisations is the simplification and standardis-
ation of decision-making and information-sharing
systems:

� Clinical care protocols and process maps are
used to define clear decision-making pathways
for all staff. These tools help to eliminate con-
fusion and reduce the time required to make
patient care decisions and to initiate therapies.

� Measurement and monitoring systems generate
regular feedback on clinical outcomes and per-
formance, so that problems are identified and
solved, progress is monitored, costs are tracked
and areas for improvement are identified.

� Consistent and comprehensive documentation
supports the efficient integration of care services
delivered by a multidisciplinary clinical team.

� Pathways and documentation systems enable
the smooth transition of patients across the con-
tinuum of care (e.g. from acute care to a home-
care setting). Records and pathways go with
the patient, so that care can be continued with
minimal re-assessments, delays, questions or
confusion.

� Detailed product formularies specify wound
care products which are, in turn, linked back to
clinical pathways. These formularies eliminate

duplication and waste, and create opportunities
to reduce costs through bulk purchasing.

� Formularies and clinical pathways also control
the acquisition, allocation and use of capital
equipment such as pressure-reducing surfaces,
to ensure that high-cost devices are carefully
monitored and used only where appropriate.

� Clinical training and education programmes are
focused on pathways and protocols for consis-
tency and efficiency. They are competency based
to support the development of permanent, sus-
tainable clinical capacities and reduce reliance
on external expertise.

� The combination of best-practice clinical path-
ways that are consistently applied and informa-
tion systems that generate regular performance
data creates an organisational environment that
supports patient safety. The risk of clinical errors
that are costly to patients, healthcare workers
and organisations is reduced.

Wound care becomes a fundamental part of clin-
ical practice that is integrally related to the broader
chronic disease management, patient safety and
quality care agendas of health-care organisations.
The systems and processes associated with best-
practice wound prevention and care programmes
are therefore well-positioned to serve as models for
other clinical functions, or to be linked to broader
organisational reforms.

Indirect economic benefits

Best-practice wound prevention and care pro-
grammes can contribute to a positive and produc-
tive workplace environment. Although the launch
of a programme can be challenging, clinicians typ-
ically respond positively when an evidence-based
framework of care is applied consistently and pre-
dictably across the entire organisation. Clinicians
also appreciate regular feedback on performance.
Wound care often represents one of the best avail-
able opportunities in healthcare to produce rapid
results, leading to improved staff morale, with
potential benefits across the organisation.

These programmes also generate economic ben-
efits that extend beyond healthcare into the general
society. Each wound that is prevented or healed
represents an opportunity for someone to enjoy
improved comfort and perhaps, restored mobility
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or the capacity to continue working. Effective
wound care can mean the ability to maintain inde-
pendent living arrangements or reduce dependen-
cies on family members and other support services.
All of these outcomes translate into benefits to indi-
viduals and the broader society that may be difficult
to measure, but in many ways represent the most
important result of best-practice wound prevention
and care programmes.

Summary

Experience to date with the development and
implementation of best-practice wound prevention
and care programmes illustrates the close relation-
ship between quality care and health economics.
As quality and safety initiatives are implemented
across healthcare organisations, errors are reduced
and clinical outcomes are improved and become
more predictable. The appropriate clinical resources
are matched with clinical needs. Waste is reduced
and cost efficiencies are realised. Over time, mea-
surement and monitoring systems enable the con-
tinuous improvement of quality and safety, and
ultimately patient outcomes and resource utilisa-
tion. The prevention and care of chronic wounds is
particularly effective in demonstrating these rela-
tionships due to the widespread occurrence of these
conditions across the healthcare continuum, the
close association with a number of common chronic
diseases and the multi-disciplinary nature of care
and treatment.

In this context of increasingly strained healthcare
resources, it is important for clinicians to develop an
understanding of the relationships between quality
and health economics. This includes an apprecia-
tion for the total cost of care and treatment. Clini-
cians must learn the critical processes involved and
understand the importance of safe, quality care,
delivered in the most appropriate setting by the
most appropriate provider. A broader perspective
that encompasses the organisation and the health-
care system as a whole will ultimately support both
quality and value.

Best-practice wound prevention and care pro-
grammes also illustrate how significant improve-
ments can be achieved through the implementa-
tion of protocols, methodologies and technologies
that are well-established, evidence-based and read-
ily available. Most of the interventions required

are based on the consistent, disciplined applica-
tion of effective and appropriate nursing practice,
rather than any specific new medical technologies
or innovations. In this regard these programmes
offer valuable lessons: they provide processes and
methodologies that can potentially be expanded
and adapted to address other healthcare priorities,
particularly related to the management of common
chronic diseases.

Useful resources

Wound organisations

American Academy of Wound Management (USA).
Available at: http://www.aawm.org

Association for the Advancement of Wound Care. Avail-
able at: http://aawconline.org

Australian Wound Management Association, Inc. Avail-
able at: http://www.awma.com.au

Canada Association of Wound Care. Available at:
http://www.cawc.net

European Wound Management Association. Available at:
http://www.ewma.org

European Pressure Ulcer Advisory Panel. Available at:
http://www.epuap.org

Icelandic Wound Healing Society. Available at:
http://www.sums-is.org/english.aspx

National Alliance of Wound Care. Available at:
http://www.nawccb.org

National Pressure Ulcer Advisory Panel. Available at:
http://www.npuap.org

New Zealand Wound Care Society. Available at:
http://www.nzwcs.org.nz

Registered Nurses Association of Ontario: Wound Care.
Available at: http://rnao.ca/

South Australia Wound Management Association. Avail-
able at: http://www.awma.com.au/sa/

Tasmanian Wound Care Association. Available at:
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Overview
� Wound management originates from humble beginnings as innovative technologies have stimulated advances in new

treatments. Wound care has now developed into the global arena with most countries having some advanced wound
products available.

� Technological advances mean that dressings now have specific functions, such as the ability to reduce bacterial burden,
and need to be selected carefully. This makes dressing choice complicated resulting in a large number of inappropriate
dressings being used today.

� Although 50 years old, the principle of moist wound healing and adoption of advanced products is not universal. It is
generally accepted that today less than 50% of chronic wounds receive appropriate modern moist wound dressings.

� Advanced wound technologies require key evidence to support their use. But the effectiveness of these products is hindered
by the difficulty of choosing the ‘right’ product for the ‘right’ wounds at the ‘right’ time.

� There is a danger today that cost-cutting measures may restrict the development of wound management as a clinical
specialty. To survive, data urgently need to be collected to provide information to convince those who determine health
policy that wound care is a serious concern.

� Significant funding challenges for healthcare services globally is likely in the future to result in the emergence of specialised,
multidisciplinary clinical service delivery in the public and private sectors for patients with wound and skin integrity
problems.

Introduction

Over the past 40 years, clinicians have been exposed
to a plethora of new advanced wound dress-
ings. Many reviews have been written concerning
the development of dressing technology and indi-
vidual products often updating from the last to
reflect the evolution of wound dressings over time

(James and Watson, 1975; Eaglstein and Mertz, 1978;
Harding et al., 2002; Thomas and O’Donnell, 2006).
These publications often present a regional perspec-
tive of the development of modern wound care and
may not be evidenced based.

However, the development of the modern wound
care concept and adoption of advanced products
is not universal even today. Healthcare markets in
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Figure 17.1 Estimated size of the global wound dressing market.

different countries develop at different times and
evolve at different rates. Expert opinion can vary
in different countries and between discrete profes-
sional groups resulting in conflicting advice and dif-
ferent practice recommendations. This means that
implementation of change in clinical practice can be
frustratingly slow and may differ by geographical
region and culture.

Today, wound care is a global arena with most
countries having some elements of technology and
dressing product available. Although traditional
wound dressings still account for a significant num-
ber of dressing products used even today, there
has been an explosion of interactive and advanced
dressing products over the past 30 years mak-
ing wound healing a multibillion dollar industry
(Figure 17.1).

However, the efficacy of many wound dress-
ing products has not been empirically and rigor-
ously tested and clinicians may not have the critical
appraisal skills to differentiate between good- and
poor-quality research evidence. In recent years, the
Internet has helped to share best practice and pro-
vides a good source of clinical guidelines developed
by specialist consensus groups to support clinical
decision-making. But this is an area that requires

further improvement if wound management is to
mature into a true clinical specialty.

This chapter will review the historical develop-
ment of advanced wound technologies, highlight-
ing major advances in our understanding of wound
healing. It will discuss implications for practice
development and the future of wound care as a
clinical specialty.

Evolution of new wound dressing
technologies

The management of wounds began in Egyptian
times (Sipos et al., 2004) with grease-soaked gauze
bandages. Over the centuries, a variety of mate-
rials such as leaves, mud and marine sponges
have been used to cover wounds and although
wound contact materials have become more sophis-
ticated, their function to promote healing has
remained the same. Up until the 1980s, traditional
dressings such as gauze were non-occlusive and
dried out adhering to the wound bed. This led to
wound trauma and bleeding at dressing removal,
causing pain and delayed healing (Rogers et al.,
1999).
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In the 1960s and 1970s, the pioneering work of
a group of researchers into the effects of occlusive
dressings stimulated a interest in the development
of a new generation of dressing materials which
has transformed and challenged traditionally
accepted approaches to wound management and
improved the management of patients with chronic
wounds (Winter, 1962; Hinman and Maibach,
1963; James and Watson, 1975). Others went on to
study this phenomenon in humans and demon-
strated not only faster healing but also better
tissue quality (less scarring) (Alvarez et al., 1983;
Foertsch et al., 1998; Eaglstein, 2001) and reduced
pain (Nemeth et al., 1991).

During the 1980s, wound care took a new direc-
tion with the widespread introduction of products
that promoted moist wound healing (Eaglstein and
Mertz, 1978; Alvarez et al., 1983; Alvarez, 1988). As
the principle of moist wound healing gained accep-
tance, dressings that were capable of providing con-
ditions that promoted healing became available for
the first time. Today, there is a better understanding
of local factors that delay wound healing such as the
need to control the wound bioburden and absorb
chronic wound fluid (Schultz et al., 2003). So wound
dressings are now designed to function in specific
circumstances and therefore, the choice of product
for optimal wound management is not straightfor-
ward. Dressing choice should not be made for a sin-
gle wound factor or indeed one specific function.
The wound, the patient and their multiple needs
should also be considered.

Optimal wound-care wisdom understands and
promotes the need for a moist interactive dress-
ing in chronic wounds with an improved ability to
heal (Keast and Orsted, 1998). Unfortunately, best
practice does not necessarily follow and a large
number of inappropriate dressings are still used
today. Any treatment choice should consider other
patient-centred factors involved in the quality of
their life in addition to healing.

Moist interactive wound care has been in exis-
tence for the past three decades in countries such
as the United Kingdom and the United States and
the concept of moist wound healing is not new.
But, even today, the use of dressings promoting
moist wound healing in regular wound care prac-
tice is too low and it is generally accepted that
less than 50% of chronic wounds receive mod-
ern moist wound dressings even when they are
appropriate (Eaglstein, 2001). The main justifica-

tion for the continued use of traditional dressings
is budget constraints (cost and unavailability) and
lack of knowledge, particularly in routine health-
care settings. These are mainly gauze-based dress-
ings, which do little to promote healing or patient
comfort.

Dressing manufacturers have been aware of the
benefits of moist wound healing for some time, and
as a result an evolutionary development process,
through innovation, has provided the comprehen-
sive range of moist interactive dressings available
today. These products are based on the same prin-
ciples defined by Winter in 1962 by creating a moist
environment to enhance healing, reduce pain and
improve scar quality, allowing healing to progress
more naturally.

During the evolutionary development of mod-
ern dressing materials, manufacturers have become
aware of product shortcomings and have designed
better product variants. The modern wound care
revolution truly began in the late 1980s and early
1990s with an explosion of products and significant
scientific and clinical research around the area of
moist healing. It is now routinely accepted among
key opinion leaders that moist wound healing has
been shown to be superior with respect to wound
management, when compared with dry dressings
(Eaglstein, 1985; Eisenberg, 1986; Eaglstein et al.,
1987; Nemeth et al., 1991; Harding et al., 2000). The
wound bed preparation paradigm introduced by
Sibbald et al. (2000) involved treating the cause,
local wound care and patient-centred concerns
and began to give some structure to the clini-
cal thought process around dressing choice and a
patient-centred approach to care. Treating the cause
revolves around the correct diagnosis of the wound
aetiology and patient-centred concerns focus on
what the patient sees as the primary reasons for
receiving treatment for his/her wound.

The healing revolution

One of the earliest moist interactive dressings were
polyurethane films which were used in Winter’s
classic study in 1962 widely acknowledged as being
responsible for the concept of moist wound healing.
This type of film dressing simply adhered to the
surrounding skin trapping moisture at the wound
bed. Film dressings provided some pain relief by
preventing dehydration of the wound surface and



Dressings: The Healing Revolution 281

bathing exposed nerve endings in wound fluid. The
strong adhesives used to secure the dressing film
could cause trauma on removal (Campbell et al.,
2000), although today improved adhesive technol-
ogy and careful removal techniques help to min-
imise skin damage (Burge, 2004). Strong adhesive
bonds in this type of dressing may lead to skin tears
unless the adhesive bond is weakened by stretch-
ing the dressing laterally and parallel to the wound
surface before trying to remove the dressing by gen-
tly lifting at a 90◦ angle above the wound surface.
Polyurethane film dressings are not designed to
absorb fluid as exudate accumulation may break
the seal to the external environment and risk bacte-
rial contamination.

Following the limitations of the film dressings, a
number of more absorbent moist wound care dress-
ing categories were developed and a plethora of
products became available in the 1980s and 1990s:

� Hydrocolloid dressings (Friedman and Su, 1984;
Heffernan and Martin, 1994; Chang et al., 1998)
were shown to produce a moist environment by
gelling on contact with wound fluid. The outer
layer of hydrocolloids is protected by a semi-
occlusive film covering;

� Foam dressings (Thomas et al., 1997; Martini
et al., 1999; Ashford et al., 2001; Kammerlan-
der and Eberlein, 2003; Viamontes et al., 2003)
provided an easy-to-remove, absorbent, non-
adhesive contact surface (some newer products
contain adhesive surfaces);

� Alginates (Piacquadio and Nelson, 1992; Bale
et al., 2001) transform from a fibre to a soft gel
on contact with wound fluid and provide a low-
adherent wound contact surface that provides a
moist wound environment;

� Hydrogels (Mandy, 1983; Yates and Hadfield,
1984; Kickhofen et al., 1986; Misterka, 1991;
Sdlarik et al., 1995; Whittle et al., 1996; Agren,
1998; Eisenbud et al., 2003) provide high water
content in a gel lattice that makes them non-
adherent and soothing. This type of dressing
rehydrates the wound and facilitates autolysis.

All of these new products were designed with
moist wound healing in mind, to promote faster
healing. Some products were designed to provide
security with regard to adhesion, while maintain-
ing a moist environment. Other products provided
moisture balance by absorbing and/or retaining

wound exudate. Many modern dressings minimise
wound pain by being low adherent and creating
a moist environment which soothes exposed nerve
endings, e.g. hydrogels, or are biodegradable and
easily rinsed from the wound surface, e.g. alginates.
Over the years, widespread use of these dressing
products on a wide range of different wounds has
provided insight into their advantages as well as
their limitations.

However, the reality is that there is still not one
ideal dressing that can manage all of the different
local conditions found in different types of wound.

Film and hydrocolloid dressings have aggressive
adhesives which can result in skin stripping around
wound margins (Dykes et al., 2001; Finnie, 2002).
Foam dressings can also adhere to the wound bed
if wound exudation is low and should be used with
caution on low-exudating wounds under compres-
sion bandages (Malone, 1987). Some products rely
heavily on secondary coverings for retention, e.g.
amorphous hydrogels, but some dressing combi-
nations can be detrimental to wound healing. For
example, an absorptive secondary dressing may
remove the moisture from an amorphous hydro-
gel and dehydrate the wound bed. On the other
hand, if an adhesive film is used over an amorphous
hydrogel, the excess moisture trapped at the wound
margin can cause maceration and cause wounds
to deteriorate. Alginates absorb wound fluid but if
they become supersaturated, the resultant gel may
cause maceration of the surrounding skin or allow
strikethrough of excess exudate through the sec-
ondary dressing. If a wound is too dry to trans-
form the alginate fibres into a hydrogel-like mate-
rial, then the wound surface remains dry and the
undissolved dressing fibres do not provide moist
interactive healing. These are some specific exam-
ples of limitations of wound dressings, the skill of
dressing selection is to understand which dressing
is appropriate for the wound at that specific time as
this may change as the wound heals or deteriorates,
e.g. becomes infected.

These issues led manufacturers to develop
second-, third- and even fourth-generation prod-
ucts of existing dressings to improve their perfor-
mance so that today clinicians are able to use more
absorbent hydrocolloids or foams (Daniels et al.,
2002; Goodhead, 2002). Classification of dressings
is evolving as variants of modern dressing become
available. Technological advances are providing
wound contact materials with surfaces to reduce
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adhesion that are more absorbent (Martinez et al.,
1998), e.g. hydrofibres (Legarra et al., 1997a; Bowler
et al., 1999; Russell and Carr, 2000; Vloemans et al.,
2001; Garcia et al., 2002) and next-generation hydro-
colloid dressings (Legarra et al., 1997b).

Dressing evolution led by technology:
an example

As the use of film dressings increased, clinicians
began to see limitations which created an opening
for development of alternative interactive dress-
ings. At the same time, clinicians treating stoma
patients noticed that the skin surrounding stomas
began to heal under hydrocolloid stoma wafers.
This led to the development of hydrocolloid dress-
ings for wound management and the moist wound
healing revolution really began. The introduction
of hydrocolloids for the treatment of wounds drove
both the clinical and technological adoption of
the findings of Winter’s work some 20 years after
his discovery of the importance of moist wound
healing (Mollard, 1984). This revolution was also
spurred on in the 1980s by a more aggressive
approach to the marketing of hydrocolloids than
that of previous dressings.

Hydrocolloids comprise an adhesive rubber
matrix containing a gel-forming colloidal sus-
pension such as sodium carboxymethylcellulose
or gelatin, containing fluid-absorbing particles
(Thomas, 2008). Hydrocolloid dressings were modi-
fied from stoma products to be more appropriate for
wound care. The adhesive wafers were backed by
polyurethane films to make them easier to handle
and to provide moisture-retentive properties previ-
ously offered only by film dressings. Hydrocolloid
dressings overcame one of the limitations of film
dressings by being able to absorb wound fluid.

Hydrocolloid dressings have been subject to a
great deal of research. Much of this has centred
around their mechanism of action and has by
default led to the expansion of scientific knowl-
edge about wound healing processes. Hydrocolloid
dressings have been shown to not only provide a
moist environment but to influence healing by cre-
ating an environment where the biological process
of healing occurs in a more ordered fashion (Chen
et al., 1992).

The first hydrocolloid dressing was launched
in the United Kingdom in 1982, and was intro-

duced into the United States a year later. This first
formulation produced a viscous gel in the pres-
ence of exudate. By the 1990s, new formulations
were introduced to provide greater absorption and
today many companies produce generic versions of
hydrocolloids (Thomas, 2008). All of these products
are broadly similar in appearance and are used for
the same range of clinical indications, despite some
differences in their structure and composition. The
continued development of hydrocolloid technology
has provided a number of new technologies and
dressings in other formats such as gels, foams and
fibres. In addition, there are a number of combi-
nation dressing products available which contain
hydrocolloid particles.

Hydrocolloids are not ideally suited for all
clinical situations and do not absorb high lev-
els of exudate. This lead to the development of
newer technologies in the 1990s when hydrofibre
dressings were introduced. Hydrofibre dressings
are soft, non-woven pads or ribbons composed
of sodium carboxymethylcellulose which absorb
wound fluid, transforming it into a soft gel to main-
tain a moist environment to support healing and
promote autolytic debridement (Armstrong and
Ruckley, 1997).

This new technology created a new category of
dressings that were neither hydrocolloid nor algi-
nate but a hybrid of both and so the term hydrofibre
was born. As this name was trademarked, similar
dressings cannot refer to themselves as hydrofibres
and this dressing category is likely to be renamed as
‘gelling fibres’ with different sub-categories, which
may include alginates as it expands.

Patient-centred dressing evolution:
an example

Specialised wound contact materials have been
developed to improve the management of wound
pain by producing dressings that release easily
from the wound surface to minimise trauma. This
was a more patient-centred, rather than material-
focused, evolutionary approach. The significance
of this development was that the approach used
changed from material development, e.g. dress-
ing performance, to patient symptom management.
Dressing materials were specifically redesigned to
have low-adherent coatings such as silicone that did
not dry out and adhere.
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Silicones are not new to wound care; indeed, they
have been used in burns for over 30 years (Brossy,
1981; Bugmann et al., 1998). The most popular
dressings were low-adherent silicone gel sheets for
the management of burns (Perkins et al., 1983) and
hypertrophic scars (Bail et al., 1998). Silicone dress-
ings help minimise pain during dressing removal
and have now progressed beyond simple gels and
coatings, recently being redeveloped as soft silicone
dressing technology.

Soft silicone dressings rely on a hydrophobic sili-
cone layer that prevents the dressing from adhering
to the wound surface. They do so by maintaining
contact without causing friction and shear, thereby
reducing the tear force on removal.

The soft silicones are among the first dressing
products to be specifically designed for atraumatic
removal from the wound bed and surrounding
skin, with a focus on pain management. A variety
of product variants now exist, providing a versa-
tile technology for a number of clinical situations
(Schwope et al., 1977). There are many patient testi-
monials supporting the use of these products which
have become extremely popular for wounds associ-
ated with fragile skin such as skin tears and blister-
ing diseases (Waring et al., 2009) and use for those
with delicate skin such as children and the elderly
(Cutting, 2008).

Advanced wound technologies

More sophisticated biological approaches to wound
management have been around for the 40 years in
which advanced wound modalities have evolved.
Such an approach began in the burns arena with
the use of artificial skin substitutes (Phillips and
Gilchrest, 1990), which have become significantly
more advanced (Hansbrough et al., 1994; Gentzkow
et al., 1996; Barret et al., 2000) with the development
of technologies such as Dermagraft (Curran and
Plosker, 2002), Apligraf and similar modalities.

Biologically active dressings, based on collagen
(Bou et al., 2002; Ishihara et al., 2002), chitosan
(Doillon and Silver, 1986), hyaluronic acid (David-
son et al., 1991; Hashimoto et al., 2004), peptides
(Skokan and Davis, 1993) and growth factors
(Drisdelle, 2003; Henderson et al., 2003) have been
developed and evaluated, but most still require
evidence to substantiate widespread use beyond
complex wounds that are slow to heal. Biologically
active dressings have a comparatively high unit

cost and there is a general lack of good-quality, cost-
effective data to support their use. It is also difficult
to accurately predict which wounds would benefit
from such technologies and, as such, the overall
effectiveness is diluted in clinical trials.

The reintroduction of larvae therapy (maggots)
into clinical practice is a novel biological approach
to wound debridement and cleansing which has
gained popularity in recent years and a number
of commercial organisations now farm sterile mag-
gots, increasing their availability (Dowsett, 2003).

Developments in the antimicrobial dressing’s cat-
egory (Cullen et al., 2002; Lansdown, 2003) and
regenerated cellulose–collagen dressings (Evans
and Land, 2001) have given significant focus to met-
alloproteases and other pro-inflammatory media-
tors in wound healing. Current research into these
products is greatly adding to our understanding
of the role of the inflammatory response in wound
healing. However, the true effectiveness of these
advanced wound products is hindered by the diffi-
culty of choosing the ‘right’ product for the ‘right’
wounds at the ‘right’ time. The development and
evolution of these wound healing products has
focused on a more scientific and patient-focused
approach rather than based on the properties of
the materials or their limitations in the physical
wound environment. This has become the preferred
approach to product design in the 2000s where the
development of wound management products has
become more mature.

Some non-dressing approaches to wound healing
exist. These generally centre on negative pressure
therapy (WUWHS, 2008), hyperbaric oxygen (Wang
et al., 2003; Roeckl-Wiedmann et al., 2005), topical
oxygen delivery (Quirinia, 2000) and warm-up ther-
apies (Hess and Kirsner, 2003). Other approaches
including transcutaneous electrical nerve stimula-
tion, ultrasound and various skin grafting tech-
niques, for example, pinch grafts, have also been
tried. Some attempts have been made using sys-
temic drugs to treat recalcitrant wounds but with
little success.

Some of the more advanced wound technologies
have been successful and in some cases clinical evi-
dence exists, but due to their generally higher per-
ceived costs they are not often part of routine clin-
ical practice and have some further evolutionary
steps to make. However, negative pressure therapy
remains the most significant therapy category in
wound care globally.
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However, most of these advanced technologies
still require key data to support their use. In recent
years, the development of these advanced modal-
ities has focused around a more scientific, clinical
and patient-focused approach and is producing evi-
dence that is more applicable to everyday clinical
practice. The European Wound Management Asso-
ciation (EWMA) set up a Patient Outcome Group in
2010 to identify recommendations to improve clini-
cal research in wound management which included
the following:

� An objective evaluation of dressing perfor-
mance may not require a comparative study
as the relevant data could be assessed using a
cohort study with a validated protocol.

� Decisions to adopt a new technology or proce-
dure should not be made on the basis of clinical
outcomes alone. Rational choice requires evi-
dence of the costs and benefits of alternatives.

� Studies should be designed to address the rela-
tive cost-effectiveness of alternative treatments
from the outset, in addition to safety and effi-
cacy data.

� The choice of study duration must consider the
type and size of the wound and its natural out-
come.

(Gottrup et al., 2010)

The future: wound care as a
clinical specialty

Historically, the development of wound care as a
clinical specialty has primarily been the remit of
clinicians with a special interest. But in reality, the
growth of wound care as a clinical specialty has
been led by industry through the development and
marketing of new wound products and technolo-
gies (Queen, 2006).

The introduction of these technological advances
has required significant education for clinicians,
patients and their carers and has led the way
to the development of the clinical specialty of
wound management. As clinicians and health ser-
vice providers have become involved, the demand
for evidence of treatment efficacy has increased,
resulting in diversion of industry resources pre-
viously involved in innovation (e.g. development
of diagnostic tools), which has limited the contin-
ued development of wound care as a specialty.

Whilst it is important to demonstrate treatment
efficacy, there is growing concern about the value
and relevance of the RCT in wound care consid-
ering the varied and multiple co-morbidities that
exist in patients with non-healing wounds as this
will affect trial outcome data despite use of spe-
cific inclusion/exclusion criteria. In addition, the
competitive nature of the industry supporting the
wound care market has also impacted the continued
evolution of the specialty (Harding, 2008; Queen,
2010).

If the development and adoption of the princi-
ple of moist wound healing or the implementation
of a multidisciplinary approach are taken as the
biggest indicators of specialty development, then
some progress has been made but on a limited
basis. Today, at best 50% of wound carers use moist
wound healing and even less work as part of an
integrated multidisciplinary team, so the evolution
of wound management still has some ways to catch
up with other clinical specialties.

One of the biggest barriers to the evolution of
wound care, as a clinical specialty, is awareness and
burden of proof, e.g. efficacy data. Both of these bar-
riers could be minimised by policy-driven changes.
But this is difficult to achieve as governments, who
face significant financial challenges in the delivery
of healthcare, are not only ignorant to the costs
related to the treatment and prevention of wounds
but are focused on what they believe are more
important healthcare challenges. Indeed in some
countries government agencies are implementing
drastic cost-saving steps that are driving the evolu-
tion of wound management backwards such as the
elimination of specialist wound care nurses. There
is a significant danger that cost elimination pro-
grammes, if not implemented carefully, will restrict
the future development of wound care services and
compromise patient care at a time when the burden
of chronic wound conditions are growing due to an
aging population.

To address these issues, data need to be collected
and pooled to provide the information necessary
to convince those who drive health policy. Gov-
ernments learn from governments, so incremental
differences regionally can ultimately have an inter-
national impact. Politicians need to be lobbied, as do
other government decision-makers, to firmly estab-
lish wound care as part of their focus and agenda.
This will help with the realisation that management
of skin integrity and wounds is a huge issue for
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society, which is growing exponentially as people
live longer.

Ironically clinicians, academia and industry have
a shared agenda which is concerned with raising
awareness and development of an educated, more
sophisticated marketplace to enhance wound heal-
ing as a specialty (Figure 17.2).

Together they need to lead government and pol-
icymakers to understand the complexity of wound
care and tailor government initiatives and spend-
ing to suit the needs the patients with compromised
skin integrity. Clinicians have an ethical and clinical
responsibility to patients, government has a moral
and fiscal responsibility to patients and industry
has an ethical responsibility to provide effective
treatment options for patients.

A recent publication noted that a key driver of the
standardisation of practice is accurate assessment
and diagnosis (Queen, 2010). As such, any diagnos-
tic tool will play a pivotal role in the emergence
of wound care as a clinical specialty. Figure 17.3

demonstrates the importance that diagnosis has in
the evolution and adoption of standardised prac-
tice, which will include advanced therapeutics as
this evolution occurs.

So the past 50 years has delivered change
within practice, but clearly not enough as there
still remains significant development to reach the
degree of specialisation of other diseases.

Looking to the next 50 years of wound manage-
ment we would predict

� continued commoditisation of current so-called
advanced therapies, with little development of
new materials, certainly in the short term (e.g.
10 years);

� some existing therapies (e.g. protease modula-
tion) finding their place within the wound treat-
ment spectrum, with appropriate evidence to
support and direct their use;

� the true emergence of biological or pharmaceu-
tical approaches with a better understanding
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of where and when to use them, e.g. ther-
anostics;

� the evidence debate being agreed upon with
a clearer understanding of the type and level
of evidence required for wound care and a
wide range of evidence considered appropri-
ate to support the process of clinical decision-
making;

� assessment and diagnosis will become as
sophisticated as in other clinical areas, including
genetic signatures used to identify a patient’s
‘healability’;

� as data are collected and presented, policymak-
ers and funders will have a clearer understand-
ing of the challenges both patients and carers
alike face in the management of wounds and
associated skin integrity problems;

� due to the significant funding challenges
for healthcare services across the world,
specialised, multidisciplinary clinical service
delivery, both public and private, will emerge
for patients with wound and skin integrity
problems;

� preventative strategies will become a reality,
as governments and payers better understand
both the clinical specialty of wound care and
also the economics of prevention rather than
treatment in this clinical arena;

� as patient care becomes more self-care focused,
there will be an emergence of patient educa-
tional materials, without the fear of litigation,
which provides accurate guidance to self- or
family-driven wound care.

Perhaps a stronger focus on the development of
better wound assessment and diagnostic tools and
more specialised clinical service delivery, rather
than the development of more therapies, would
help achieve the specialty status of ‘woundology’
which would have equal recognition to other clin-
ical specialties such as oncology and cardiology.
As care becomes more self-driven, either by self-
treatment or choice of service provider, the patient’s
voice will surely lead to more significant changes
over the next 50 years. To date, healthcare providers
have, to a degree, failed to acknowledge patient
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concerns as part of the multidisciplinary approach
to the prevention or treatment of wounds. Perhaps
in future, however, those with the most significant
vested interest will finally be heard.

Summary

Wound therapies have evolved significantly over
the past four decades, providing more effective
and more user-friendly dressings. Technology and
product proliferation, however, varies by geogra-
phy, usually as a function of economics and health-
care policy. From the banana-leaf and potato-peel
approaches of the Third World to the sophisti-
cated interactive dressings and growth factors of
the developed world, much has advanced in rela-
tion to wound contact materials in recent years.
However, one could argue that too much dressing
choice exists, and the selection of a particular prod-
uct without sufficient robust trial data to support its
use remains, at best, an expensive guessing game.

The increase in clinical knowledge that new tech-
nologies and products bring to the wound care
arena means that caregivers are better equipped
than ever before to make the right treatment
choices. Implementation of local wound manage-
ment protocols based on best practice by an inte-
grated multidisciplinary team using an appropri-
ate treatment that is patient-, wound- and disease-
specific will vastly improve healing outcomes com-
pared to those available four decades ago.

Where can technology lead the evolution of
wound management in the future? The creativity of
clinicians, scientists and technologists has, to date,
produced a range of sophisticated dressing mate-
rials for a variety of clinical situations. One thing
is certain, the future of wound treatment and pre-
vention will continue to evolve to meet new clinical
challenges and improve quality of life for patients
with compromised skin integrity.

Useful resources

Jones, V., Grey, J.E., Harding, K.G. (2006) ABC of Wound
Healing. British Medical Journal, 332, 777–780. Available
at: www.bmj.com

Stephen, T. (2010). Surgical Dressings and Wound Manage-
ment. England: Medetec Publications.

This book provides a comprehensive review of wound
dressing materials including: dressing development,
mode of action of generic dressing groups and indica-

tions for clinical use. It is available as a printed book or
as an e-book at: www.medetec.co.uk

The Surgical Materials Testing Laboratory provides dress-
ing and medical device testing and produces technical
reports to assist evidence-based purchasing. Available
at: www.smtl.co.uk
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