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The mission of the European Pressure Ulcer Advisory Panel (EPUAP) is:

To provide relief for persons suffering from, or at risk of, pressure ulcers, through 
research and the education of the public and by influencing pressure ulcer policy in 
all European countries towards an adequate patient centred and cost effective pres-
sure ulcer care.

To this end we are indebted to Professor Marco Romanelli, his co-editors and 
chapter authors in developing the second edition of Science and Practice of Pressure 
Ulcer Management on behalf of and as a resource for the EPUAP.

Written by experts in the prevention and management of pressure ulcers, the 
book complements the first edition with new chapters in areas including bioengi-
neering (biomarkers and cushion characteristics); special populations: paediatrics 
and obstetrics and gynaecology; health-related quality of life; confounding factors 
relating directly to skin protection including incontinence-associated dermatitis, 
microclimate and skin care; advanced treatment therapies and innovation; and the 
Stop Pressure Ulcer Day and other initiatives.

Aimed at dermatology clinicians, surgeons, nurses and allied healthcare profes-
sionals, the book is a key clinical reference text for the prevention and treatment of 
pressure ulcers, an aspect of medicine and healthcare which can be clinically 
challenging.

Prague, Czech Republic Jane Nixon, Ph.D., M.B.E.

Foreword
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The Potential of Biomarkers in the Early 
Detection of Pressure Ulcers

Dan Bader and Cees Oomens

 Introduction

In the minimal data set for risk factors, based on the UK National Institute of Health 
Research (NIHR) PURPOSE Program in Leeds, skin condition and immobility are 
considered to be critical primary factors for pressure ulcer development [1]. 
However, an assessment of these parameters is necessarily vague, based on subjec-
tive clinical judgement. Indeed the most commonly employed risk assessment 
scales (RAS) for nurses, developed by Braden, Waterlow and Norton, include a 
wide range of factors, such as mobility, age, sex, and incontinence. Although there 
has been considerable research of an epidemiological nature, there has been rela-
tively little new fundamental research that has led to a causal relationship between 
specific factors and the risk of developing a pressure ulcer. An example of the for-
mer study examined the sensitivity and specificity of the existing RAS [2], and 
reported an incorrect classification for up to 30% of the hospitalized patients with 
PUs. Thus, patients at high risk might not receive adequate preventative measures. 
This identifies a critical need to develop objective robust methods for clinical use, 
based on physiological mechanisms, to assess integrity/status of soft tissues. This 
will inform levels of risk and provide effective management in the form of rigorous 
intervention strategies.
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 Bioengineering Solutions

Over the last 50 years, much of the research focus has been centred on adapting 
biomechanical and physiological measurements for use at the loaded patient- 
support interface. As an example, considerable effort was made in developing 
an array of discrete sensors, which could map the pressure distribution at the 
loaded interface and provide an aid to clinical prescription of an appropriate 
support surface. Such measurements can also be used as a biofeedback tool to 
the patient providing evidence of postural factors associated with pelvic obliq-
uity, tilt and rotation and the efficacy of pressure relief regimes. As pressure is 
force per unit area it is obvious that the shape of a subject will have an effect on 
the interface pressure distribution. Both shape and form of a subject at a load-
bearing site will depend upon the underlying bony skeleton, the quantity, tone 
and shape of the musculature and the amount of subcutaneous fat, as well as the 
resilience of the intervening skin. It has been proposed that each of these tissues 
exhibit a distinct tolerance to mechanical loading, in terms of their time to dam-
age [3]. As an example, physiological and anatomical studies show that irrevers-
ible muscle cell damage is initiated after 3 h of ischaemia and is almost complete 
by 6 h. Additionally, there is a complex interaction between body morphology 
and interface pressure and there are many cases for which subjects with very 
similar body types can exhibit distinctly different interface pressures. Indeed 
the range of interface pressures on various anatomical sites vary widely with the 
underlying anatomy and it is not often possible to predict the interface pressures 
from the individual body type and body mass index. Accordingly, it is evident 
that monitoring both the magnitude and period of interface pressures alone will 
not prove sufficient to alert the clinician to potential areas of tissue breakdown. 
This has motivated a number of investigators to utilize alternative measurement 
techniques, which can provide indicators of compromise to the health of soft 
tissues in the loaded state. A series of studies have been reported which exam-
ined the effects of pressure and time on soft tissue viability, using physical sens-
ing systems, typically transcutaneous oxygen and carbon dioxide tensions 
(TcPO2/TcPO2) or Laser Doppler fluxmetry [4–6]. A number of criteria were 
developed for the former technique based on the reduction of TcPO2 in the 
absence or presence of increased TcPCO2 above unloaded basal values. This 
approach indicated, for example, that normal pressure relieving strategies con-
ducted by a wheelchair- bound individual, such as pushing-up from the cushion, 
were not sufficient to restore tissue viability to basal levels of TcPO2 [7, 8]. 
More recently, the present authors have examined the viability of skin  tissues 
when supported for prolonged periods, specifically on both a spine-board [9] 
and an alternating pressure air mattress (APAMs). As an example, they demon-
strated that the internal pressures of a prototype APAM, which could be adjusted 
to subject morphology, was successful in maintaining tissue viability  at the 
sacrum for supine volunteers [10]. Using the same criteria, the performance of 
lateral rotation provided by an active mattress system was examined in compari-
son to  the response provided by manual repositioning adopted by the nursing 
staff [11].

D. Bader and C. Oomens
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 Motivation for Biomarker Research

It is evident that in order to interrogate the effects of externally-applied mechanical 
loading at the tissue level, it is most appropriate to sample the biochemical milieu, 
in the form of a range of biomarkers. This would reflect the internal state of the tis-
sues incorporating compromise of both blood supply and lymphatic drainage and 
the resulting effects at the cellular level. As an example, in the absence of adequate 
oxygen delivery, cell metabolism converts from an aerobic to anaerobic state, with 
an associated increase in molecules such as lactate leading to a decrease in local 
pH. This is potentially damaging to the viability of the cell niche.

A biomarker may be defined as a measurable characteristic that reflects the presence 
and/or severity of some disease state or some other physiological state of an organism. 
This can be achieved by sampling either tissues or body fluids from an individual and 
analyzing its constituents. A biomarker can also represent a substance that either is 
introduced into an organism as a means to examine organ function or other aspects of 
health or whose detection indicates a particular disease state, for example, the presence 
of an antibody may indicate an infection. Thus, biomarkers can be specific cells, 
molecules, genes or their products, enzymes or hormones. Although the term biomarker 
is relatively new, the concept is well established in pre-clinical research and clinical 
diagnosis. For example, cholesterol values are risk indicators for coronary and vascular 
disease, while C-reactive protein (CRP) is a marker for inflammation.

Indeed research to identify biomarkers has blossomed in the last few decades, 
with a plethora of research studies associated with diverse long-term conditions, 
such as cardiovascular disease, diabetes and cancer (Table 1.1). This is supported by 
a very active industrial interest, with companies involved for example in developing 
glucose biosensors for individuals with diabetes. By contrast, with reference to 
either chronic wound fluid or pressure ulcers per se, the literature review revealed 
relatively few papers related to biomarkers from different medium.

An ideal biomarker for early PU detection should exhibit the following characteristics:-

• Easy specimen collection (minimally invasive, small representative volumes)
• Simple, robust method of analysis at relatively low cost
• Stable for subsequent analysis

Table 1.1 Published studies on biomarkers in disease states

PubMed (August 5th 2015) search revealed

• 74,918 papers on biomarkers and cardiovascular disease
• 24,918 papers on biomarkers and diabetes
• 267,922 papers on biomarkers and cancer
• 2360 papers on biomarkers and chronic obstructive pulmonary disease
• 81 papers on biomarkers in chronic wound fluid
• 13 papers on biomarkers in wound fluid in chronic ulcers
• 107 papers on biomarkers and pressure ulcers, including
      10 on early detection, 59 on treatment

1 The Potential of Biomarkers in the Early Detection of Pressure Ulcers
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• High sensitivity/specificity characteristics matched to the method of analysis
• Provides a means to evaluate intervention strategies designed to produce effec-

tive prevention with the resulting benefits to the individual and the health 
services

These features will be discussed according to the tissue/fluid interrogated in 
studies involving both able-bodied volunteers and subjects deemed to be at risk of 
developing a pressure ulcer.

 Epidermal Markers

It is well established that inflammation is one of the earliest response of skin to 
mechanical irritation. This is activated by the keratinocytes within the epidermis, 
which release a cascade of markers, notably involving cytokines and chemokines 
(Fig.  1.1). These molecules have long been identified as major mediators of 
inflammation, although their precise role in the development of pressure ulcers 
remains unclear. Previous studies, however, have demonstrated that IL-1α is a 
pluripotent, multifunctional cytokine that plays a key role in the initiation and 
development of inflammatory and immune responses. Keratinocytes constitutively 
produce IL-1α and their competitive antagonist, IL-1RA.  Furthermore, IL-1α is 
known to induce the production of IL-8.

Superoxide radical, purine
metabolism e.g. xanthine, urate

etc. and hydrogen peroxide
Hydroxyl radical

Anoxia and subsequent
Glycolysis

Cytokine ReleaseOcclusion of Blood Flow
Reduction in O2 delivery

Up-regulation of 
Adhesion Molecules

Localised Neutrophil adhesion
and recruitment recruitment

Protease release

Changed microvascular
permeability

Accumulation of tissue
CO2 and lactate
Reduction in pH

Unloading of Soft
Tissues

Reperfusion phase -
Increase in O2 delivery

Increased ATP degradation
Xanthine dehydrogenase to

Xanthine Oxidase

Mechanical Loading of Soft Tissues

Fig. 1.1 Schematic indicating the potential biomarkers to be collected in soft tissues subjected to 
mechanical loading and subsequent unloading (based on [24, 50])

D. Bader and C. Oomens
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A non-invasive method to absorb cytokines and chemokines from the skin sur-
face was described [12], using a commercial product (Sebutape, CuDerm Corp., 
US), a lipophilic polymeric silicone coated film which can extract sebum from the 
skin [13]. These tapes cause minimal stripping of corneocytes or damage to the 
stratum corneum and inflict minimal pain to the subject. This method was employed 
in studies which reported increased levels of Il-1α, IL-1RA and IL-8 released from 
tissue engineered epidermal constructs exposed to mechanical loading (equivalent 
to 150 mmHg for 1 h) [14, 15]. This method was also employed to examine the 
response of forearm skin to mechanical loading [14, 15]. The authors reported an 
up-regulation of Il-1α of tissue loading when compared to unloaded basal values, 
which may persis for up to 24 h after load removal (Fig. 1.2). The ratio values were 
higher than that following tape stripping, a known stimulant for IL-1α release. This 

TS L NL

3.5

3

2.5

2

1.5

IL
-1
α 

ra
tio

 (
-)

1

0.5

0
AL 10AL 20AL 30AL 60AL 120AL 24hAL NL TS

**

**

**
*

n=27 n=16 n=16 n=11 n=11 n=11 n=11 n=16 n=16

Fig. 1.2 Top-Experimental set-up to measure cytokine release from loaded tissues; bottom results 
indicating the ratio of cytokine release from loaded versus unloaded tissue sites immediately 
following loading at a pressure of 10.6 kPa and subsequently at 10–120 min (10AL–120AL) and 
24 h (24 hAL) after loading, adjacent to an unloaded site (NL). TS represent a positive control 
following tape stripping (based on [17])

1 The Potential of Biomarkers in the Early Detection of Pressure Ulcers
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approach was extended to a cohort of patients (n = 36) from three different wards of 
a hospital in the Netherlands. Five of the total number of patients presented with a 
non-blanchable erythema classified as a Category 1 PU.  The findings generally 
revealed higher levels of IL-1α associated with the sacrum compared to the forearm. 
However, close examination of the data for the five patients with Category 1 PUs, 
revealed this elevation to be localised over the ulcer site, with values at a distance of 
100 mm away from the ulcer to be more comparable to the basal values determined 
at the arm (Fig. 1.3). A recent study incorporating Sebutape collection demonstrated 
that the ratio of IL-1α and total protein can be used as a robust measure of the effect 
of shear force on the skin of able-bodied volunteers [16].

The experimental data of cytokine release from the epidermis was examined using 
a mathematical model to predict transport behaviour through the outer layers of the 
skin [17]. The authors highlight that only specific cytokines can be released within a 
practical time frame following loading and suggest that other markers, such as lactate, 
would be required to provide a more complete assessment of soft tissue status.

 Sweat Markers

The sweat glands store molecules reflective of the local state of skin tissues and 
deposit them at the epidermal surface. Sweat analysis has been traditionally used to 
assess subjects with cystic fibrosis. Indeed newborn screening (NBS) for cystic 
fibrosis (CF) is increasingly being implemented in the US, because early detection 
permits access to specialized medical care and improves outcomes. However, the 
diagnosis of CF is not always undemanding and although the sweat chloride test 
remains the gold standard it does not always provide the definitive answer [18]. By 
contrast, very little work has been reported on the analysis of sweat under ischaemic 
conditions. Of the few studies, Van Heyningen and Weiner [19] demonstrated a 
decreased sweat rate following tourniquet application to the arm. They also indicated 
that prolonged arterial occlusion resulted in an increase in both sweat lactate and 

80

70

60

50

40

30

20

10

0
A S A S 10S

IL
-1
α 

(p
g/
µg

 T
P

)
80

70

60

50

40

30

20

10

0

IL
-1
α 

(p
g/
µg

 T
P

)

a b

***
*

Fig. 1.3 Box and Whisper plots of IL-1α normalised to total amounts of protein (TP) at the left 
arm (A) and sacrum (S), and a distance of 10 cm distance from the sacrum. The results are shown 
for (a) patients without a pressure ulcers and (b) for patients with a Category 1 ulcer at the sacrum. 
Wilcoxon signed rank test * p < 0.1, *** p < 0.01 (based on [51])
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urate concentrations. Ferguson-Pell and Hagisawa [20] demonstrated the feasibility 
of measuring analyte concentrations in sweat from the volar arm of the forearm 
using a commercial system (Macroduct, Wetcor Inc., US)) with the sweat induced 
by pilocarpine nitrate and iontophoresis. Elevated levels of lactate were recorded 
during local tissue indentation, which returned to basal levels following load 
removal in a group of able-bodied participants. However the commercial system 
could not be used at a loaded body support interface, as its physical bulk would 
distort the features of that interface.

An alternative approach was adopted by one of the present authors to assess the 
metabolic state of loaded soft tissues. Thermally-induced sweat was collected on a 
small thin piece of filter paper from able-bodied participants tested in a microcli-
mate controlled environment [21, 22]. The authors demonstrated that

• There were different profiles of sweat constituents when the load was applied 
using a uniaxial indenter as opposed to hydrostatic loading via a tourniquet.

• The concentrations of lactate, urea and urate in sweat were all elevated during 
loading periods in association with a reduced sweat rate.

• There was some recovery of sweat constituents to basal levels during the reperfu-
sion phase.

• In debilitated individuals, there was an increased concentration of sweat analytes 
during extended periods of wheelchair sitting [22].

In a separate study the status of loaded tissues was monitored, using a combina-
tion of physical sensors and sweat biomarkers, at the sacrum of able-bodied volun-
teers [4]. A range of parameters was estimated from the separate measurements 
techniques. Results indicated that TCPO2 levels were progressively reduced with 
applied pressures, such that above a threshold value for loaded TCPO2, equivalent to 
a reduction of 60% from unloaded median values, there was an associated increase 
in TcPCO2 values. In addition, above this threshold, there was a significant relation-
ship between this parameter and the loaded/unloaded concentration ratios for sweat 
lactate and urea. These findings strongly infer that such robust parameters could 
prove useful as markers of tissue viability as a direct consequence of tissue 
ischaemia.

It is well established that mechanical-induced ischaemia is followed by a com-
plex biochemical response when the blood supply is re-established and this may 
result in additional injury to the tissue [23]. During ischaemia-reperfusion (I/R), one 
aspect of biochemical changes involves the irreversible degradation of high-energy 
ATP (Fig. 1.1). In addition, an important mechanism is triggered with the influx of 
molecular oxygen during reperfusion, which can lead to the formation of unstable 
and reactive oxygen-derived free radicals, or superoxides [24]. Their presence can 
cause tissue damage by initiating an inflammatory cascade, resulting in microvascu-
lar dysfunction and cell apoptosis. There is considerable evidence in the literature 
that I/R is associated with purine metabolism in particular, some of its terminal 
products, which may directly produce cell injury [25]. Indeed, the appearance of 
purines in body fluids, such as blood and plasma, has been used as evidence of 
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cellular hypoxia [26]. Such purines include allantoin, hypoxanthine, inosine, uric 
acid and xanthine. Accordingly a cohort study was performed on healthy volunteers 
to examine purine levels in sweat [27, 28]. Sweat was collected in five separate 
30 min periods, namely one unloaded period, followed by two loading periods and 
subsequently two reperfusion periods. The results as presented (Fig. 1.4) report the 
median biomarker ratios of loading compared to unloaded values. It can be seen that 
for both first and second ischaemic periods, all biomarker ratios were significantly 
above unity and, in some cases, exceeded a value of 3.0. During the first recovery 
period, the ratio values for xanthine, hypoxanthine and uric acid all remained above 
unity suggesting that the 30 min period was insufficient for adequate recovery from 
the ischaemic insult, although lactate returned to basal levels. It was also noted that 
the high concentrations of uric acid in previously ischaemic tissue implied the for-
mation of other free radicals, which have been implicated in tissue damage [29, 30]. 
This implies that the sweat purines provide additional information on tissue status 
to that available from sweat metabolites such as lactate and urea. During the second 
reperfusion period, the decrease in hypoxanthine ratio to unity may indicate that the 
purine metabolism had effectively returned to basal levels.

It is relevant to note that current literature includes a number of studies incorpo-
rating sweat analysis for a range of applications, each suggesting a promising future 
in metabolomics [31–33]. Sophisticated analytical tools, for example, liquid 
chromatography- mass spectrometry (LC-MS) or high-resolution NMR spectroscopy 
[34], have been shown to identify a selection of analytes from microliter volumes of 
sweat. In a separate study sweat patches were used to non-invasively sample 
cytokines in ambulatory settings over time [35]. These authors described an 
ultrasensitive method which demonstrated that the cytokine concentrations in sweat 
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e.g. Il-1α, IL-1β, Il-8, Il-6 and TNF-α can be correlated with circulating levels in 
plasma.

The potential for biosensors for critical metabolic markers, such as lactate, is now 
becoming a reality [36]. A recent paper described microfluidic models for eccrine 
sweat generation and flow and included a review of blood-to-sweat partition pathways 
in order to explain how biomarker concentrations in sweat changes with flow rate 
[37]. The work revealed that both flow rate and biomarker diffusion determine the 
effective sampling rate of biomarkers at the skin surface. A broad class of biomarkers 
were considered including ions, small molecules e.g. lactate, pyruvate and urea, and 
small proteins including cytokines. The authors champion the use of sweat as a bio-
fluid, which can be continually sampled at low fluid generation rates with no physi-
ological consequences to the individual. Other advantages include the potential of 
incorporating a biosensing system in close proximity with the biofluid as it is created, 
sensing at low sweat rates a wide-range of biomarkers that correlate with blood. 
Sweat sensing also offers the potential of small fluid generation permitting adequate 
time for biomarkers with low membrane permeability to partition into the biofluid.

However, sweat collection and analysis might not prove appropriate for all at risk 
sub-populations. As an example, the sweat glands of some spinal cord injured (SCI) 
individuals are less sensitive regardless of central or exogenous stimulation [38].

 Systemic Markers

A more conventional means of analysing biomarkers involves the collection and 
subsequent analysis of body fluids, such as blood and urine. Indeed a few studies 
have examined the potential of this approach in identifying subjects with pressure 
ulcers. For example, Boonefoy et al. [39] analysed the production of cytokines in 
elderly patients with severe PUs. Findings indicated a significant up-regulation of 
acute-phase protein and IL-6 blood levels, although similar elevations were not 
apparent with IL-1 and TNF serum concentrations. The authors suggested that IL-6 
produced by cells in damaged areas together with cortisol may aggravate malnutrition 
and hypercatabolism in individuals with pressure ulcers.

The susceptibility of subjects with spinal cord injury (SCI) to deep pressure 
ulcers (Categories III/IV or deep tissue injury) have long been recognised due to 
their inherent impaired sensitivity, disuse muscle atrophy and impaired vasculature 
[40, 41]. Accordingly, the prevalence of pressure ulcers in this population has been 
studied frequently to identify risk factors and determine the individual susceptibility 
to PU development [42, 43]. As an example, some researchers postulated that the 
established change in skin resistance to external forces post SCI could be attributed 
to breakdown of the structural protein collagen [44, 45]. They reported increased 
levels of collagen degradation products, hydroxylysine and hydroxyproline, in a 
small group of SCI subjects, suggesting a decreased skin stiffness and strength 
associated with structural damage. This approach on human subjects, dormant for 
over 20  years, was recently re-visited in Eindhoven [46]. The focus was on 
identifying early markers for deep pressure ulcer or deep tissue injury (DTI), with 
the initial damage hidden beneath intact skin. In the study, circulatory levels of 
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biomarkers for muscle damage were investigated. Baseline concentrations of 
creatine kinase (CK), myoglobin (Mb), heart-type fatty acid binding protein 
(H-FABP), and C-reactive protein (CRP) were measured in small groups of 
nondisabled subjects and subjects with SCI, over a period of 5 days (Fig. 1.5). Each 
subject exhibited a unique concentration profile for each of the markers, although 
some correlations were evident, for example, there was a positive correlation 
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between CK and H-FABP and Mb and H-FABP for both SCI and control subject 
groups. There was also a trend toward higher CRP levels in the SCI subjects, 
although the differences were not statistically significant (p > 0.05). Furthermore, 
the only SCI subject with a Category II pressure ulcer exhibited higher H-FABP and 
CRP concentrations than all other subjects. Because the variations in each of the 
marker concentrations were smaller than the predicted increases after PUs, this 
combination of plasma markers may prove appropriate for the early detection of 
deep pressure ulcers.

 Microdialysis

To interrogate the internal state of the tissues, a minimally invasive technique, 
microdialysis, has been used. It represents a diffusion-based separation method that 
allows water-soluble analytes within the extracellular space to freely diffuse across 
a hollow fibre semi-permeable dialysis membrane (Fig.  1.6). This minimally 
invasive sampling technique was initially adopted in neuroscience to quantify 
chemicals related to neurotransmitters and energy utilization in the brain, but has 
been subsequently used for in vivo biochemical collection from fluid perfused 
through a range of tissues, including skin, tendon, muscle and gastrointestinal tract.

= solute

Diffusion of solutes into the perfusate

Application site

Dialysate

Dermis

Stratum Corneum
Viable Epidermis

MembranePerfusate

Microdialysis pump

Linear Microdialysis

Fig. 1.6 Top, schematic indicating the principles of the microdialysis technique and Bottom, 
images of its application at the forearm
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As an example, it was employed to examine the temporal and spatial generation 
of cytokines in allergen-induced responses in human skin [47]. The study, involving 
a cohort of normotensive volunteers, employed multiplex cytokine array assays to 
distinguish the temporal and spatial profiles for skin-based proteins following both 
wounding and the development of allergenic inflammation. Results indicated an up- 
regulation of IL-1α, IL-6 and IL-8 evident up to 6 h of sampling, whereas TNFα and 
other cytokines remained close to baseline at all times. However, it is clear that the 
tissue perturbation caused by the insertion of the catheter might itself influence the 
release of chemokines and cytokines [48]. Therefore the use of adequate controls 
are critical with this technique. In a current study, the authors have indicated that the 
diffusion of the analytes into the hollow fibres is not affected by external pressures 
applied to the skin of the forearm Accordingly, our research is focused on comparing 
the cytokine release in three phases, unloaded, loaded and reperfusion periods, with 
a view to identifying the altered profiles resulting from mechanical loading.

 Final Comments

In many situations of daily living, such as lying in bed and prolonged sitting, the 
skin is exposed to applied pressures, which will inevitably deform the soft tissue 
composite over bony prominences establishing an internal mechanical state. In 
some cases this results in tissue breakdown leading to the development of 
pressure ulcers. However the relationship between the measured interface or 
external pressures and the internal interstitial stresses/strains within the tissues is 
necessarily complex in nature. Thus the potential to interrogate the biochemical 
milieu of these internal tissues could provide an indication of their status, prior 
to their gross breakdown. There are a number of biofluids which can be collected 
directly at the skin surface or systemically in blood or urine, which contain 
concentrations of selected biomarkers indicative of early damage to skin and 
underlying soft tissues. Previous studies on both healthy volunteers and 
individuals at risk of developing PUs, have demonstrated the potential of some 
biomarkers, for example, sweat lactate, the pro- inflammatory cytokine, IL-1α 
and CRP levels in blood. However, certain technical limitations remain before 
appropriate robust biosensors could be incorporated into a routine screening 
protocols to be used in conjunction with traditional risk assessment scales to 
assess vulnerable patients in hospital and the community. Current limitations 
include limited sample volumes, low concentration levels, particularly for 
cytokines and the temporal profiles and interaction of the biomarkers, each of 
which could be overcome with current analytical tools, sensing technologies and 
well designed test protocols. Moreover, micro-dialysis might prove valuable as a 
“gold standard” against which simple “paper-based” systems could be evaluated 
as point-of-care diagnostic sensors [49]. These system could incorporate micro- 
fluidics to improve the spatial and temporal profiles of the sampling method. 
Ultimately an ideal indicator of PU risk will carry information about the condition 
of the cells as a direct representation of the integrity of skin, fat and muscle 
tissues in both loaded and unloaded conditions.
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 Introduction

Pressure ulcers (PUs) are known to develop when soft weight-bearing tissues are 
subjected to sustained increased deformations, usually between a bony prominence 
and an external support surface [1–3]. PUs are commonly staged with respect to the 
depth on the ulcer and the tissues it involves, with the most severe ulcers, which 
involve muscle and bone tissues, termed deep tissue injuries (DTI). A number of 
contributing or confounding factors, such as impaired mobility and sensory capaci-
ties, alterations in skin status and moisture, poor nutrition and impaired perfusion, 
are also associated with PU development [2, 4]. Hence, populations at risk are the 
elderly and frail, patients post spinal cord injury (SCI), brain trauma or stroke, 
patients with impaired mobility or sensory capacities, or even patients who undergo 
prolonged surgery, as these individuals are more likely to spend prolonged periods 
in a static position, and are also less like to readily detect the risk [2]. The preva-
lence of PUs in the acute, critical and pediatric care settings can be as high as 46%, 
45.5% and 72.5%, respectively, while the incidence of PUs in the aged care settings 
can be as high as 59% [5]. The most prevalent locations for PU development are the 
sacrum (28.3%), buttocks (17.2%) and heels (23.6%) [6], which are associated with 
both prolonged sitting and supine lying. The average monthly cost per such case, 
e.g. to the Canadian healthcare system, was reported to be $4745 [7]. The total cost 
to manage a single full-thickness PU in the United States can be as high as $70,000, 
and PU annual treatment costs to the US healthcare system are estimated to be 11 
billion dollars [8]. Many studies have documented the increased morbidity and 
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mortality associated with PUs in both community and hospital settings, as well as 
their significant contribution to healthcare costs and lengths of hospital stay [9].

There is evidence in the literature that PUs and PU interventions have a signifi-
cant impact on health-related quality of life and inflict substantial burden on patients 
[10]. Reported that the majority of patients indicated that suffering PUs affected 
their lives emotionally, mentally, physically and socially [11]. While the most com-
mon complaint is the pain, patients also express their discomfort with the appear-
ance, smell and fluid leakage from the ulcer. PU patients are often dependent on 
others to manage and care for their ulcer and describe their discomfort with the 
dressing materials and pressure-relieving equipment [11]. Since treatment of PUs is 
medically challenging, costly, and very unpleasant for sufferers, efforts are put 
towards risk assessment and prevention strategies [2], which in turn, depends on 
thorough understanding of the aetiology.

 Pressure Ulcers in the Spinal Cord Injury Population

Sitting-acquired PUs are common in individuals who chronically depend on a 
wheelchair for mobility, such as those with a SCI. These patients spend up to 
18  h a day in a wheelchair and often suffer from impaired sensation in their 
buttocks, preventing them from detecting the risk in a timely manner. In fact, in 
Europe as well as in the U.S., at least one in every four persons with SCI is 
affected by PUs, with the most common site being under or around the ischial 
tuberosities (ITs) [12, 13].

In the weeks and months following the acute injury, disuse-related pathoana-
tomical and pathophysiological changes occur in the buttocks, as tissues adapt to 
the chronic sitting and inactivity of muscular innervations. Perhaps the most docu-
mented is the disuse-induced muscular atrophy (MA), which includes massive loss 
of muscle volume [14], thinning of muscle fibers, and increased numbers of fast- 
twitch over slow-twitch fibers. The MA onsets as early as 4–6 weeks after the acute 
injury, and progresses at a noticeable rate for at least several months, after which the 
rate of muscle wasting tends to slow down, but the absolute tissue loss persists 
[15–17]. High levels of intramuscular fat infiltration (FI) are also prevalent after a 
SCI. Intramuscular adipose depots can be found in able-bodied individuals as well, 
however, while the normal intramuscular FI level is 1–2% of the total body fat [18], 
FI levels post SCI can be up to 4-times greater than that. The chronic sitting and 
disuse also affect the weight-bearing bony structures. Specifically, substantial bone 
loss has been described in a number of cross-sectional studies, with the time course 
of bone loss depending on the bone compartment. Rapid loss of trabecular bone 
may level off 1–3  years post injury, while slower cortical bone loss appear to 
decrease progressively beyond 10 years post injury [19]. Furthermore, bone shape 
adaptation (BA), namely flattening of the tips of the ITs in response to the sustained 
sitting loads has been reported in the literature [20–22]. These phenomena are likely 
to affect the risk of PUs in SCI patients. As the alterations of the weight-bearing 
structures occur, the internal loading states in the tissues are affected.
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Furthermore, initial weight-loss followed by considerable weight-gain are very 
common in the few months and years following a SCI. Specifically, there is ten-
dency for an initial weight-loss of 5.3–9.1 kg at the short term (within weeks) after 
the acute injury, which is followed by a major weight-gain of 1.3–1.8 kg per week 
during the rehabilitation phase [23, 24]. The decrease and increase in the body-
weight are due to a hypercatabolic ‘shock’ response and a lower-level of physical 
activity, respectively [25].

In addition, one may consider a patient who already had PUs in the past, which 
healed but left scars in the skin, fat and/or muscle tissues, and hence the mechanical 
properties of these soft tissues of the buttocks are locally abnormal and inhomoge-
neous, which in turn affects internal tissue loads in the scars and also in adjacent, 
non-scarred tissues.

 Computational Modeling for Studying the Efficacy of Wheelchair 
Cushions

The finite element (FE) method is a computational technique for finding the internal 
mechanical loads, (deformations, strains and stresses) in structures having complex 
shapes and multiple materials. In practice, the complex geometry of the structure is 
divided into numerous small elements  – each with a simple geometry (such as 
pyramids), and the differential governing equations that describe the mechanical 
interactions are solved numerically for every element with respect to its neighboring 
elements, in order to ultimately construct the solution to the entire structure.

In order to examine the effects of (age-related) skin stiffness, soft tissue scarring, 
bone shape-adaptation, MA, FI and changes in BMI post a SCI, on the mechanical 
loads developing in the soft tissues of the buttocks of a SCI patient, 54 model variants 
of the seated buttocks were developed [26–29] (Fig. 2.1). Each model variant included 
the ischial tuberosities (ITs), the gluteus maximus skeletal muscles and the colon 
smooth muscle, subcutaneous fat tissue, skin and either a flat foam cushion, a 
contoured foam cushion (CFC) or an air-cell-based (ACB) cushion for support. The 
model variants differed in support structure and stiffness properties, IT anatomy, fat 
and muscle volume and structure and soft tissue global stiffness or local scarring. 
Each of the model variants was based on a single, coronal MRI slice through the 
buttocks, acquired from a male subject 1 year after a SCI (age 21 years, weight 90 kg) 
who was scanned in an open MRI, sitting on a rubber tire (non-weight- bearing) and 
then fully weight-bearing on a semi-rigid flat support in our previous work [22] 
(Fig. 2.1). To generate the reference anatomical model, the non-weight- bearing MRI 
slice was loaded to the ScanIP® module of Simpleware® [30], where it was 
automatically segmented to the different tissue components listed above and then 
uniformly extruded to a 4-mm depth, representing the MRI resolution in the Z-axis. 
Mechanical properties of all tissues were adopted from the literature [26–29].

Next, we artificially introduced pathoanatomical variations and different sup-
ports to form the different model variants (Fig. 2.1). First, we investigated how thin, 
flat or hypertrophic scars in the skin affect the developing soft tissues shear loads 
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during sitting-down on flat foam cushions with different stiffness properties, in 
‘young’ or ‘aged’ skin conditions [26]. Adding these skin scars into the model 
allowed investigations of how shear loading may develop when the skin is 

ITs

Muscles

Fat

Skin

Reference SCI anatomy

MA

HSC

HG

Flat foam cushion
CFC ACB

cushion

Fig. 2.1 Computational (finite element) modeling of the buttocks of an individual with a spinal cord 
injury (SCI): (a) Anatomical components of the model variants, as seen in the MRI slice. (b) Three-
dimensional mesh of the reference anatomy and three of the considered pathoanatomical variations, 
for example: (1) HG hourglass-shaped scar in the muscle, fat and skin tissues, (2) MA muscular 
atrophy, (3) HSC hypertrophic skin scar. (c) General loading configurations of the buttocks when 
seated on a flat foam cushion, a contoured foam cushion (CFC) or an air-cell-based (ACB) cushion
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supposedly more fragile or already locally damaged. Next, we examined how BA, 
MA, muscle spasms or a combination of the above, affect peak soft tissue stresses 
when seated on two flat foam cushions or an ACB cushion [27]. The geometry of the 
ACB cushion was based on a 4-mm slice through the pre-inflated air cells and its 
mechanical properties were evaluated using a simple buckling experiment detailed 
in [27]. Then, we looked into how muscle, fat and skin tissue scarring in a patient 
with a history of PUs in their buttocks, affect the resulting mechanical stresses in 
these soft tissues during sitting on the aforementioned ACB cushion [28]. We 
introduced ten scars of different shapes and dimensions to the model variants, 
corresponding to the modeling work of Sopher et  al. [31], to describe cases of 
patients who already suffered PUs in their buttocks, which healed but left scars in 
their soft tissues. Finally, we explored how changes in BMI, intramuscular FI, MA 
and combinations of these conditions, affect the internal soft tissue loads in the 
buttocks of SCI patients, while sitting on a CFC, which has been fitted close to the 
time of the injury but has not been replaced in subsequent years [29].

Loading configurations were chosen to simulate descent of the ITs downwards, 
as these bones transfer a portion of the bodyweight to the overlying soft tissues dur-
ing sitting. When tested on flat foam cushions or the CFC, uniform pressure was 
applied downwards on the top of the ITs with its magnitude calibrated by fitting the 
resulting vertical displacement of the ITs in preliminary analyses to the empirical 
descent of the ITs which was measured by comparing the non-weight-bearing and 
weight-bearing MRI scans [22]. When tested on the ACB cushion, a downwards 
displacement was prescribed on the superior surface of the IT so that the final dis-
tance between the skin and the base of the ACB cushion (the clearance above 
“bottom- out”) was 32  mm, slightly above the 1-inch distance recommended for 
keeping away from bottoming-out [32]. The front and back planes of the buttocks 
and cushions were fixed in the perpendicular direction to assure thin slice model 
conditions. The inferior surface of the cushion was fixed for all translations and 
rotations, and tied interfaces were defined between all the tissue components. 
Frictional sliding was defined between the skin and the cushions with the coefficient 
of friction set to 0.4 in all simulations.

Meshing the model variants was performed using ScanIP® module of Simpleware® 
[30], with specific refinements to the skin and to the muscle and fat tissues near the 
tip of the ITs. Tetrahedral elements were assigned to the tissues, CFC and ACB 
cushion while hexahedral elements were assigned to the flat foam cushions. The FE 
simulations were all set up using PreView of FEBio, analyzed using the Pardiso 
linear solver of FEBio in its structural mechanics mode, and post-processed using 
PostView of FEBio [33].

 Critical Characteristics of Effective Wheelchair Cushion Designs

Now that the etiology of PUs is better understood, the pathoanatomical variations in 
individuals have been considered, and the aforementioned computer simulation tools are 
available, five key characteristics of effective wheelchair cushion designs can be 
identified.

2 The Critical Characteristics of a Good Wheelchair Cushion

veras@usp.br



22

 Immersion and Envelopment

The basic elements that, in combination, represent the potential cushioning perfor-
mance of a cushion are immersion (the depth that a body penetrates into the surface), 
and envelopment (the intimacy of the cushion to the body). The ISO defines the char-
acteristic of envelopment as “the ability of a cushion to conform, so to fit or mould 
around the irregular shape of the body” [34]. The importance of these characteristics 
are articulated by the ISO wheelchair cushion testing standards committee in the intro-
duction of the Wheelchair Seating—Part 12: Envelopment testing technical specifica-
tion, which provides detail of test equipment and method, for the measurement of 
“performance” of a wheelchair cushion intended to use immersion and envelopment to 
reduce local areas of pressure (by effectively supporting more tissue) [35].

In our biomechanical analysis, in order to quantify the extent of immersion and 
envelopment of the buttocks into the cushions a parameter α was defined, being the 
percentage of skin area that is in full contact with the cushion surface [27]. Stress 
concentrations formed in the gluteus muscle near the tip of the IT in both ACB and 
foam cushion simulations, but immersion was considerably greater in the case of an 
ACB cushion. Accordingly, α for the ACB cushion increased up to 91–93%, but only 
reached 58–65% for the foams. Consistent with the superior fit of the ACB cushion 
to the body contours, peak stress components in all tissues were four- orders- of-
magnitude lower with the ACB cushion, with respect to the foams. We attribute this 
advantage of the ACB cushion in lowering peak tissue stresses to the substantially 
greater buttocks immersion it facilitates, which creates a much larger contact area for 
load transfer. As the contact area between the cushion and the skin increases, loads 
are transferred more uniformly, minimizing potentially hazardous areas of stress 
concentrations. Since sustained tissue loads imply safe sitting time for wheelchair 
users, as suggested in [36, 37], it appears that ACB cushions hold a benefit over foam 
cushions by providing greater immersion, which lowers internal tissue loads.

When we looked at the process of weight regaining on flat foam cushions, for 
example after completing a pushup, we found that skin shear loads exhibited a 
strongly non-linear increase, with a greater slope during the first half of the loading 
period, while fat shear loads increased linearly through the entire time course of 
loading [26]. This finding suggests that when sitting on standard foam cushions, the 
more sensitive period with respect to skin integrity is during initial skin-support 
contact. Since the skin-support contact area during the initial contact is relatively 
small, loads are temporarily more concentrated than when reaching full weight 
bearing. This phenomenon emphasizes the importance of large contact area for load 
transfer, as reflected in appropriate immersion and envelopment of the buttocks 
during sitting.

 Adjustability to the Uniqueness of the Individual,  
at the Initial Fitting

Each and every user of a wheelchair cushion has morphologies, pathologies, and 
risks of tissue breakdown that are unique to them. While not all of the risks can be 
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reduced, the cushion plays an important role in preventing PUs by having the 
capability of intimately adjusting to the individual, to achieve the desired immersion 
and envelopment to minimize the deformation that leads to internal tissue stresses 
and strains.

In our analysis, we introduced several particular risks, the first being the risk 
from previous PUs and the resulting scars. Investigating the influence of soft 
tissue scarring on peak tissue stresses during sitting or repositioning on flat foam 
cushions revealed that skin shear stresses increase in and around the (less 
deformable) scar. Importantly, the extent of the increase in loads within and 
adjacent to the scars strongly depended on the scar geometry, with the highest 
skin loads developed when a hypertrophic scar was present. This indicates that 
when sitting on a flat foam cushion, scarred skin is more vulnerable to a second 
breakdown event, especially if a thick (hypertrophic) scar has formed, which 
delineates new implications for the treatment of existing wounds to minimize 
hypertrophic scarring, and for risk assessment of individuals with a history of 
PUs [26]. Interestingly, when seated on an ACB cushion, soft tissue scarring 
induced, in general, lower peak stress values in the soft tissues of the buttocks 
with respect to the stress levels in the (non-scarred) reference case [28]. Peak 
effective and shear stresses in the skin decreased by up to 40% in all the simulated 
scar cases, while peak compressive and tensile stresses decreased by up to 41% 
in 8 out of 10 simulated scar cases. Likewise, peak stresses in fat tissue of scarred 
buttocks decreased on the ACB cushion with respect to the reference case by 
40–65%, while gluteus muscle peak effective and shear stresses decreased by 
10–45% in 9 of the 10 scars simulated. Furthermore, we tested the most severe 
soft tissue scar cases on a flat foam cushion, for direct comparison. We found that 
on a flat foam cushion, severe hour-glass shaped scar, involving muscle fat and 
skin tissues, causes an average increase of 155% and 70% in peak fat and muscle 
stresses, respectively, when compared against the reference, non-scarred, SCI 
anatomy on the same flat foam cushion. We concluded that the adjustability of 
the ACB cushion allows for improved stress distributions in the soft tissues of the 
buttocks, in the presence of scarred, stiffer tissue areas, compared to flat foam 
cushions.

We also considered the specific effects of bone adaptation (BA), muscle atro-
phy (MA), muscle spasms, and since an individual may experience all of these 
effects, the combination of all of the above were considered [27]. Sitting on the 
ACB cushion resulted in a substantially different loading state in the buttocks 
tissues with respect to flat foam cushions when all of these potential conditions 
were considered. Specifically, while BA increased peak stresses in muscles 
when seated on foams (8% increase in effective stress), the ACB cushion con-
sistently promoted the opposite effect (41% decrease in effective stress). 
Likewise, though MA increased fat and skin effective stresses when sitting on 
the foams (by 57% and 37%, respectively), the ACB cushion was again able to 
reduce these stresses (by 60% and 23%, respectively) [27]. Therefore, the ACB 
cushion holds an additional advantage over foams when it comes to coping with 
and adjusting to the aforementioned chronic SCI pathoanatomies.
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 Adaptability to Movement and Activities of the Individual 
Throughout the Day

Our recent research [27] has demonstrated that a critical characteristic of effective 
wheelchair cushions is their ability to adjust to the body by providing adequate 
immersion and envelopment, which can greatly reduce tissue deformations, thereby 
preventing the tissue and cell damage associated with DTI.  In Gefen [38], the 
remarkable disuse-related physiological changes that occur to the seated body over 
time have been reviewed [38]. Both papers point to a critical need for cushions to 
adjust to the body of the individual, both at the initial seating assessment as well as 
when changes occur over time. There exists another critical characteristic of wheel-
chair cushions however; the ability to adapt to changes in positioning associated 
with daily living, without the user having to actively adjust the cushion. While many 
cushions meet the first three characteristics we have described, there are very few 
which can also adapt to these activities of daily living without a conscious, active 
intervention by the individual. An example focusing on footwear follows. We stud-
ied two cushion technologies and five cushion variations. All cushions were code- 
verified in the US Medicare system as “adjustable skin protection cushions” and 
adjusted per manufacturer’s recommendations. Refinements were made using an 
XSensor pressure mapping system as in rehabilitation clinics, to achieve maximum 
contact area and minimize peak pressures (Fig. 2.2). A test subjects wearing tennis 
shoes was asked to sit in a Tilt-in-Space Chair set to 0°, 30° and 45° (without further 
adjustments to the cushions) and pressure maps were recorded. The footwear was 
then changed to four” high heels and data collection was repeated (Fig. 2.2). While 
inherent differences were observed across product performances, we found that in 
some products, changing the shoe type had a dramatic influence on peak pressures 
and contact areas for all postures. Measures of cushion efficacy in protecting users 
must suitably assess the way the cushion performs as the user’s body and function 
change over long times. Equally important however, is the cushion’s ability to auto-
matically adapt to changes in the user’s sitting position throughout the day, which is 
influenced by numerous factors, including the wardrobe as shown here. It is unreal-
istic to expect that users would manually adjust their cushion each time they change 
clothes or perform an activity, so the self-accommodation of these common changes 
in positioning, and even wardrobe, is a critical characteristic of a good wheelchair 
cushion.

 Adjustability to the Individual, Throughout the Subsequent 
Weeks, Months, and Years

Numerous wheelchair cushions are sufficiently adjustable to meet the needs of the 
individual, initially, to immerse and envelop the body. However, while many cush-
ion succeed in this aspect, not all of them have the capability of accommodating all 
of the changes that may occur to the body during the useful life of the cushion. In 
our analysis, when simulating bodyweight changes which are typical to the first 
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months and years after the acute injury (between −25% and + 40% fat mass) on 
CFCs, we found that effective and shear strains and stresses increased considerably 
with the chronological time-course of disuse [29]. For example, the peaks and 
respective ranges of effective and shear strains which developed in fat tissue 
increased by ~220% and 110%, respectively, in the model variant where the fat 
mass was increased by 40%, with respect to the ‘ideal fit’ reference model. In addi-
tion to that, the inhomogeneity in the strain and stress distributions in muscle tissue 
also increased with the simulated time-course post injury, resulting in greater strain 
and stress values in the model variants where the fat mass was increased [29]. FI and 
MA exacerbated the inhomogeneity of strain and stress distributions in both fat and 
muscle tissues and resulted in increased strain and stress values, particularly when 
severe weight-gain (additional 40% fat) was considered as well. For example, the 
peak effective and shear strains which developed in muscle tissue when a combina-
tion of severe weight-gain and severe FI was simulated increased to 24% and 15%, 
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Fig. 2.2 Contact pressure maps of a test subject sitting on an air-cell-based (ACB) cushion, wear-
ing either tennis shoes or four” heels, in a Tilt-in-Space chair set to 0°, 30° and 45°. This is one 
example of a superior performance of the ACB cushion technology, as it automatically adapts to 
changes in the user’s sitting position and is negligibly affected by wardrobe, both in a constricted 
airflow configuration (Locked) and in a free airflow configuration (Unlocked)
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respectively, compared to strain values of 11% and 6% in the ‘ideal fit’ case. 
Combining these, we found that a CFC which has been fitted at a time close to the 
SCI but has not been replaced for several years thereafter substantially loses its 
efficacy in protecting patients from developing PUs, particularly DTIs, since shear 
loads and deformations are increasing internally in the soft tissues as the body 
responds to the chronic sitting and disuse [29]. Considering that within several 
months, at the latest, a SCI patient is expected to gain bodyweight and additional fat 
mass, extra-muscularly and intramuscularly, lose gluteal muscle mass and experi-
ence flattening of the ITs due to BA, the individual’s anatomy is, in fact, changing 
progressively and remarkably, but the CFC does not. As these changes take place 
and progress over time, the cushion’s contoured design quickly becomes irrelevant 
to the altered anatomy, both in terms of the adapted external buttock surfaces and 
the internal pathoanatomy, which can place patients at a considerable risk for PUs 
and DTI. Therefore, our simulations results highlights the importance of sufficient 
‘adjustability’ over time, to maintain ideal immersion and envelopment, as a critical 
design feature for any cushion that is meant to protect against PUs.

 Durability, Over Time, Throughout the Weeks, Months, and Years

We have demonstrated the need of the cushion to adapt to the individual over time 
to maximize immersion and envelopment; however, in order to maintain the level 
of efficacy, the cushion must not only be adjustable, but also durable. Recently, 
Sprigle and Delaune [39] published their research comparing the performances of 
foam cushions, gel-filled cushions, and air cushions [39]. Their testing revealed 
that foam cushions have a much higher prevalence of fatigue, as compared to air-
filled cushions and gel-filled cushions. Twenty-one percent of foam cushions, 20% 
of gel- filled cushions, and 16% of air-filled cushions showed visible damage 
throughout the duration of the study. Furthermore, they showed that foam cushions 
used 12 h per day for longer than a year were 7 times more likely to have tears, 2.23 
times more likely to be discolored, and 3 times more likely to show brittleness than 
those foam cushions used for under 12 months. In Ferguson-Pell [40], the fact that 
foam cushions deteriorate with time, even when they are not being used, is 
highlighted [40]. This deterioration is caused by the brittleness of the polymer 
matrix, leading to fractures and softening of the product. Soiling and liquid 
products will further break down the foam, as they are particularly susceptible to 
moisture. The longer the foam cushion is in use, the greater and the faster the 
damage will progress. Gel cushions also show age, often times developing hard or 
consolidated regions that need to be kneaded to break up and to help prolong the 
lifespan of the product.

The ISO wheelchair seating working group (ISO/TC 173/SC 1/WG11) has rec-
ognized the importance of performing bench testing of wheelchair cushions, while 
simulating aging of the products, to capture the deterioration in efficacy [34]. The 
standard ISO 16840–6 “Wheelchair Seating—Part 6; Determination of the changes 
in properties following simulated extended use—seat cushions” introduces this 
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critical need to evaluate cushion performance over time [41]. First, the cushion is 
tested to characterize the properties of a new cushion, then it is subjected to multiple 
simulated aging processes, and finally re-tested to characterize the changes in prop-
erties. The suggested aging processes include thermal accelerated aging, bacterial, 
urinary and faecal soiling, disinfection, laundering, and ultraviolet and ozone expo-
sure, all of which can be expected during the life of the cushion.

 The Impact of Research on Industry, Regulation 
and Reimbursement Policies

Science and public policy are in a virtual “tug-o-war” regarding beneficiary access 
to the goods and services that address their needs. When credible science exists then 
policy makers are compelled to take notice and will find it difficult to ignore in 
establishing coverage and payment policies. However, when scientific knowledge is 
insufficient, and this may still be the case in PU prevention and treatment research, 
policymakers are prone to establishing coverage and payment rules that primarily 
focus on financial objectives, or are biased towards broad characterization and com-
moditizing of medical equipment, with less attention to ensuring that products are 
indeed capable of meeting the individual’s medical needs. The problems that this 
creates are exacerbated by the fact that health care policies, coverage and payment 
are often being compartmentalized by care settings with no consideration of the 
individual’s care and treatment throughout the continuum of care. Over time, this 
may actually increase the overall costs to the individual and the healthcare system, 
as the individual’s needs are unmet and further damage occurs. For example, if cer-
tain wheelchair cushions that are prescribed and reimbursed for prevention or care 
of PUs do not actually provide the intended benefits to the individual (though policy 
makers assumed they would, due to a gap in understanding), the prevalence and 
incidence of PUs in the wheelchair user population will actually rise, thus pushing 
the healthcare costs upwards.

Initial steps in bridging this gap were taken in the early 2000s in the US, when the 
Medicare system adopted a method of evaluating the depth of supported immersion 
a cushion which is considered a “skin protection cushion” could provide, specifically 
HCPCS (Healthcare Common Procedure Coding System) codes E2603, E2604 
(“nonadjustable skin protection seat cushions”), and E2622, E2623 (“adjustable skin 
protection seat cushions”). An analog of the pelvis, proposed by Springle et al. [42], 
was developed for bench testing, constructed of two inner cylinders, which represent 
the position of the ischial tuberosities, and two outer cylinders, 40 mm higher, which 
represent the relative positions of the greater trochanters [42] (Fig.  2.3). The test 
method of using a loaded contour jig is required by the Durable Medical Equipment 
Pricing Data Analysis and Coding (DME PDAC), a Medicare contractor who evalu-
ates cushions and classifies them by Medicare HCPCS codes (https://www.dmepdac.
com/).This coding determines which cushions can be prescribed to individuals, with 
costs reimbursed by the Medicare system. It is therefore a critical function intended 
to ensure patient access to appropriate medical equipment.
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The loaded contour test does provide a rudimentary method of evaluating 
whether a cushion may have the depth capacity to accommodate the immersion of 
the pelvis in a standard and overload condition, and it does serve as a simple thresh-
old that can eliminate cushions from making a skin protection claim if they do not 
pass this test. However, a cushion could easily be designed for the sole purpose of 
passing this specific test, without providing clinical benefit. Additionally, the stan-
dard requires the cushion to be re-tested after simulated aging of 18 months, but no 
simulated aging techniques are recommended. With the publication of ISO 16840–
6, the hope is that this new wheelchair cushion aging standard will be adopted by 
the Medicare system in part or in whole to provide definition of how the cushions 
should be aged. Furthermore, the term “adjustable” is applied to the cushion codes 
E2622 and E2623, which must meet all of the requirements of the non-adjustable 
cushions.

 Summary and Conclusions

There is a growing understanding that appropriate immersion and envelopment 
of the body into a wheelchair cushion are key factors in protecting patients 
against sitting acquired PUs, as they allow for improved dissipation of soft 
tissue loads and deformations. A good wheelchair cushion should first be 
capable of accommodating the seated buttocks, providing the adequate 
immersion and envelopment of the seated individual, during the initial seating 
assessment. This feature was acknowledged when the Medicare system adopted 
a method of evaluating the depth of supported immersion a cushion provides to 
determine whether it should be classified as a “skin protection cushion”. A good 
wheelchair cushion should be able to conform to individuals with different 
anatomies, or sometimes disuse-related pathoanatomies, and offer the optimal 
biomechanical conditions in the soft weight-bearing tissues of the buttocks. 
Then, the cushion should be able to maintain its efficacy over the time of 

Fig. 2.3 An analog of the pelvis, proposed by Springle et al. [42], constructed of two inner cylin-
ders, which represent the position of the ischial tuberosities, and two outer cylinders, 40  mm 
higher, which represent the relative positions of the greater trochanters
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intended use. It should also be able to accommodate changes in posture and 
weight shifts associated with daily living, and conform to the remarkable disuse- 
related anatomical and physiological changes, which are expected in the months 
and years following a SCI. Furthermore, the cushion should maintain its physical 
and mechanical properties as well as its performance over time and despite 
exposure to various degenerating conditions, which can be expected during the 
life of the cushion.

In this chapter, we demonstrate the novel use of FE computational modeling in 
wheelchair cushion assessment and its ability to isolate different risk factors associ-
ated with either the cushion or the individual. Given the advances in understanding 
that tissue deformation is a key contributor to DTI and PUs, and the availability of 
new tools to assess relative protection against deformation through immersion and 
envelopment, during everyday life, over time as the individual changes, and over 
time as the cushion changes, there is a considerable gap between public policy and 
the tests which are currently applied to evaluate the efficacy of cushions, and the 
challenges and measures that should be applied.
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 Introduction

According to Lasts’ Dictionary of Epidemiology, “Epidemiology is the study of the 
distribution and determinants of health-related states or events in specified popula-
tions and the application of this study to control health problems” [1]. Thus, the 
epidemiology of pressure ulcers (PUs) describes the frequencies and characteristics 
of individuals with PUs in specified populations in order to control this skin and 
tissue disease. The frequency of PUs can described using the two broad concepts 
prevalence and incidence. Table 3.1 contains commonly used mathematical expres-
sions and descriptions to estimate PU frequencies.

Each of the mathematical expressions has its use in PU epidemiology for differ-
ent purposes [2, 3]. The basic meaning of PU prevalence is that it describes the 
‘load’ or burden of this disease in a population or setting. In contrast a rate is a 
measure of acceleration and usually expressed as PU incidence. The purpose of 
incidence is to determine the speed of a spread of the disease and to determine the 
risk. Finally a ratio—similar to a proportion—might be used to describe the extend 
of a problem—but more often it is used to describe the odds which is a description 
of the chance of having a PU. Finally, the ratio of two odds is commonly used to 
determine the strength of the association of a exposure/risk factor (odds-ratio) or 
even more competing exposures/risk factors (e.g., standardized β coefficients in 
logistic regression models) in PU analytic epidemiology.
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 Numerators and Denominators

There are different types and definitions of prevalence, incidence and odds in PU 
epidemiology. Most of them can be distinguished according to (1) the definition of 
the cases in the numerator and (2) the definition of specified populations (cases and 
non-cases) in the denominator. Following examples illustrate example definitions of 
numerators:

• All individuals who have at least one PU: This can be regarded as a basic or 
‘standard’ numerator, often used in the calculation of a ‘crude’ or ‘overall’ preva-
lence. For example Galvan—Martinez et al. reported in their study in three sec-
ond-level hospitals in Mexico: “The overall prevalence of the PU was 17%” [4]. 
McDermott-Scales et al. reported “a crude prevalence rate of 15.6% for wounds 
across nursing disciplines” in a community care setting in Ireland [5].

• All individuals who have at least one PU category II or higher. This avoids pos-
sible misclassifications and measurement errors of category I PUs, which are 
very common (e.g., [6, 7]). For example Schoonhoven et al. used PU category II 
or higher in their study about prevalence and incidence in hospitalized Dutch 
patients and found that “…prevalence varied between 12.8% and 20.3%” [8].

• All individuals who have acquired a PU in a facility: Depending on what kind of 
facility has been studied, this ‘facility acquired PU’ (FAPU) has been also 
referred as ‘hospital-acquired PU’ (HAPU) or ‘ward acquired PU’ (WAPU). To 
determine this with a minimum risk of bias, correct documentation is essential. 
When evaluating PU risk effectiveness measuring FAPU prevalence should be 
preferred but PU incidence is even more suitable in the context of quality evalu-
ation [3]. Gunningberg and colleagues found in their study in five Swedish hos-
pitals: “The prevalence of ulcers was 14.9% and 11.6% were HAPU” [9]. “The 
ward-acquired pressure ulcer rate in general hospital wards was 3.9% (1.5% 
excluding grade 1). In intensive care, the rate was 14.9% (8.5% excluding grade 
1) in a study of 32.400 hospital patients in Germany [10]. Vangilder et al. reported 
in a large US study: “Overall prevalence rates were highest in long-term acute 
care (22%). FA (“facility-acquired”) rates were highest in adult intensive care 
units (ICUs) and ranged from 9.2% (general cardiac care unit [CCU]) to 12.1% 
(medical ICU)” [11].

Table 3.1 Frequency descriptions of pressure ulcer occurrence

Mathematical 
expression General description Term
Proportion Individuals with pressure ulcer(s)/individuals with pressure 

ulcer(s) + individuals without pressure ulcers
Prevalence

Rate Individuals developing pressure ulcer(s) in a period of time/
individuals who could develop pressure ulcer(s) during a 
period of time

Incidence

Ratio Individuals with pressure ulcer(s)/individuals without pressure 
ulcer(s)

Odds
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• All individuals who have acquired a PU in a specific period of time. This is used 
for the calculation of a period prevalence. Nonnenmacher et al. reported a period 
prevalence of PUs of 1.8% (625 cases) in study in a large German university 
hospital [12].

• All individuals who have a PU at specific body-parts. Depending on the research 
objectives, some PUs have to be excluded from the nominator. For instance in 
order to determine the association between PUs at the trunk Kottner et al. [13] 
excluded PUs occurring at other body areas: “The overall proportion of patients 
with at least one pressure ulcer at the trunk was 2.0% (99% CI 1.8–2.2) for cat-
egory 2 and 0.9% (99% CI 0.8–1.0) for category 3/4 pressure ulcers.” [13]. For 
example if the efficacy of pressure redistribution surfaces have to be evaluated, it 
is obvious that PUs that might have developed by medical devices such as tubes 
in the nose or mouth would have not been prevented by using a mattress. Thus, 
these device-related PUs must be excluded.

• All individuals with an a priori defined degree or level of risk. This has been used 
to enhance the possibility to compare results across settings or institutions and to 
reduce confounding. In epidemiology this is called stratification. For instance 
Schluer et  al. reported in a study in pediatric care, that sixty-five per cent 
(n = 100) of all patients were considered at risk of developing a PU according to 
a cut-off of 20 of the Braden score. Thirty-five per cent of patients in the risk 
group were afflicted with one or more PUs [14]. However, since an a priory defi-
nition will never achieve 100% sensitivity, this procedure harbors the risk that 
individuals who are not at risk but do have a pressure ulcer, will not be consid-
ered in the calculation [15].

Denominators can also be defined in different ways, for example:

• All individuals in the examined setting at a specific moment (point prevalence) 
or during a specific time (period prevalence).

• All individuals with an a priori defined specific degree of risk. This is commonly 
performed by the use of standardized PU risk assessment scales like the Braden, 
Norton, or Waterlow scores. Individuals or patients with a specific condition or 
in a specific care setting. In PU research this is often the case for spinal cord 
injury patients [16], patients undergoing (long) operation theatre procedures, 
geriatric patients [17] or intensive care patients.

Almost all combinations of numerators and denominators are possible. The most 
common prevalence estimates in contemporary PU research are:

 1. Crude/overall (point) prevalence

Crude (point) prevalence (%) = number of all individuals with at least 
one pressure ulcer at a specific point in time/all individuals in the study 
sample (population) at a specific point in time
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 2. Risk group prevalence

 3. Facility-acquired prevalence

The most common PU incidence figures are:

 1. Cumulative incidence

An example of cumulative incidence is given by Nijs et  al. They reported a 
cumulative incidence of 20.1% of pressure ulcers grade 2–4 occurring at least 48 h 
after admission in a long-stay surgical Intensive Care Unit (ICU) population in a 
Belgium university hospital [18].

 2. Incidence density

In comparison to cumulative incidence, incidence density is more precise mea-
sure because it considers the actual time under risk. Dugaret et al. compared both 
rates in 602 patients who were admitted during 2 weeks to an emergency depart-
ment in France. Results showed that the cumulative incidence was 4.9% and the 
incidence density was 5.4 per 1000 patients per hour [19]. To explain the difference 
in both rates the following example is given (Table 3.2). There are two wards ‘A’ and 
‘B’ with ten patients initially without a PU. In this hypothetical example, all patients 

Incidence density = number of individuals developing a pressure ulcer dur-
ing a specific time period/total number of individuals per risk time (e.g. bed 
days) in the study sample/or population over a specific time period

Risk group prevalence (%) = number of all individuals at risk with pres-
sure ulcer at a specific point in time/all individuals at risk in the study 
sample (population) at a specific point in time

Facility-acquired prevalence (%) = number of all individuals who devel-
oped a pressure ulcer in the facility at a specific point in time/all individu-
als in the study population/the facility at a specific point in time

Cumulative incidence (%)  =  number individuals developing pressure 
ulcer during a specific time period/total number of individuals (initially 
without a pressure ulcer) in the study sample/population over a specific 
time period
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in ward A have a length of stay of 5 days, while in ward ‘B’, all patients have a 
length of stay of 20 days. In both wards, two patients develop a pressure ulcer. The 
cumulative incidence is identical in both wards (2/10 = 20%). Since the patients risk 
time differs between both wards (5 days in comparison to 20) the incidence density 
in ward ‘A’ is 4 (2/50 patient days), whilst in ward ‘B’ it is only 1 (2/200 patient 
days). Cumulative incidence does not consider differences in patient risk time.

 Further Methodological Issues in Pressure Ulcer Epidemiology

In the historical context, epidemiological measures were typically used to describe 
diseases such as infections, diabetes, pulmonary diseases etc. This makes it 
sometime difficult ,to adopt these measures to the specific need and issues of PU 
occurrences. The most common methodological problems are:

 1. Frequency of wounds: in comparison to diseases which are present or absent 
individuals can suffer from more than one PU.

 2. Severity of wounds: the inclusion of different PU categories leads to different 
prevalence and incidence figures (see above).

 3. Especially regarding facility ,acquired PUs or PU incidence measures it has to be 
taken into account, that some types of deep PUs may take several days to be fully 
developed [20, 21].

 4. Random variation [3, 22].

The above mentioned ,challenges have to be adequately considered, if epidemio-
logical measures like incidence will be used for the monitoring of the quality of care 
or reimbursement issues.

 Prevalence and Incidence of Pressure Ulcers

One of the most comprehensive summaries of PU prevalence and incidence figures 
was published in 2014 in the ‘Prevention and Treatment of Pressure Ulcers: Clinical 
Practice Guideline’ [3]. In general it can be said that PU frequencies are highest in 
high risk settings like in geriatric or critical care. However, due the aforementioned 
reasons published figures are hardly comparable. Despite efforts a common accepted 
methodology for PU epidemiology is missing so far.

Table 3.2 Comparison of cumulative incidence and incidence densitiy

Patients
Length of 
stay

Patients 
developing a PU

Cumulative 
incidence

Incidence 
density

Ward A 10 5 2 2/10 × 100 = 20% 2/(10 × 5) = 4
Ward B 10 20 2 2/10 × 100 = 20% 2/(10 × 20) = 1
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4Nutrition and Pressure Ulcers

Emanuele Cereda and Jos M. G. A. Schols

 Introduction

For most health care professionals, the relevance of adequate nutrition for pre-
serving skin and tissue viability and to promote tissue repair processes like 
wound healing is not in question. A good nutritional status reflects an overall 
healthy condition. Yet, little scientific evidence is available about the relation 
between nutrition and wound healing. Fortunately, in recent years more and 
more studies in this field are performed related to the problem of pressure 
ulcers (PUs).

In this chapter, after a short introduction on the relationship between nutri-
tional status and PUs and on the general nutritional management of PU patients, 
attention will be paid to the assumed role of nutrients in preserving tissue viabil-
ity and improving wound healing. Thereafter, the elements of adequate nutri-
tional care as part of integrated PU-care will be discussed. Recommendations 
based on the most recent guidelines will be given for daily practice. Specific 
attention will be paid to the supplementation with high protein, arginine and 
micronutrients.
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 Pressure Ulcers; the Possible Relation with Nutritional Status

Pressure ulcers (PUs), have affected humans in all times. They are one of the 
most costly and physically debilitating care problems and show a high prevalence 
and incidence in all health care sectors throughout the world. In addition, 
prevalence data are often higher in specific populations like, frail and disabled 
nursing home residents, patients receiving palliative care and patients in intensive 
care units [1–3].

PUs cause a great deal of discomfort for patients. They cause much pain, lead to 
a reduced quality of life, slow rehabilitation and delay hospital discharge. In addi-
tion they increase costs for hospitals, long-term care facilities and the community 
considerably. The cost-of-illness of pressure ulcers has been calculated to be at least 
1% of the total Dutch health care budget and 4% of the UK respectively [4–7]. 
Therefore, addressing the overall management of PUs is nowadays a prominent 
national healthcare issue in many western countries.

The development of pressure ulcers depends on extrinsic and intrinsic risk fac-
tors. The most important and well known extrinsic risk factors are pressure, shear, 
friction and microclimate, which via complex and synergistic actions may lead to 
the formation of pressure ulcers. Intrinsic factors have an effect on tissue viability 
and consequently influence the pathophysiological response to mechanical loading 
and stress. Studies have found significant associations with age, sex, limited activ-
ity, care dependency, incontinence (bowel and bladder), acute disease (e.g. infec-
tion) and nutritional status. The relative influence of each of these intrinsic risk 
factors is still unclear [8].

Both poor nutritional intake and poor nutritional status have been shown to correlate 
with the development of PU as well as with protracted healing of wounds. 
Notwithstanding methodological shortcomings, cross-sectional and prospective studies 
suggest that there is a fairly strong correlation between malnutrition and the development 
of PUs [9–12]. Studies related to PUs have mostly focused on the relation between PUs 
and undernutrition and they have reported that 60–90% of PU patients are malnourished. 
Multivariate analysis of epidemiological data indicates that a poor nutritional status 
and related factors such as low body weight and poor oral food intake are independent 
risk factors for the development of pressure ulcers [13–15]. Moreover, many acute and 
chronically ill as well as elderly patients, at risk of PUs or with established PUs, suffer 
from undesired weight loss [16, 17]. A study from Shahin et al. 2010 studying the 
relationship between malnutrition parameters and pressure ulcers in German hospitals 
and nursing homes clearly established a significant relationship between the presence 
of pressure ulcers and undesired weight loss (5–10%) in hospitals and nursing homes. 
Inadequate and poor nutritional intake was strongly related to the presence of pressure 
ulcers in both health care settings as well [18]. Nonetheless, the relationship between 
malnutrition and PUs is likely bidirectional, being the basis of a vicious cycle. A PU is 
responsible for an increased inflammatory background which, in turn, causes an 
increase in energy requirements [19]. Accordingly, the inability of PU patients to meet 
protein-calorie needs is further emphasized (Fig. 4.1).
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Altogether, these findings underline the importance of adequate nutritional care 
in PU (prone) patients.

 Pressure Ulcers; Risk Assessment, Prevention and Treatment

To target PU preventive actions in the right way, risk assessment aimed at identi-
fying susceptible patients is of utmost importance in daily clinical practice. PU 
risk assessment should be performed in a structured, multidisciplinary way and 
include activity, mobility, the skin’s viability and moisture and nutritional status.

Next to clinical judgment, risk assessment can be supported by using a pressure 
ulcer risk assessment scale. There are several widely used risk assessment scales, 
such as the Waterlow pressure sore risk scale and the Braden scale, which consists 
of 6 items referring to sensory perception, skin moisture, activity, mobility, nutri-
tional status and the extent of friction and shear forces [20, 21].

The advice is to incorporate one of such scales including the evaluation of the 
nutritional domain, structurally in the daily care process because this can can alert 
healthcare professionals to the possibility of pressure ulcers continuously.

 Pressure Ulcers; Prevention and Treatment in General

After establishing the risk of getting a PU or if a PU is diagnosed, preventive mea-
sures should be initiated.

Relevant preventive measures are:

Poor nutritional status
PRESSURE

ULCER

INFLAMMATION

PROTEIN-
CALORIE
MALNUTRITION

LOSS OF NUTRIENTS
(mainly protein)

CATABOLISM
↑ energy expenditure

ACUTE STRESS
(e.g. surgery or trauma)

or
ACUTE DISEASE

(e.g. infection)
or

CHRONIC DISEASE
(e.g. cancer)

• Low BMI
• Weight loss
• ↓ food intake

Fig. 4.1 Inter-relationship between nutrition and pressure ulcers
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 – regular inspection of the skin together with the use of skin emollients to hydrate 
a dry skin;

 – reduction of the duration and magnitude of pressure on vulnerable areas of the 
body by performing repositioning of at-risk patients in combination with the use 
of support surfaces, like mattresses seats and cushions;

 – optimization of the patient’s general health condition, including improvement of 
mobility and nutritional status.

In the case of a confirmed pressure ulcer, therapeutic measures must be taken 
directly, during the course of which the preventive measures remain in force.

Curative intervention consists primarily of appropriate wound care to encourage 
tissue repair as much as possible. In addition attention must be paid to the patient’s 
general health status, the management of secondary infection, pain and psychoso-
cial suffering and last but not least also to adequate nutritional care.

 Basic Aspects of Tissue Power and Wound Healing; 
the Assumed Role of Nutrients

To preserve tissue viability and to promote adequate wound healing, several endog-
enous factors play an important role, for instance the power of the body to preserve 
tissue homeostasis and tissue defence mechanisms including processes that gener-
ate an adequate inflammatory reaction as well as the defence response to deal ade-
quately with acute tissue damage and to handle the subsequent bacterial burden of a 
wound and finally also the complex processes of tissue repair.

In this process nutrients play also a relevant role. Under here a short description 
of the most relevant nutrients is given.

 Calories by Carbohydrate, Fat and Protein

Carbohydrate, protein, and fat supply the energy source (kilocalories) for the 
body. The provision and consumption of adequate kilocalories supports colla-
gen and nitrogen synthesis and healing and promotes anabolism by sparing 
protein from being used as an energy source. Fat is the most concentrated 
source of kilocalories, transports the fat-soluble vitamins (A, D, E, K) and 
provides insulation under the skin and padding to bony prominences. It is also 
an essential part of cellular membranes, which is important for preserving tis-
sue viability and for wound repair processes. Moreover, attention has recently 
being given to omega-3 essential fatty acids as potential modulators of the 
wound healing process [22]. Meats, fishes, eggs, dairy products, and vegetable 
oils represent resources of fat.

E. Cereda and J. M. G. A. Schols

veras@usp.br



45

 Protein and Amino Acids

Protein is the only nutrient containing nitrogen and is composed of amino acids. 
Protein is important for tissue perfusion, preservation of the immune function, 
repair and synthesis of enzymes involved in wound healing, cell multiplication, col-
lagen and connective tissue synthesis. Foods that provide all essential amino acids, 
such as meat, poultry, fish, eggs, milk products, and soybeans, are considered 
complete proteins. During period of stress or trauma such as injury and wound 
healing, certain amino acids, such as arginine and glutamine, become conditionally 
essential. L-Arginine is 32% nitrogen and has been shown to increase concentrations 
of hydroxyproline, which is an indicator of collagen deposition and protein in the 
wound site [23–25]. The role of arginine in wound healing will be described later.

 Vitamins and Minerals

Ascorbic acid (vitamin C), a water soluble vitamin, is a cofactor with iron during 
the hydroxylation of proline and lysine in the production of collagen. Hence a 
deficiency of vitamin C may prolong the healing time and contributes to reduced 
resistance to infection [9]. The required daily intake of vitamin C is achieved 
with the consumption of fruits and vegetables. Vitamin A and Vitamin E are fat 
soluble vitamins and the dietary intake comes from a variety of foods. Vitamin A 
acts as a stimulant during the wound healing process to increase collagen 
formation and promote epithelisation. Vitamin E acts as an anti-oxidant and the 
required intake can easily be met with food and/or a multivitamin, unless a 
deficiency is confirmed.

Zinc, a cofactor for collagen formation, also metabolizes protein, liberates vita-
min A from storage in the liver, and assists in immune function. Copper is an essen-
tial mineral for collagen cross-linking. If deficiencies are suspected, suppletion can 
be provided for instance via multivitamins [26–28].

 Water

Water is distributed throughout the body in our intracellular, interstitial, and intra-
vascular compartments and serves as the transport medium for moving nutrients to 
the cells and removing waste products. Water constitutes 60% of an adults body, 
thus being the most important nutrient for life. An elderly individual generally has 
an increase in body fat and a decrease in lean body mass resulting in a decrease in 
the percentage of water stored. Individuals with draining wounds, diarrhoea, ele-
vated temperature, or increased perspiration require additional fluids to replace fluid 
lost. Hydration needs are met from liquids plus the water content of food [29, 30].
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 Adequate Nutritional Care as Part of Integrated PU-Care

To preserve a good tissue viability and tissue repair power in PU-(prone) patients 
adequate nutritional care as part of integrated PU care is required.

Under here, the essentials of this required nutritional care are described includ-
ing the most important specific evidence based recommendations. The latter are 
based upon the most recent revised international guidelines of both the National 
Pressure Ulcer Advisory Panel (USA) and the European Pressure Ulcer Advisory 
Panel (NPUAP-EPUAP 2014) in which a specific nutritional part is incorporated.

In essence, the nutritional recommendations for prevention and treatment of PUs 
involve:

 – recommendations to follow the basic nutritional cycle to achieve tailor-made 
nutritional care;

 – recommendations on Calorie intake, Protein intake, Hydration, Vitamins and 
Minerals;

 – New is a specific recommendation on the supplementation with high protein, 
arginine and micronutrients. This will be described in a separate part of this 
chapter, as mentioned before.

 The Nutritional Cycle

Screening and assessment of nutritional status followed by adequate nutritional 
intervention should be part of the prevention and treatment plan for patients at risk 
for PUs (Fig. 4.2).

 Nutritional Screening

Unless the patient has a terminal illness, undernutrition is a reversible risk factor for 
pressure ulcer development, making early identification and management critical. 
Patients at risk of pressure ulcers or with PUs in which progress towards healing is 
not observed, often are in danger of undernutrition. Therefore, nutritional screening 
in patients at risk or with a PU should be completed at admission to a health care 
setting but also with each condition change or if a new ulcer occurs and/or progress 
towards healing is delayed [23, 31–33].

Healthcare organizations should have a policy on nutritional screening. Screening 
tools should be easy to use, validated, and reliable for the patient population served. 
Validated screening tools are widely used nowadays. The Mini-Nutritional 
Assessment (MNA) and the MNA short form were noted in a cross-sectional study 
by Langkamp-Henken et al. to have an advantage over using visceral protein when 
screening and assessing nutritional status [34]. The MNA-SF was revised to six 
questions and re-validated for adults 65 and older and has a 80% sensitivity and 
specificity and 97% positive predictive value of impaired nutritional status according 
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to clinical judgement [35]. The Malnutrition Screening Tool (MUST) has been 
validated in acute care, long term care and the community and identifies those indi-
viduals underweight or at risk for undernutrition [36].

When the screening tool triggers nutrition as a point of necessary attention, 
timely referral to the appropriate professionals is critical. A subsequent nutritional 
assessment should be completed by a registered dietician who collaborates and 
communicates with the other members of the healthcare team including the speech 
therapist, responsible for screening, evaluating and treating swallowing problems, 
the occupational therapist who works to strengthen the patients’ ability to feed 
themselves and the nursing staff whose responsibilities include monitoring the 
patient’s acceptance of nutrition. The physician is responsible for the over-all care 
of the patient and ordering any treatments recommended by the team.

 Nutritional Assessment

The in-depth nutritional assessment is a methodical process of obtaining and inter-
preting data in order to make decisions about the basis of nutrition-related prob-
lems. The assessment includes interpretation and analysis of medical, nutritional, 
biochemical data and food-medication interactions; obtaining anthropometric mea-
surements; and evaluation of visual signs of poor nutrition, oral status, chewing/
swallowing ability, and/or diminished ability to eat independently.

OUTCOMES:
Complete healing
Wound area reduction
Healing time
Pain
Prevention of sepsis
Prevention of osteomyelitis
Recurrence rate

Treatment complications:
- Pain
- Dermatologic complications
- Bleeding
- Infection

Effectiveness of treatment strategies may differ according to:
- features of the PUs (anatomical site or severity), 
- patient characteristics (e.g. age; race or ethnicity; body weight; comorbidities; 
                    functional ability; incontinence; nutritional status) 
- patient care settings (home, nursing facility, or hospital) and 
- setting-related features (staffing ratio, staff education and training in wound care,
                    existence of a wound care team and caregiver support and training)

Pressure
Ulcer

TREATMENTS:
- Dressings
- Nutritional support
- Support surfaces
- Surgical procedures
- Adjunctive therapies

Fig. 4.2 Workflow of treatment strategies [53]
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Anthropometric measurements include height, weight and body mass index 
(BMI = weight [kg]/height [m] squared—[kg/m2]). Obtaining an accurate height 
and weight is important, since these values are the basis for calculating body mass 
index (BMI) and caloric requirements. Individuals should be weighed on a 
calibrated scale, at the same time of the day, and wearing the same amount of 
clothing. Special beds nowadays often are equipped with a device to weigh an 
immobile individual. The assessment of the weights status to determine the weight 
history and to identify significant weight loss >5% in the last 30 days or >10% in 
the last 180 days is very relevant because this places an individual at increased 
nutritional risk and has a negative effect on wound healing [37, 38]. Yet, an obese 
patient is also at risk for PU development and healing may be delayed when the 
diet consumed is inadequate in nutrients including protein. In patients unable to 
maintain the standing position height could be derived from knee-heel length 
through the use of appropriate and validated ethnic-specific equations [39, 40].

In addition a diet history should be performed to assess the adequacy of the total 
nutrient intake by determining the type, quantity and frequency of food usually 
consumed by the patient. A further nutrition focused clinical examination should 
explore signs of poor nutrition like changes in the hair, skin or nails, such as thin, 
dry hair, brittle nails or cracked lips. In addition also the patient’s ability to eat nor-
mally and independently should be determined: individuals with missing or decayed 
teeth or ill-fitting dentures often reduce their intake of difficult to chew protein 
foods, thus restricting their caloric intake and increasing the chance for weight loss. 
Moreover, individuals with swallowing problems, dysphagia or disabilities that 
cause dependency on others for eating and drinking, may become dehydrated and 
lose weight. All these conditions may lead to an increased PU risk and can nega-
tively affect wound healing.

Analysis of current laboratory values is also a component of the nutritional 
assessment, but not a very important one. Biochemical assessment data must be 
used with caution because values can be altered by hydration, medication, and 
changes in metabolism. There is not one specific laboratory test that can expressly 
determine an individual’s nutritional status. Serum hepatic proteins including albu-
min, prealbumin and transferrin may not correlate with the clinical observation of 
nutritional status [41, 42].

Serum concentrations of these laboratory parameters may not be markers of mal-
nutrition or caloric repletion, but instead may be indicators of morbidity severity 
and risk of mortality.

 Nutritional Intervention

After the nutritional assessment, an individualized nutritional care plan should be 
developed for patients at risk of or with a PU. Caloric, protein, fluid and vitamin/
mineral requirements should be individualized and increased or decreased, 
depending on the assessed requirements of the patient.

The nutritional intervention strategy always tries to focus first on improving nor-
mal oral nutritional intake. Yet, despite many daily efforts on this, for instance by 
taking into account individual preferences on foods and drinks and by improving 

E. Cereda and J. M. G. A. Schols

veras@usp.br



49

mealtime ambiance, it is known that many patients with PUs cannot meet their 
nutritional demands via normal intake only [19]. Therefore, the incorporation of 
fortified foods and/or oral nutritional supplements (ONS) into the treatment plan 
should be determined. Fortified foods include commercial products, such as cereal, 
soup, cookies, or dairy products enriched with additional calories and protein or 
enriched menu items. When normal oral intake is inadequate, enteral or parenteral 
nutrition is considered, if it is consistent with the individual’s goal. When the gut is 
functioning, enteral feeding via oral nutritional supplements in addition to the diet, 
or total tube feeding is the preferred route.

Research supports the theory of providing ONS to reverse undernutrition, pre-
vent PU-occurrence and promote PU healing [43–45]. ONS in addition to the regu-
lar diet should be preferably consumed in between meals, because then they do not 
affect normal intake negatively.

In any case, it is not sufficient to prescribe only. Compliance to intervention must 
be monitored and food and fluid intakes reviewed periodically.

 Recommendations on Calorie Intake, Protein Intake, 
Hydration, Vitamins and Minerals

The consistent research made in the last 15 years in the field of “nutrition and PU” 
has brought the incorporation into international guidelines of a chapter dedicated to 
the improvement of nutritional care [46]. The statements included are primarily 
oriented on how to adjust the intake of calories, proteins, vitamins, minerals and 
water in patients both having or at high risk of developing PUs. It is interesting to 
note that the evidence collected substantially refers to an adult population and, 
although pediatric patients may be at high risk of skin breakdown and nutritional 
derangements, high-quality research still needs to be conducted in this segment of 
the population. A summary of recommendations and the related strength of evi-
dence is presented in Table 4.1.

 Energy Intake

In patients assessed to be at risk of malnutrition, nutritional intervention should be 
tailored to achieve an energy intake of 30–35 kcal/kg of body weight daily. This 
applies to both adults having or at risk of developing PUs. In any case, starting from 
this general statement, the provision should be individualized based on underlying 
medical conditions, weight changes and weight status. Those being underweight or 
having experienced unintended weight loss may need additional energies. 
Accordingly, disease-related dietary restrictions should be reconsidered under med-
ical control when they have a negative impact on nutrients and fluid intake. In line 
with this, the use of fortified foods and/or high-calorie, high-protein ONS between 
meals should always be considered when estimate requirements are difficult to 
cover with oral diet. In patients at high risk of developing due to acute-stress 
conditions (e.g. surgery) the use of ONS has been demonstrated to reduce the 
occurrence of new PU of about 25% and it is strongly recommended [47].
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Table 4.1 Recommendations and strength of evidence for “Nutrition in Pressure Ulcer Prevention 
and Treatment” from NPUAP-EPUAP 2014 Guidelines [46]

Statement Strength
Nutrition screening
  – Screen nutritional status for each individual at risk of or with a pressure ulcer:
  • at admission to a health care setting;
  • with each significant change of clinical condition; and/or
  • when progress toward pressure ulcer closure is not observed

C

  – Use a valid and reliable nutrition screening tool to determine nutritional risk C
  –  Refer individuals screened to be at risk of malnutrition and individuals with 

an existing pressure ulcer to a registered dietitian or an inter-professional 
nutrition team for a comprehensive nutrition assessment

C

Nutrition assessment
  –  Assess the weight status of each individual to determine weight history and 

identify significant weight loss (≥5% in 30 days or ≥10% in 180 days)
C

  – Assess the individual’s ability to eat independently C
  –  Assess the adequacy of total nutrient intake (food, fluid, oral supplements and 

enteral or parenteral nutrition)
C

Care planning
  –  Develop an individualized nutrition care plan for individuals with or at risk of 

a pressure ulcer
C

  –  Follow relevant and evidence-based guidelines on nutrition and hydration for 
individuals who exhibit nutritional risk and who are at risk of pressure ulcers 
or have an existing pressure ulcer

C

Energy intake
  –  Provide individualized energy intake based on underlying medical condition 

and level of activity
B

  –  Provide 30–35 kcal/kg body weight for adults at risk of a pressure ulcer who 
are assessed as being at risk of malnutrition

C

  –  Provide 30–35 kcal/kg body weight for adults with a pressure ulcer who are 
assessed as being at risk of malnutrition

B

  –  Adjust energy intake based on weight change or level of obesity. Adults who 
are underweight or who have had significant unintended weight loss may need 
additional energy intake

C

  –  Revise and modify/liberalize dietary restrictions when limitations result in 
decreased food and fluid intake. These adjustments should be made in 
consultation with a medical professional and managed by a registered dietitian 
whenever possible

C

  –  Offer fortified foods and/or high calorie, high protein oral nutritional 
supplements between meals if nutritional requirements cannot be achieved by 
dietary intake

B

  –  Consider enteral or parenteral nutritional support when oral intake is 
inadequate. This must be consistent with the individual’s goals

C

Protein intake
  –  Provide adequate protein for positive nitrogen balance for adults assessed to 

be at risk of a pressure ulcer
C

  –  Offer 1.25–1.5 g protein/kg body weight daily for adults at risk of a pressure 
ulcer who are assessed to be at risk of malnutrition when compatible with 
goals of care, and reassess as condition changes

C

  –  Provide adequate protein for positive nitrogen balance for adults with a 
pressure ulcer

B
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 Protein Intake

Recommendations on how to manage protein intake are incorporated into guide-
lines in strong connection with those pertaining energy intake. Indeed, there could 
be no protein anabolism and new tissue synthesis in absence of energy supply. In 
agreement with other international society guidelines, the advised protein target is 
1.25–1.5 g/kg per day. As proteins represent the building bricks of new tissues and 
patients at risk of or suffering from PUs are typically of advanced age, the recom-
mendation for 0.8 g/kg body weight for a healthy adult is considered inadequate. 
Again, specific restrictions associated with comorbid status should be taken into 
account and eventually reconsidered based on current clinical conditions. Usual diet 
should be improved accordingly and the use of high-calorie, high-protein ONS is 
strongly recommended in those not able to meet estimated requirements, particu-
larly in presence of a high risk of developing PU due to acute-stress conditions.

Table 4.1 (continued)

Statement Strength
  –  Offer 1.25–1.5 g protein/kg body weight daily for adults with an existing 

pressure ulcer who are assessed to be at risk of malnutrition when compatible 
with goals of care, and reassess as condition changes

B

  –  Offer high calorie, high protein nutritional supplements in addition to the 
usual diet to adults with nutritional risk and pressure ulcer risk, if nutritional 
requirements cannot be achieved by dietary intake

A

  –  Assess renal function to ensure that high levels of protein are appropriate for 
the individual

C

  –  Supplement with high protein, arginine and micronutrients for adults with a 
pressure ulcer Category/Stage III or IV or multiple pressure ulcers when 
nutritional requirements cannot be met with traditional high calorie and 
protein supplements

B

Hydration
  –  Provide and encourage adequate daily fluid intake for hydration for an 

individual assessed to be at risk of or with a pressure ulcer. This must be 
consistent with the individual’s comorbid conditions and goals

C

  –  Monitor individuals for signs and symptoms of dehydration including change 
in weight, skin turgor, urine output, elevated serum sodium, and/or calculated 
serum osmolality

C

  –  Provide additional fluid for individuals with dehydration, elevated 
temperature, vomiting, profuse sweating, diarrhea, or heavily exuding wounds

C

Vitamins and minerals
  –  Provide/encourage individuals assessed to be at risk of pressure ulcers to 

consume a balanced diet that includes good sources of vitamins and minerals
C

  –  Provide/encourage an individual assessed to be at risk of a pressure ulcer to 
take vitamin and mineral supplements when dietary intake is poor or 
deficiencies are confirmed or suspected

C

  –  Provide/encourage an individual with a pressure ulcer to consume a balanced 
diet that includes good sources of vitamins and minerals

B

  –  Provide/encourage an individual with a pressure ulcer to take vitamin and 
mineral supplements when dietary intake is poor or deficiencies are confirmed 
or suspected

B
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 Hydration

Although recommendations are all of low-grade, water remains undoubtedly the 
most important nutrient being it essential for the maintenance of blood tissue flow 
and a cofactor for most enzymatic reactions. Minimum daily requirements are set to 
30 mL/kg/day or 1 mL/kcal of energy intake. It should be considered that foods 
generally account only for 20% of total fluid needs. Patients with dysphagia are 
more likely to experience difficulties in meeting their needs. Nonetheless, daily 
requirements should be individualized according to comorbid conditions and the 
presence of factors potentially responsible for imbalance such as elevated tempera-
ture, vomiting, profuse sweating, diarrhea, or heavily exuding wounds.

 Vitamins and Minerals

As already reported, patients with PUs or at risk of developing PUs are frequently unable 
to meet protein-calorie requirements. Accordingly, deficits in micronutrients are more 
likely to occur. Oral diet should be a good source also of these and the use of supplements 
should always be considered when dietary intake is poor and deficiencies are confirmed 
or even suspected. This applies to both patients having a PU or at risk of it.

 Promising Effects of Arginine Enriched Oral Nutritional 
Supplements on Wound Healing

Finally, there is high-quality, high-strength evidence that specific micronutrients 
such as arginine, as well as zinc and antioxidants, can exert an additional benefit to 
PU healing. A specific recommendation has been recently included in the upcoming 
(2014) edition of the NPUAP-EPUAP guidelines and rated as a grade-B evidence 
(see Table 4.1).

However, based on recent data—adding to those previously collected—the 
strength is going to increase further (grade-A) as the additional value of these 
micronutrients is likely to be independent of that of proteins and calories. 
Nonetheless, these macronutrients must always be provided to promote new tissue 
synthesis in this category of patients that in fact should be considered malnourished 
by definition. Furthermore, it is noteworthy that no effect was found for each of 
these nutrients when provided alone and only the combination of them within a 
high-energy support is likely responsible for a positive effect on healing.

A preliminary suggestion for the beneficial use of nutritional formula enriched 
with arginine, zinc and antioxidants dates back to 2001 [48]. After that date three 
small randomized and controlled trials were published [49–51]. The main limitations 
of these studies were the small sample size, the inclusion of specific groups of patients 
and the lack of control for calorie and protein support among intervention groups 
(Table 4.2). However, the first study by Cereda et al. [50] was able to show an effect 
of enriched formula in patients primarily fed by enteral route, while the study by van 
Anholt et al. [51] demonstrated the effectiveness in non-malnourished patients.
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The shortcomings of previous studies have been recently overcome in the Oligo-
Element Sore Trail (OEST) [52]. This large (N = 200) randomized (1:1), double-
blind, controlled trial compared a high-calorie, high-protein nutritional formula 
enriched with arginine, zinc and antioxidants with an active isocaloric, isonitrogenous 
control formula confirming that a disease-specific support improves PU healing, 
with a 20% higher reduction in PU area after 8 weeks of intervention. Accordingly, 
although in PU patients with normal gut function and unable to meet energy needs 
by normal food the use of a high-calorie, high-protein support—by either oral or 
enteral route—is recommended, additional supplementation with specific nutrients 
(arginine, zinc and antioxidants) results in improved healing. The use of this formula 
is therefore to be considered whenever and wherever possible.
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 Introduction

Pressure ulcers (PU) are a serious public health problem in hospitals, nursing homes 
and home care, resulting in hospitalization, institutionalization, loss of quality of 
life, and high health care costs [1]. Increased mortality and prolonged hospital stay 
are significantly associated (p < 0.001) with high prevalence of Pus [2]. Besides 
these outcomes and treatment costs, PUs also lead to psychological and social costs 
to the patient and family.

Increased morbidity and mortality rates associated with PUs reflect the impor-
tance of prevention strategies aiming at increasing the protection of patients and 
reducing their exposure to risk factors. One of the most important aspects of PU 
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prevention is the identification of patients at risk, or more specifically, of risk factors 
that make the individual more vulnerable to the development of these lesions [3].

 Risk Factors for PU Development

Until recently, PUs were considered a failure of nursing care. Florence Nightingale 
(1820–1910) already believed that good nursing care could prevent PUs, while her 
contemporary, Dr. Jean-Martin Charcot (1825–1893), an influential French physi-
cian, claimed that medicine could do nothing about this condition [4]. Fortunately, 
scientific development and in-depth studies on this type of wound have contributed 
to a change in attitude of health professionals, who are now more aware that the 
entire health team needs to be committed to the success of PU prevention 
programs.

Because most PUs can be prevented, the development of a PU is considered an 
adverse event that negatively reflects the quality of care [5]. The Joint Commission 
for the Accreditation of Health Care Organization, an independent, not-for-profit 
American organization, defined PU incidence as an indicator of quality of care [6]. 
Since then, a number of initiatives have been taken worldwide to prevent the devel-
opment of PUs and ensure patient safety [7].

The purpose of PU risk assessment is to identify not only individuals who need 
preventive measures, but also specific risk factors for PU development [8]. The first 
known studies on PU risk were conducted more than 50 years ago [8].

Pressure is the most important factor in the development of the PUs; there is a 
positive correlation of PU development with duration and intensity of pressure and 
tissue tolerance [9–13]. Duration of pressure and shear and friction forces are criti-
cal determinants of Pus [13–15]. PU development is a complex, multidimensional 
phenomenon directly associated with several risk factors besides pressure, which 
have been classified as intrinsic and extrinsic factors [3, 13–20].

• Intrinsic factors: Those factors related to the physical and psychological aspects 
of the individual, such as age (especially, early or advanced age), mobility and 
activity, respiratory status, tissue oxygenation and perfusion, predisposing dis-
eases, medication use, nutrition and hydration, overall skin health, body tem-
perature, sensory perception, hematological changes, general health, history of a 
previous PU.

• Extrinsic factors: Those factors are related to the external aspects of the indi-
vidual, such as use of perfumes, talcum powder or cleaning agents, inadequate 
conditions of moisture and temperature, support surfaces on which the patient is 
lying or sitting, manual massage techniques involving the skin surface, and 
excessive moisture in areas subjected to pressure and friction, especially in the 
perianal region because of incontinence, profuse sweating or exudates. All these 
factors decrease tissue resistance to pressure and other mechanical forces.

The first conceptual schema for the study of the etiology of PUs (Fig. 5.1) was 
developed by Braden and Bergstrom [16].
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More recently, a theoretical scheme excluding systemic factors was proposed by 
García Fernández et al. [8] for the study of the etiology of skin lesions (Fig. 5.2).

A systematic review of the literature [8], including studies from 1962 to 2009, 
identified 83 risk factors in 56 risk assessment scales for PU development, which 
were then classified into 23 risk dimensions by a panel of 18 experts, using the 
Delphi Method. The 23 dimensions were used to construct a theoretical model 
(middle-range theory) of chronic wound development to explain the etiology of 
wounds caused by moisture, pressure, friction, a combination of pressure and mois-
ture, pressure and friction, a combination of multiple factors, and comorbid factors. 
The Clinical Guideline of the American College of Physicians [21], describes 
advanced age, Black or Hispanic ethnicity, low body weight, cognitive impairment, 
physical impairment and other comorbid conditions that affect the integrity of soft 
tissues and wound healing, including urinary and fecal incontinence, diabetes, 
edema, impaired microcirculation, hypoalbuminemia, and malnutrition as risk fac-
tors for PUs. Two other reviews [13, 22] identified similar risk factors, including 
levels of activity and mobility, perfusion, and skin health. Secondary risk factors 
were skin moisture, age, hematological measures (serum metabolic concentrations 
of protein, albumin, hemoglobin, and lymphopenia), nutrition and general health 
status [13, 22].

Body temperature, immunity, gender, and race may require further investigation 
to confirm their importance as predictors of PU development [13]. The complex 
interaction of multiple factors increases the likelihood of PU development [13]. 
Reduced physical mobility affects the patient ability to effectively relieve pressure 
and increases the risk of shear and friction injuries [13, 23]. Coleman et al. [13] 

↓ Mobility

↓ Activity

↓ Sensorial
   perception

Extrinsic factors:
↑ Moisture
↑ Friction
↑ Shear

Intrinsic factors:
↓ Nutrition
↑ Age
↓ Blood pressure

Tissue
tolerance

Pressure

Pressure ulcer

Fig. 5.1 Conceptual 
schema for the study of the 
etiology of PUs according 
to Braden and Bergstrom 
[16]
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found that reduced activity and mobility was a key risk factor in 80.5% of the 
reviewed studies. Patient level of mobility has shown to be more predictive of PU 
development than the total score of all assessment scales [13, 22].

The identification of patients at high risk of PUs is an early intervention strategy 
important for the primary, secondary and tertiary levels of prevention that may 
reduce the incidence of complications, patient suffering, and costs to the health 
system [22]. Risk assessment should start on admission to a health facility and 
repeated regularly during hospitalization, nursing home stay or at home.

Pressure ulcer is one of the most prevalent adverse events in intensive care unit 
(ICU) patients [24, 25]. Long periods of bed rest imposed by the therapeutic regi-
men, use of potent drugs with sedative, analgesic and relaxant effects, and physical 
limitations or disabilities that may be caused by the underlying disease [24, 26] may 

Superficial
Lesions

Moisture
Lesions

Friction
Lesions

Pressure
ulcer

Produced byProduced byProduced by

EXPOSURE TO
MOISTURE

INCONTINENCE
FRICTION/GRAZING PRESSURE SHEAR

Caused by

Decreased capacity
of repositioning

Decreased sensory
perception

DECREASED TISSUE TOLERANCE (FOR EXTERNAL AGRESSIONS, TISSUE NUTRICION OR
OXYGENATION ALTERATIONS, SKIN ALTERATIONS)

[ADJUVANT FACTOR: AFFECTING ALL INJURIES]

Deep
Lesions

Fig. 5.2 Theoretical model for the development of skin ulcers of not systemic origin and 
dependence- related lesions (García Fernández et al. [8])
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reduce or even prevent the patient to efficiently react to pain and discomfort caused 
by prolonged pressure on the tissues. In addition, hemodynamic instability, decreased 
perfusion, and poor nutritional status, whether due to a major trauma, sepsis, surgery, 
starvation or lack of appetite [24, 26] may lead to reduced tissue tolerance for pres-
sure and consequently increased risk of Pus [27, 28]. These patients usually require 
the use of mechanical ventilation, vasoactive drugs, vascular catheters, and drains, 
which combined with their clinical condition, make them more vulnerable to devel-
oping muscle atrophy and Pus [22, 26, 28, 29].

Surgical patients commonly develop PUs since the surgical procedure and up 
to five days after surgery due to their exposure to physical pressure in the operat-
ing room, although the lesions are often overlooked or only described as a 
“hyperemia identified in the ICU” [30, 31]. The tolerance of the cardiovascular 
system to surgical procedures is influenced by pharmacological agents designed 
to maintain the proper venous return and systemic vascular resistance. However, 
circulatory and respiratory changes may occur during surgery, causing hypoten-
sion and consequently affecting tissue perfusion, thus requiring the use of vaso-
active drugs to improve blood circulation for preservation of cerebral and 
myocardial perfusion [30–32].

The prevention of PUs depends on the clinical ability to assess the level of risk 
of PU development in order to design a prevention program [20, 33]. The nurse’s 
clinical judgment is fundamental in this process; however, several instruments have 
been developed to identify the risk factors and thereby refine this assessment, indi-
vidualizing the care and optimizing prevention costs [20, 33]. A Cochrane review 
[34] was conducted to determine whether the use of structured risk assessment tools 
in the prediction of PU development contributes to a reduction in the incidence of 
PUs and found only two randomized, controlled clinical trials with different levels 
of scientific quality. Although the authors concluded that there is no evidence to 
support that the use of systematic and structured risk assessment tools leads to a 
reduction in the incidence of PUs, these instruments are considered useful and com-
plementary to the nurse’s clinical assessment. This recommendation is based on a 
systematic review and meta-analysis by García-Fernández et al. [35].

 Risk Assessment Tools

Because of the need to improve the clinical and health care practice and give profes-
sionals increased ability and confidence in the risk assessment process, several 
authors have proposed risk assessment tools, which differ in complexity, scope and 
ease of use, and that have been tested and validated worldwide.

Selecting a risk assessment tool requires practical and ethical considerations. 
Some methods of PU risk assessment may have a high predictive value, such as 
determining the interface pressure between the contact surface and the patient, or 
measuring albumin and prealbumin levels. However, these methods are not suitable 
for clinical practice, especially in developing countries, because they are invasive 
and high-cost procedures.
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In 2002, there were more than 40 risk assessment tools for PU development [36], 
many of them based on the Norton scale [37–39]. In the 1980s, authors such as 
Waterlow in England and Braden and colleagues in the US still used the assessment 
of PU risk as a basis for the development of their instruments. The Waterlow scale 
[40] was developed to be applied to the nursing process and is the most commonly 
used in the UK and some European countries, apparently because it involves a 
larger number of variables compared to the Norton scale and Braden scale, and 
considers preventive measures. The Braden Scale for Predicting Pressure Sore Risk 
(Braden scale) was developed as a strategy to decrease the incidence of PUs in a 
health service [41]. Measures for the prediction of PUs continued to be developed 
to assess patients in different settings, such as the Cubbin & Jackson scale in 1991 
for critically ill patients [4, 42], the Walsall Community Pressure Sore Risk Score 
Calculator in 1993 for patients treated at home or in the community [43], and the 
Sunderland scale generic version [44] and for pediatric patients [45, 46] in 1995 and 
2003, respectively.

Knowing about risk assessment tools means knowing not only the items, forms 
of application, target population, and interpretation of ratings of a scale, but also 
their measurement properties (i.e., reliability and validity). The ability of risk 
assessment scales to predict the development of PUs is measured by sensitivity and 
specificity.

Sensitivity is defined as the probability that the assessment tool identifies those 
individuals who do develop a specific disease. Specificity is defined as the probabil-
ity that the test result will be negative when the test is applied to a person who actu-
ally does not have the disease [47]. Thus, in the case of pressure ulcer risk assessment 
scales, sensitivity corresponds to the percentage of patients classified as being at 
risk who are likely to develop PUs and specificity refers to the percentage of patients 
correctly classified as not being at risk and did not develop PUs.

There are two other aggregate measures: the positive and negative predictive 
values. The positive predictive value (PPV) is the percentage of individuals classi-
fied as being at risk of PUs who actually developed PUs. The negative predictive 
value (NPV) is the percentage of people classified as not being at risk who is truly 
free of PUs [48].

Although widely studied, further studies are necessary to confirm and compare 
the performance of risk assessment scales  - as well as their assessment factors, 
domains or subscale items—in different populations and in different countries.

Following, the most widely used scales in the US, Europe, Asia, and Latin 
American countries are presented in more detail.

 The Norton Scale

The first risk assessment tool for PUs was developed by Norton, McLaren and 
Exton-Smith in 1962 [38, 49] to assess geriatric patients. The authors identified 
various risk factors (physical condition, mental state, activity, mobility, and inconti-
nence), which were later included in the scale. Each parameter was described by 
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one or two words and rated from 1 to 4. The sum of the ratings gives a total risk 
score ranging from 5 to 20, with lower scores indicating higher risk. The cutoff 
score of 14 indicates risk and scores ≤12 indicate high risk for PU development. In 
1987, Norton proposed the score of 16 as a cutoff point for classifying individuals 
at moderate risk for PU development, widening the range of patients who require 
special care [50]. Studies have noted a linear relationship between Norton scores 
and incidence of PUs [38, 50–53].

A literature review found that the Norton scale shows a sensitivity of 66% (range, 
0–92%), specificity of 65% (range, 31–94%), PPV of 27% (range, 7–53%), and 
NPV of 93% (range, 80–93%), thus exhibiting a wide variation in range of measure-
ment properties [54].

A previous study reported more stable and adequate levels of sensitivity (range, 
81–92%) and specificity (36–59%) for the Norton scale, and better predictive ability 
compared to other scales [14]. Similarly, a recent study [55] indicated that the 
Norton Scale was more efficient than the Braden and Waterlow scales in predicting 
PU development in surgical patients. A recent study in the Czech Republic showed 
the best predictive validity values for the Braden Scale, followed by the Norton 
Scale and the Waterlow Scale, in that order, with areas under the ROC curve of 
0.696, 0.672 and 0.579 [56], respectively.

Although the Norton scale has always been considered an instrument easy to 
apply, some important deficiencies in its evaluation parameters has been observed, 
as the failure to present an operational definition of the parameters used for risk 
assessment, and not consider nutritional factors and skin friction [57]. Because of 
these disadvantages, other risk assessment scales were developed based on the 
Norton scale, but including some parameters to complement those proposed in the 
original scale to improve the results obtained. One of these instruments is the 
Gosnell scale, which will be presented below.

 The Gosnell Scale

In 1973, Gosnell adapted the Norton scale by using four of its five subscales, replac-
ing the parameter “physical condition” with “nutrition”, and including items related 
to the assessment of skin conditions, such as appearance, tone and sensitivity [57]. 
Other variables, such as body temperature, vital signs, medication regimen, and 
medical diagnosis are also assessed but not rated numerically; parameters involved 
in the assessment of the skin are classified with the use of descriptors [57].

García-Fernández et al. [58] concluded that the Gosnell Scale was more appro-
priate for use in patients with neurological and orthopedic conditions, showing high 
predictive power.

A study with 230 patients with a mean age of 60 years, admitted to neurological, 
orthopedic, medical and intensive care units, compared the predictive validity of 
four PU risk assessment tools (the Braden, Gosnell, Norton and Waterlow scales). 
Although the Braden scale had sensitivity of 53% and specificity of 100% for scores 
≤16 indicating risk of PUs, the Gosnell scale showed higher predictive power [59].
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This scale was also applied to 30 residents from a geriatric center and showed 
sensitivity of 50% and specificity of 73% [60].

The Gosnell scale is very comprehensive and was the first to provide an opera-
tional definition of terms to reduce inter-observer variability. However, no system-
atic review or reliability and validity studies have been done to evaluate its 
effectiveness.

 The Waterlow Scale

In 1985, Waterlow proposed a scale that would work as a guide for risk assessment 
and prevention of PUs [40]. The scale was the result of a survey conducted at the 
Musgrove Park Hospital in the UK. The purpose of the scale was to create aware-
ness of the causes of PU development and offer a method for risk assessment, PU 
staging, and prevention or the necessary active treatment. Waterlow suggested that 
the PU risk assessment should be included in nursing care plans and that the fre-
quency of reassessment would be decided by the nurse, according to the patient’s 
assessed level of risk. The Waterlow scale or Waterlow score has shown to be a valid 
tool for PU risk assessment at patient admission to the health service, establishing 
the patient’s level of risk, and therefore enabling the implementation of appropriate 
preventive measures. When a patient is classified into a risk category, a list of pre-
ventive measures can be assessed [40].

Risk factors for the development of PUs can be divided into two groups [40]:

• Intrinsic factors: body build (weight for height), mobility, nutritional status, 
incontinence, infection, and clinical conditions (e.g., neurological disorders, 
anemia and malignancy); and

• Extrinsic factors: external effects of drugs, weight distribution, type of treatment, 
personal hygiene, and patient management.

The Waterlow scale is composed of eight items. The sum of their ratings gives a 
total risk score, with higher scores indicating higher risk of PUs. The reverse side of 
the scale provides information on the types of preventive aids associated to the 
assessed risk status. Incremental changes in the score indicate the patient’s level of 
risk, as follows: at risk, 10 to 14; high risk, 15 to 19; and very high risk, 20 or above 
[40]. The cross-culturally adapted and validated Brazilian-Portuguese version of the 
Waterlow scale showed a cutoff score of 15 and scores ≥15 as the best values to 
predict the development of PUs, with sensitivity and specificity of 87% and 76%, 
respectively [61].

Several studies have been conducted comparing the Waterlow scale especially to 
the Norton and Braden scales. Pang and Wong [62] assessed 106 patients, 89 of 
them over the age of 65 years, from a rehabilitation hospital in Hong Kong. The 
Waterlow scale had a sensitivity of 95%, specificity of 44%, and PPV of 29%, with 
scores ≥16 indicating risk of PU development. Wellard and Lo [63] found that the 
Waterlow scale showed high sensitivity in patients with spinal cord injury.
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A Brazilian study [64] with 98 hospitalized patients obtained optimal cutoff 
points of 17, 20, and 20 for the first, second and third risk assessments, respectively, 
using the Waterlow scale. Also, sensitivity values of 71.4%, 85.7%, and 85.7% and 
specificity values of 67, 40.7, and 32.9% were obtained for the first, second, and 
third assessments, respectively. These results indicate that the Waterlow scale was 
more sensitive and less specific at the three assessments [64].

Other Brazilian studies also confirmed the validity of the Waterlow scale in criti-
cally ill patients [65] and patients with traumatic spinal cord injury [66]. In addition, 
reported that the Waterlow scale allowed monitoring of the care provided, positively 
influencing the clinical outcomes [66].

In a recent prospective cohort study [67] performed with 55 severely ill patients, 
the Braden and Waterlow scales were administered on admission to an ICU and 
every 48 h. The Braden and Waterlow scales showed low and moderate sensitivity 
(41% and 71%, respectively) and low specificity (21% and 47%, respectively). The 
study concluded that the Braden Scale proved to be a good screening instrument and 
that the Waterlow scale had better predictive power [67].

Other studies have shown different results. An Australian cohort study [68] with 
274 patients hospitalized in a tertiary level hospital, reported poor predictive valid-
ity of the Waterlow scale. In a cross-sectional observational study [69], the Waterlow 
scale did not meet the study requirements of at least 70% sensitivity and 70% 
specificity.

 The Cubbin and Jackson Scale

This scale was developed by Cubbin and Jackson in 1991 based on the Norton Scale 
format [70]. It was designed for assessment of PU risk in intensive care patients. 
The Cubbin and Jackson scale is composed of ten items: age, weight, the skin con-
dition of the whole body, mental state, mobility, nutrition, respiration, incontinence, 
hygiene, and hemodynamic state. Each item is rated from 1 to 4 with summative 
scores ranging from 10 to 40. The lower the score, the higher is the likelihood of PU 
development [71].

There are few studies testing the validity of the Cubbin and Jackson scale. A lit-
erature review [72] considered the Cubbin and Jackson scale as the one with best 
predictive validity among PU risk assessment scales tested for ICU patients.

The cross-culturally adapted and validated Portuguese version of the scale shows 
73.3% sensitivity, 86.7% specificity, 52.4% PPV, 94.2% NPV and accuracy of 0.91 
measured by the area under the receiver operating characteristic (ROC) curve or 
AUC [71]. Criterion validity (also called predictive validity) was tested by compar-
ing the Portuguese version of the Cubbin and Jackson scale with the Braden scale 
(the gold standard), and it was found that the revised Cubbin and Jackson scale 
showed better predictive values for PU development in intensive care patients [71].

Other comparative studies show that the Cubbin and Jackson scale has been most 
effective in assessing risk of PU development in intensive care patients. A prospec-
tive South Korean study with 219 critically ill surgical patients compared three 

5 Risk Assessment in Pressure Ulcers

veras@usp.br



66

scales - the Braden, Song and Choi, and Cubbin and Jackson scales - to find the 
instrument that best measures risk of PUs [73]. The Cubbin and Jackson scale was 
the most effective, showing 95.0% sensitivity, 81.5% specificity, 53.5% PPV, 98.6% 
NPV, and AUC of 0.902 for a cutoff score of 28 [73].

More recently, a retrospective study evaluated the predictive validity of the 
Cubbin and Jackson scale for PU development based on 829 electronic medical 
records of critically ill patients from four ICUs of a tertiary level hospital [74]. For 
a cutoff point of 24 and incidence of PUs of 14.2%, the scale showed 72.0% sensi-
tivity, 68.8% specificity, 27.7% PPV, 93.7% NPV, and AUC of 0.76. Information 
related to eight of the ten items (except mobility and hygiene) of the Cubbin and 
Jackson scale was extracted from electronic medical records. The use of nursing 
information from electronic medical records may help health professionals in the 
evaluation of the effectiveness of PU prevention and management strategies, and 
increase the efficiency of nursing services [74].

However, a study evaluating the main factors associated with the development of 
PUs (including previously unidentified factors) in a mixed ICU, used a modified 
Cubbin and Jackson scale in 1629 adults. Clinical treatment and treatment duration 
were the most important and prevalent factors. A cutoff point of 29, already used in 
other studies, was not optimal for the identification of patients at high risk of PUs, 
requiring further investigation of patient populations, associated risk factors for 
PUs, and on the significance of individual components of the scale [75].

 The Braden Scale

The Braden Scale for Predicting Pressure Sore Risk (Braden scale) was developed 
in 1987 [41, 50] as a means to optimize strategies for the prevention of PUs and 
consequent reduction of the incidence of these lesions. A conceptual framework 
was developed for the study of the etiology of PUs, involving two critical determi-
nants: intensity and duration of pressure and tolerance of the skin and supporting 
structures for pressure [16]. According to the conceptual model, the intensity and 
duration of pressure involve the risk factors sensory perception, mobility and activ-
ity. The tolerance of the skin and underlying structures for pressure or the capacity 
of the tissue to tolerate the mechanical load refers to intrinsic factors, such as nutri-
tion, and extrinsic factors, including moisture, friction and shear. A scale composed 
of six subscales (sensory perception, activity, mobility, humidity, nutrition and fric-
tion and shear) was built based on this conceptual model (Fig. 5.1).

The sensory perception subscale measures the patient’s ability to notice and 
respond to discomfort caused by exposure to increased pressure on the skin. The 
sensation of pressure or discomfort makes the person to change position or seek 
assistance to make small or large shifts in body weight. The inability to feel or rec-
ognize pressure or discomfort increases the risk of PU development. The activity 
and mobility subscales are used to assess the frequency and duration of activity, or 
changes in position. Mobility refers to the patient’s ability to relieve pressure 
through movements while lying in bed and activity refers to the frequency of 
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movements when the patient is out of bed. The nutrition subscale measures the 
usual pattern of food consumption by controlling the daily intake of the meal 
provided, indicating the amount of protein, fluid intake, need and acceptance of 
dietary supplements, and use of tube feeding or total parenteral nutrition. The 
moisture subscale assesses the degree of moisture to which the skin is exposed. 
Urinary or anal incontinence, wound drainage, perspiration and food waste are 
potential sources of moisture. At last, the friction and shear subscale measures the 
patient’s ability to move or be moved leaving the skin free from contact with the 
surface of the bed or chair during position changes [14].

The subscales are rated from 1 to 4, except friction and shear, which is rated from 
1 to 3. The sum of the ratings gives a total risk score (possible range: 6 to 23), with 
lower scores indicating higher risk of PUs. For many years it was considered that 
scores ≤16 were indicative of risk for PU development [14]. In a later study [76], a 
cutoff score of 18 was suggested for the assessment of elderly populations who are 
physiologically unstable or have low access to individualized care. In 2002, a new 
risk classification was proposed by Ayello and Braden [77] and the patient’s level of 
risk was indicated by incremental changes in scores as follows: at risk, 15 to 18; 
moderate, 13 to 14; high risk, 10 to 12; and very high, risk ≤9. This risk classifica-
tion can help practitioners determine when aggressive prevention measures should 
be taken, valuing the clinical judgment of the health professional. The same authors 
also suggested a prevention protocol according to the patient’s risk score [77].

Several reviews have been conducted on the predictive validity of the Braden 
scale in different populations. The Braden scale is considered the PU risk assess-
ment tool most studied worldwide.

Pancorbo-Hidalgo et al. [78] conducted a literature review and concluded that 
the Braden scale has a better balance of sensitivity (57.1%) and specificity (67.5%) 
for a cutoff score of 16 compared to the Norton and Waterlow scales.

A more recent systematic review and meta-analysis [35] compared the predictive 
capacity of PU risk assessment scales published between 1962 and 2010 in English, 
Spanish, Portuguese, Korean, German and Greek with nurses’ clinical judgment to 
predict PU development. Thirty-one of 57 identified studies included a validation 
study and four studies tested nurses’ clinical judgment as a risk prediction factor. 
The meta-analysis showed levels of relative risk (RR) for the Braden scale 
(RR = 4.26), Norton scale (RR = 3.69); Waterlow scale (RR = 2.66); Cubbin and 
Jackson scale (RR  =  8.63); mEntal status, Mobility, Incontinence, Nutrition and 
Activity (EMINA) scale (RR = 6.17); Pressure Sore Predictor Scale (RR = 21.4); 
and nurses’ clinical judgment (RR = 1.89), confirming the high predictive power of 
almost all scales. Nurses’ clinical judgment did not show adequate predictive power 
when used alone [35].

A review of the literature of articles on the predictive validity of the Braden scale 
for pressure ulcer development, which were published between 1946 and 2013, 
selected 38 papers involving 17,934 patients [79]. The authors concluded that the 
scale had moderate predictive validity, caused in part by heterogeneity among stud-
ies [79]. A recent review and meta-analysis by the same research team [80] of arti-
cles published from 1966 to 2013 identified 21 studies with high methodological 
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quality on PU risk assessment involving a total of 6070 patients. The pooled sensi-
tivity, specificity and AUC were 0.72 (95% CI, 0.68–0.75), 0.81 (95% CI, 0.80–
0.82), and 0.84 (SE = 0.02) respectively, confirming a moderate to good predictive 
validity of the scale. A detailed analysis showed that age and reference standards 
were the factors that most affected the predictive validity of the Braden scale [80].

Studying the predictive validity of the Braden, Norton and Waterlow scales in the 
elderly, the authors [81] found 29 studies showing a moderate predictive validity for 
the scales, with similar variations in sensitivity and specificity among studies. A high 
heterogeneity (80%) was observed among scales, which is in agreement with 
previous studies. Studies applying the Braden scale used five different cutoff points, 
which is probably the primary cause of heterogeneity [81]. Other review including 
nine studies carried out with a total of 40,361 residents of long-term care facilities 
[82] found pooled sensitivity, specificity, PPV, and NPV of 86, 38, 28, and 93%, 
respectively. Through a random effects model, the study showed that the Braden 
scale has good overall predictive validity [RR  =  4.33; 95% CI, 3.28–5.72]. 
Nevertheless, the authors concluded that the adequacy of this scale for this population 
is questionable in view of its low specificity and PPV, which may be attributed to the 
cutoff point used and prevention strategies implemented by the institutions [82].

In addition to the systematic reviews, a number of cohort studies have investi-
gated the predictive validity of the Braden scale using different cutoff scores and by 
comparing or not comparing it with other scales. The most important findings from 
recent studies are described below.

Three articles reported that higher cutoff scores have resulted in better predictive 
validity for the following PU risk assessment tools: the Braden scale and Norton 
scale modified by the INSALUD scale (Norton-MI scale) for hospitalized patients 
[83], the Modified Norton scale for hospitalized patients in general [49], and the 
Braden scale for critical patients [84]. Nevertheless, Källman and Lindgren [49] 
confirmed that the cutoff scores recommended for the Braden, Norton and Risk 
Assessment Pressure Sore (RAPS) scales proved to be valid in general hospitals.

With regard to the specific items of the scales, Wang et  al. [85] found that, 
although the interrater reliability of the Braden, Norton and Waterlow total scores 
were all quite high, the reliability of some items was not so good. Thus, health pro-
fessionals should administer these instruments with special attention to the items 
moisture, physical condition, and skin type. Further studies should consider changes 
in these items making them less ambiguous and more reliable. Serpa and Santos 
[20] observed that the nutrition subscale of the Braden Scale was not predictive of 
PU development in critical patients. In contrast, serum albumin levels and the 
Subjective Global Assessment showed to be better predictors of PUs. Perfusion and 
skin conditions were considered important factors for risk assessment of PUs, but 
not on the Braden scale [13, 22].

In the 2000s, several other studies have tested different cutoff points for the 
Braden scale, obtaining increased predictive validity with cutoff points of 14 for 
hospitalized patients in China [86], 19 for hospitalized patients in Germany [87]; 
and 13 for critically ill patients in Brazil [88–90].

A prospective study was conducted in the Netherlands [36] evaluating the rou-
tine use of risk assessment scales (the Norton, Waterlow, and Braden scales) to 
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predict UP in neurological, geriatric and medical-surgical patients at the recom-
mended cutoff points. The results show poor PPV for all scales (7, 5.3 and 7.8%, 
respectively) and also low values of sensitivity and specificity for the Norton scale 
(46.2% and 60.4%, respectively), Waterlow scale (89.5% and 22.4%, respectively), 
and Braden scale (43.5% and 67.8%, respectively).

One systematic review and meta-analysis analyzed the predictive validity of 
Waterlow, Modified Braden, and Cubbin & Jackson’s pressure ulcer risk scales, 
based on 17 well-designed studies assessing diagnosis. As ROC AUC is over 0.7, all 
analyzed instruments showed moderate predictive validity, but they have limited 
interpretation due to high differences between studies. In addition, Waterlow’s 
instrument is insufficient for use as a screening tool owing to low sensitivity [91].

A Brazilian study [92] compared the Braden and Waterlow scales and found that 
the sensory perception and friction and shear Braden subscales and the mobility and 
appetite Waterlow subscales were the most important risk factors in predicting PU 
development in hospitalized patients.

Most studies showing evidence of the good predictive value of various PU risk 
assessment scales reinforce the importance of these tools for the nurses’ clinical 
judgment.  According to the latest version of the consensus recommendations on 
prevention and treatment of Pus [3] developed by the National Pressure Ulcer 
Advisory Panel (NPUAP), European Pressure Ulcer Advisory Panel (EPUAP) and 
Pan Pacific Pressure Injury Alliance (PPPIA), a selected risk assessment tool should 
be appropriate to the population, valid and reliable (Strength of evidence  =  C; 
strength of recommendation = X).

 Pediatric Scales

The problem of PUs has been well documented in the adult population, but not in 
the pediatric and neonatal populations, despite the susceptibility of the skin to PUs 
among pediatric and neonatal patients and indications of a high incidence of PUs in 
these groups. The use of PU risk assessment tools is essential for risk prevention and 
decision making before or after the signs of PUs [93].

The mechanism of PU development in pediatric patients is similar to that in 
adults, but differs in  location. Children under three years old often suffer from 
bedsores in the heels, ears and occipital region. In fact, the pediatric patient who 
cannot move is at a high risk of developing PUs [94].

The incidence and prevalence of pediatric PUs vary across different population 
groups from 0.29% [95] to 24% in pediatric ICUs [45].

 The Braden Q Scale

The Braden Q scale is the pediatric version of the Braden Scale. It was developed 
by Quingley and Curley in 1996 and is the most studied and used PU risk assess-
ment tool in this population group [46]. Children of 1 to 5 years of age are evaluated 
by the Braden Q scale using two parameters: the first measures the intensity and 
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duration of pressure (mobility, activity and sensory perception), and the second 
parameter assesses tissue tolerance by determining moisture, shear, nutrition status, 
perfusion, and tissue oxygenation [46, 96].

The Braden Q scale includes six original subscales of the Braden scale (mobility, 
activity, sensory perception, moisture, nutrition, and friction and shear), and an 
additional subscale (tissue perfusion and oxygenation) that also considers the clinical 
characteristics of pediatric patients, such as the use of a transpyloric or gastric tube 
feeding catheter, blood pressure, oxygen saturation, hemoglobin quantification, 
blood pH, capillary refill, and use of non-invasive technology in intensive care [97].

Each subscale is rated from 1 (at risk) to 4 (low risk). The sum of the ratings 
gives a total score (possible range, 7 to 28), with lower scores indicating higher risk 
of developing PUs. The authors of the scale proposed the following risk classifica-
tion based on total scores: high risk, 16 or less; moderate risk, 17 to 21; low risk, 22 
to 25; and no risk, above 25 [45]. PU prevention programs should include at least a 
full skin assessment and administration of the Braden Q scale within the first 24 h 
of admission. The authors recommend that this procedure be repeated daily on all 
patients who score 16 or less, are on bed rest or chairfast, or who has a change in 
clinical condition [97].

In the original study, the Braden Q scale was administered to 322 pediatric ICU 
patients, showing 83% sensibility and 58% specificity with good predictive power 
[45, 46]. A score of 16 or less indicates increased risk for pressure-ulcer develop-
ment [46]. The validity of the scale has also been tested by several studies con-
ducted in different populations; these studies reported sensitivity ranging from 0.88 
to 0.98 and specificity ranging from 0.58 to 0.99 [94].

The Braden Q scale was applied in the UK to children from 3 weeks to 8 years 
of age, without congenital heart disease, and showed sensitivity of 100%, specificity 
of 73.1%, PPV of 2.56, NPV of 100 and AUC of 0.87 (95% IC, 0.75–0.98). When 
the scale was applied to older children or children with congenital heart disease, 
values of sensitivity and AUC were reduced and confidence intervals were extended, 
showing lower limits <0.5. The Braden Q scale had a sensitivity of 75%, specificity 
of 72.6%, PPV of 1.5, NPV of 99.8 AUC of 0.74 (95% CI, 0.49–0.98) when applied 
to children 14 years of age [98]. In a recent study conducted in China, values of 
sensitivity of 71% and specificity of 53% were obtained for a cutoff of 19. The AUC 
for the Braden Q Scale items ranged from 0.543 to 0.612 [99]. The Turkish version 
of the scale had a Cronbach’s alpha of 0.80 for the total score, with alpha ranging 
from 0.72 to 0.82 among the subscales. According to ROC analysis, sensitivity was 
high (AUC  =  0.95, p  <  0.001) for all subscales, and high levels of specificity 
(AUC = 52.8, p < 0.001) were observed [95].

The Braden Q scale was cross-culturally adapted and validated to Brazilian 
Portuguese by Maia and colleagues in 2007 [96] confirming the internal 
consistency (Cronbach’s alpha = 0.936), intra-observer agreement (ICC = 0.995) 
and inter- observer agreement (ICC = 0.998) of the original scale. The Colombian 
Spanish version of the Braden Q scale was validated in 100 patients, of whom 57 
were hospitalized in a pediatric intensive care unit (PICU) and 43  in an 
intermediate intensive care unit (IICU) [93]. The scale showed sensitivity of 
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90%, specificity 60.8%, PPV of 66.6%, NPV of 87.5% and efficiency of 74.4% 
for PICU patients, while its application in the IICU yielded sensitivity of 80%, 
specificity of 96.1%, PPV of 66.6%, NPV of 98%, and an efficiency of 94.7% for 
correctly classifying patients [93]. These predictive validity values are consistent 
with those reported for the Braden Scale at cutoff scores from 16 to18 in different 
adult populations treated in tertiary level care settings (as described in the 
previous segment).

 Neonatal Skin Risk Assessment Scale (NSRAS)

Huffiness and Logsdon [100] developed the Neonatal Skin Risk Assessment Scale 
(NSRAS) specifically for the neonatal population (≤21  days old) based on the 
Braden Scale for adults [101]. Initially, six subscales (general physical condition, 
activity, nutrition, mental status, mobility, and moisture) were created for neonates, 
but three subscales (mental status, mobility, and moisture) had low reliability and 
were later removed from psychometric evaluation. General physical condition is 
evaluated according to the gestational age. The remaining subscales showed sensi-
tivity of 83%, specificity of 81%, reliability of 97%, PPV of 0.50, and NPV of 0.95 
for a cutoff point of 5 [100]. Although the mental status, mobility and moisture 
subscales were removed, the use of the total instrument is recommended because of 
the importance of these items in the etiology of PUs and the fact that they are con-
sidered essential in determining skin breakdown [19]. The following risk classifica-
tion was defined based on total scores: low risk, 29 to 26; moderate risk, 25 to 21; 
and high risk, ≤20 [100, 102]. Recently, Herrera et al. [93] applied the NSRAS to 
47 newborns from a neonatal ICU, obtaining 93.3% sensitivity, 75% specificity, 
63.6% PPV, 96% NPV and 80.8% efficiency. Dolack et al. (2013) [19] tested the 
scale in newborns in most modern environmental conditions, using incubators with 
moisture control that allows reduction of transepidermal losses, which will proba-
bly have an impact on the predictive measures of the scale. However, the final results 
have not been published to date.

 Neonatal Skin Condition Scale (NSCS)

The NSCS scale was developed by the Association of Women’s Health, Obstetric 
and Neonatal Nurses (AWHONN) in collaboration with the National Association of 
Neonatal Nurses (NANN) in 2001 to provide evidence-based guidelines for neona-
tal skin care [19]. Lund and Osborne [103] applied the instrument in 2820 children 
from 51 neonatal ICUs and well-baby nurseries in 27 US states, and concluded that 
higher scores were associated with increased risk of systemic infection, prolonged 
hospital stays, and an increased risk of skin breakdown. The NSCS is a very basic 
scale, assessing only dryness, erythema and excoriation, and is recommended for 
children weighing more than 1000 μg. No further studies on the NSCS scale were 
found in the literature to date.
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 Final Considerations

Prevention of PUs requires a better understanding of all aspects involved in the 
development of these lesions by health professionals, as well as attitudes toward 
ethical care, and adoption of best practices, including the search for adequate 
resources.

This chapter covered one of the most important strategies for PU prevention, 
included as a recommendation in guidelines of international agencies, such as the 
NPUAP, EPUAP and PPPIA. Some of the described scales already show evidence 
of their predictive ability, requiring increased research to determine the most appro-
priate cutoff points, according to the characteristics of the patient being assessed 
and resources available in different institutions and different countries. Moreover, 
further studies evaluating the outcome of the care provided by risk-adjusted pro-
grams and cost-effectiveness of new products, techniques and equipment for the 
prevention of these injuries are also necessary [104].

New alternatives of risk assessment scales for pressure ulcer have been studied 
by professionals according to their needs, such as: a scale to assess the risk of surgi-
cal positioning injuries in adult patients [105]; a Bayesian predictive model from 
medications, diagnosis and Braden scale features that identifies known and sus-
pected high PU risk factors, and also substantially increases sensitivity of the pre-
diction - nearly three times higher comparing to logistical regression models [106]. 
Both tools need more research to confirm their reliability and validity for clinical 
use.

A longitudinal, six-month cohort study evaluated the validity of the Braden and 
EMINA scales, selecting quantitative cutoffs to differentiate the risk of pressure 
ulcer in home-based care patients. The new cut-off points according to the present 
study are established for Braden: zero risk, 23; low risk, 16–22; moderate risk, 
11–15 and high risk ≤10, being for EMINA: zero risk, 0; low risk, 1–6; Moderate 
risk, 7–11, and high risk, 12–15 [107].

It is important to identify areas where the knowledge of the professionals 
involved in patient care appears to be deficient, as this may guide the planning of 
strategies for the dissemination and adoption of preventive measures by the team 
[108]. Although several strategies can be used to improve the level of knowledge of 
health professionals, it is mandatory to identify personal and institutional barriers 
that hinder the achievement of the proposed goals [109].

The risk assessment tools (RAT) or pressure ulcer risk assessment scores 
(PURAS) are widely used across all healthcare settings to help clearly identify 
patients prevention strategies should be targeted towards. NICE recommends that a 
validated tool is used to support clinical judgment when assessing risk and the inter-
national guidelines (National Pressure Ulcer Advisory Panel (NPUAP), European 
Pressure Ulcer Advisory Panel (EPUAP) and Pan Pacific Pressure Injury Alliance 
(PPPIA] and to have caution of ‘do not rely on a total risk assessment tools score 
alone as a basis for risk prevention subscales and should be other risk factors 
 examined to guide risk-based planning’.
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There is much discussion around the utility of RATs. In a Cochrane review of 
RAT, Moore and Cowan concluded that there is no reliable evidence to suggest that 
use of structured systematic PURAS reduces the incidence of pressure ulcers [110].
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Health Related Quality of Life (HRQOL) 
Implications for People with  
Pressure Ulcers

Trudie Young, Katia Furtado, and Paulo Alves

 Introduction

There is no doubt whatsoever that pressure ulcers impact heavily on patient morbid-
ity, mortality, and quality of life [1]. Pressure ulcers are a public health problem that 
causes suffering and decreased quality life for individuals and their caregivers [2, 3]. 
The results of a systematic review confirm that pressure ulcers significantly affect 
HRQOL. Pain was identified as a major concern but other pressure ulcer symptoms 
and interventions, together with healthcare environment all contributed to reducing 
HRQOL [1]. In relation to healthcare provision the absence of pressure ulcers is 
considered an indicator of quality care delivery [4, 5].

The concept quality of life is still indefinite, it is associated with an individual’s 
perspective on life satisfaction regardless of the time in life, the location or situation 
and may change over time. The World Health Organization, Working Group on 
Quality of Life (WHOQoL), refers to the perception of the individual in relation to 
their position in life, within the context of culture and systems values that are related 
to their goals, expectations, standards and concerns. Price and Harding [6], consider 
that for the majority of individuals with chronic wounds the main focus of treatment 
is often complete healing, with the aim of achieving the healed state as quickly as 
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possible. However for some individuals healing may not be a realistic expectation, 
in which case quality of life and symptom management become increasingly 
important.

 Health Belief Model

There are many theories and subsequent models that attempt to provide an explana-
tion and framework to enlighten health related actions. The Health Belief Model is 
an example of a theory based on the principle that individual’s health related behav-
iour is influenced by their belief regarding the severity of the illness, which is often 
stimulated by the onset of disease. The model takes into account the wider issues 
such as cost and benefit of following a specific course of action involving preventa-
tive and treatment pathways and subsequent concordance. The main criticism with 
the model is that is based upon the premise of rational behaviour rather than on the 
more subjective elements of human behaviour such as emotional responses to health 
related situations [7].

 Measurement of HRQOL

The measurement of HRQOL provides an insight into the impact of disease on an 
individual [8]. There exists a plethora of scales/tools that attempt to measure 
HRQOL. The tools differ mainly in the content specific to the four domains whilst 
acknowledging the pillars of emotional, physical, psychological and social well- 
being. Each domain has indicators that can be assessed e.g. self-esteem, anxiety 
and depression, physical ability and the ability to function in social roles [7]. 
According to Price [9], different researchers have developed models of HRQOL 
based on different domains. For Fallowfied, HRQOL is a multidimensional con-
struct that encompasses four primary domains (variables): psychological; physi-
cal; social and role functioning; and issues relating to well-being [10]. Others 
have proposed up to six domains, while Todd [11] recommended only three 
domains, physical, social and psychological, sufficient to describe the impact of 
disease on patients.

HRQOL scales can be generic or disease specific. A common generic scale that 
has been used to measure HRQOL in tissue viability is the Short Form 36. The 
Barthel Index although not a HRQOL tool rather it’s a measure of functional inde-
pendence is also used and focusses on the activities of daily living. The generic 
aspect of these tools can result in a failure to establish if differences exist between 
individuals with pressure ulcers and those without, therefore using them in combi-
nation has been suggested as a way of overcoming this limitation [12, 13].

There has been growing interest and importance placed upon patient reported 
outcome measures (PROMs) [14]. Gorecki et al. [15] following a systematic review 
of the literature combined with patient interviews, developed a conceptual frame-
work that populated four HRQOL domains (symptoms, physical functioning, 
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psychological well-being and social functioning) with 13 pressure ulcer specific 
sub-domains (pain and discomfort, exudate, odour, mobility daily activities general 
malaise, sleep, mood, anxiety and worry, self-efficacy and dependence, appearance 
and self-consciousness, social isolation and participation).

 The Impact of Pressure Ulceration on the Individual’s  
Quality of Life

It is often difficult for both healthcare professionals and individuals to establish if it 
is the pressure ulcer itself or co-morbidities that are having a detrimental effect on 
an individual’s HRQOL [16]. Pressure ulceration is a complication of ill health 
whether it is acute or chronic disease process. Franks, Winterberg and Moffatt iden-
tified 14 co-morbidities in a cohort of 75 patients with pressure ulcers including 
acute, chronic, and life limiting conditions e.g. fractured neck of femur, chronic 
heart failure and cancer [13]. A time component can further complicate the ability 
to tease out the specific effects on HRQOL attributed to pressure damage with acute 
illness taking precedence over pressure damage whereas the impact of the develop-
ment pressure ulceration in individuals with chronic conditions caused major 
impairment and difficulty [8]. The situation is further complicated by elderly indi-
viduals who may be confused and cognitively impaired and as such are unable to 
provide objective information. Whittington [17] found that the majority of people 
with pressure ulcers were more than 65 years old.

The impact of pressure ulcers on HRQOL is substantial, causing pain and dis-
comfort and affecting sleep, rehabilitation, mobility, and psychological, physical 
and social aspects of people lives [18–20]. However, pressure ulcers usually develop 
as a consequence of some other factors which cause restrictions in sleep, mobility 
and other dimensions, which put the individual at risk of pressure ulcer develop-
ment. Thus, it is important to gain better understanding of the complex relationship 
among the various factors that affect HRQOL. In addition, the intensive treatment 
required for managing pressure ulcers is associated with significant treatment bur-
den, which further impacts HRQOL outcomes [18, 19]. The literature shows that 
pressure ulcers have a negative impact in all domains of quality of life [21]. The 
major concerns identified relate to severe and constant pain, and negative impact on 
physical, psychological and social needs.

Patients often describe constant pain associated with pressure ulcers, which 
includes pain in general, during dressing change, and when under medical devices 
for reduction/relief of pressure [18, 21, 22]. Pain was an ever-present feature in the 
phenomenological study done by Hopkins [16] in patients with pressure ulceration, 
in which the pain was said to be endless, constant and caused by the treatment and 
equipment used in the management of pressure ulceration. Health professionals 
tend to underestimate pain and most of the times the analgesia is insufficient to 
relieve pain [16, 18, 23]. Some patients don’t even complain about their pain and 
attribute their pain to their age and other co-morbidities. It’s a debilitating situation, 
responsible for physical and social restrictions, namely in performing daily life 
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activities, participating in social activities and sleeping. Patients tend not to move as 
they know that movement will cause more pain [16].

Exudate and odour are causes of innumerous problems, such as family and social 
isolation, pain and physical restrictions Wound odour is a very distressing symptom 
and impacts greatly on quality of life, causing feelings of embarrassment and 
depression [21, 24, 25].

The effects of immobility are significant in people with chronic ulcers [26–28]. 
Pressure ulcers reduce drastically physical activity, often confining the person to a 
wheel chair or bed and delay their rehabilitation [15, 18, 29]. Unlike leg ulcers, 
pressure ulcers result in physical lifestyle changes, adapted living environments, 
and eventually could lead to hospitalization [15, 18].

A change in body image is clearly a problem for patients with pressure ulceration 
[18, 21]. The incapacity of maintaining hygiene affects their well-being. It’s fre-
quently the sensation of being dirty or smelling, due to the pressure ulcers, which 
can lead to family and social isolation behaviours. Fox [21] identified that pressure 
ulceration produced altered and negative body image and fear. This is understand-
able due to the tissue death and scarring resulting from pressure ulceration. Pressure 
ulcer interventions cause substantial burden to patients, with consequences includ-
ing loss of appetite, feeling powerless and other emotional problems such as low 
mood, hopelessness and anger [18, 30]. Individuals have verbalized a sense of pow-
erlessness and worthlessness [16].

Nurse visits restrict patients’ lives and reduce their ability to remain involved in 
their social activities [16]. Patients report that the physical restrictions imposed by 
the pressure ulcers and by treatment, including hospitalization, restricted their social 
life [18, 21].

 Influence of Pressure Ulcers on Patients, Family and Healthcare 
Professionals

Pressure ulcers affect the quality of life not only of the individuals but also of fam-
ily, carers and associated healthcare professionals. Living with an ulcer brings sev-
eral changes to people and their families e.g. by restricting the lives of the individuals 
and that of their carers [16]. This was also highlighted by Baharestani [31], in wives 
caring for elderly housebound husbands with deep pressure ulcers. The fragility of 
the wives was evident along with limited social support systems for the carers.

For clinicians, caring for individuals with pressure ulcers, there is no doubt that 
having such wounds may impact on the individuals’ HRQOL. Clinicians generally 
accept that a pressure ulcer will have some impact on patients’ quality of life and 
may even make assumptions about what it must be like to experience a pressure 
ulcer. Healthcare providers should be acutely aware of and sensitive to the impact of 
pressure ulceration on quality of life. Gorecki [8] used semi-structured interviews 
with individuals with pressure ulcers (n = 25) to identify many contributory factors 
that interplay with HRQOL outcomes that included experience of care received e.g. 
variations in care, relationships with healthcare professionals.
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Individuals have claimed that the language used by nurses to describe their 
pressure ulcers (they were not able to see the ulcer in certain anatomical loca-
tions) as horrific [20]. In addition there is an underestimation by medical and 
nursing staff of the impact of pressure damage on individuals HRQOL, specifi-
cally the amount and impact of the pain associated with the pressure ulceration 
[16, 19, 20]. For individuals with pressure ulcers the vulnerability, fear and depen-
dency experience is not easily shared with others and is often invisible and over-
looked by healthcare professionals. On the other hand there is the paradox that 
even people with disabilities report that they have a good quality of life [32, 33], 
contrary to the general perspective of the healthcare professionals who tend to 
assume that people with disabilities have a low quality of life, regardless of report-
ing otherwise [34].

Attributing blame can be perceived as part of the social processes used by indi-
viduals to understand, cope and live with a condition that is felt to be beyond their 
control [35]. Spilsbury et al. [20], used qualitative semi-structured interviews with 
23 hospital in-patients, the results showed that all participants attributed blame for 
pressure ulcer development. Three reasons for apportioning blame were identified; 
some participants directed blame at their chronic condition, poor health, or loss of 
weight and appetite. Others specifically blamed healthcare professionals for failing 
to attach priority to their reports of an ulcer or delays in skin inspection; and a 
small number reported it was the actions of healthcare professionals that caused 
the ulcer.

Gorecki et al. [18] found that many patients had difficulty in accepting their pres-
sure ulcer, but others developed coping strategies and learned to accept the situa-
tion. The comparison with other situation worse than theirs, often led participants to 
an acceptance of their situation as fatalism [16].

Patients with pressure ulcers are usually very passive about asking justifications 
related to pressure ulcer intervention [36]. However, patients express desire to be 
involved in decisions about their wound care and want help from health profession-
als to become independent [18]. Difficulties often arise when the patient, the family 
and the healthcare team are not prepared to deal with or understand all of the aspects 
involved in the problem [37].

In theory aggressive prevention strategies can potentially cause more suffering 
than benefits. Preventing pressure ulceration in patients who are dying can be 
impossible due to skin failure [38]. It’s important to establish, what is the priority, 
comfort versus prevention. Nevertheless, there is a need to minimize the negative 
impact of prevention interventions in the decrease of the quality of life of the 
patient (24).

 Financial Implications

Pressure ulcers can play an important role in patients’ trajectories from illness to 
full recovery, they are perceived to increase hospital stays, costs and result in 
dependency associated with on-going treatments [20]. Beside financial costs to 
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individuals and their families, other indirect costs can be enumerated as time lost 
from work, forced early retirement and other expenses associated with morbidity 
and mortality.

 Education

Alves et al. [39] highlight the contribution of healthcare professionals in the preven-
tion of complications and maintenance of pressure ulcer with person’s quality of life 
through prevention strategies and the development of educational strategies for 
caregivers. The level of education is certainly an important factor in relation to self- 
care and is sometimes a hindrance for treatment. Edwards [40] questioned if educa-
tion could influence healing rates and found that patients who had knowledge of 
pathophysiology of ulcer formation had more commitment in maintaining treat-
ment. These results suggest that health education sessions can promote concordance 
to treatment and therefore improve HRQOL of patients with chronic wounds. 
However, success is not always achieved, as not all prevention depends directly on 
the actions of healthcare professionals; there is the influence of contributing factors 
such as malnutrition, global deterioration of health and palliation as well as short-
ages of professionals and prevention material. This leads to demotivation and frus-
tration of informal caregivers as well as healthcare professionals. As even with the 
implementation of all strategies and the provision of material resources for preven-
tion, pressure ulceration will continue to develop.

 Organisations

Organisations have an important role in education, research and in providing mate-
rials for patients that can be adapted for ethnically diverse populations. Pressure 
ulcer prevention as a quality indicator has driven institutions to promote pressure 
ulcer prevention. The international consensus [41] on well-being highlighted the 
importance of organisations in ensuring the well-being of their employees, to enable 
them to care for the wellbeing of others [37].

 Conclusion

HRQOL is a dynamic multifactorial and patient-centered concept which aims to 
establish the emotional, psychological, physical and social impact of diseases, 
symptoms, complications and treatments on an individual. A main objective of 
health care is to improve the quality of life. Assessment of HRQOL is considered 
subjective in nature due to the personal nature of the experience that can vary 
over time. HRQOL can be measured by directly asking the person themselves or 
through the use of patient-reported outcome measures (PROMs), rating scales 
and pressure ulcer specific HRQOL assessment tools [42, 43].

When comparing individuals with pressure ulcers to those without ulceration, 
there is evidence of a significant impact of the disease on the physical, social and 
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psychological aspects of their life. In addition they have to live with the symptoms 
of the disease, general health problems, care interventions, high rates of 
depression and a low quality of life [18, 30, 44]. The challenge in these patients 
is attempting to tease out the factors that are likely to be influenced by the 
ulceration while acknowledging the broader holistic problems they encounter 
[45]. Nevertheless, it is possible to improve quality of life of these patients, by 
adopting best practice and appreciating the individual’s perspective and opinion. 
Education also assumes an important place in improving the quality of life of 
people with pressure ulcers.

HRQOL data assists clinicians and organisations in determining and subse-
quently planning to meet individual health needs. Healthcare professionals have 
a responsibility to assess and manage the impact of pressure damage on the 
HRQOL of an individual alongside traditional diagnostic and treatment options.
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Incontinence-Associated Dermatitis 
(IAD) and Pressure Ulcers: An Overview

Dimitri Beeckman

 Introduction

Urinary incontinence is a global health problem affecting 8.2% of the 2008 world 
population (4.3 billion). By 2018, numbers will increase up to an estimated 423 mil-
lion individuals being affected with urinary incontinence (21.6% of the population) 
[1]. Fecal incontinence is also common in men and women aged 65 and older, with 
a 17% incidence rate over 4 years. Fecal incontinence and urinary incontinence may 
share common pathophysiologic mechanisms and need regular assessment in older 
adults [2]. Incontinence is a debilitating disorder (physically, emotionally, socially 
and psychologically) and has an important impact on quality of life [3]. Not only 
patients are affected, but also their caring family, relatives and friends, professional 
caregivers and the society [1, 3].

Together with incontinence, the appearance and function of the skin are altered 
with aging, resulting in higher rates of skin complaints. One of the most common 
skin complaints associated with incontinence and ageing is incontinence-associated 
dermatitis (IAD) [4]. IAD is a type of irritant contact dermatitis that is associated 
with the prolonged exposure of the skin to urine or faeces [5]. IAD is often associ-
ated with skin redness, rash, or vesiculation [6].

There is a small but growing body of evidence that provides insight into the defi-
nition, epidemiology, etiology, and pathophysiology of IAD. The past decade has 
seen a growth in publications focusing on IAD and the differentiation between IAD 
and pressure ulcers. Today, IAD as a skin disorder seems to be more and more 
accepted in clinical practice and research worldwide, as indicated by an increasing 
number of PubMed entries since 2006 [6].
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It is a daily challenge for healthcare professionals in hospitals, nursing homes and 
the community to maintain a healthy skin in patients with incontinence [7, 8]. 
Clinicians need to be vigilant both in maintaining optimal skin conditions and in 
diagnosing and treating minor cases of IAD prior to progression and skin breakdown 
[9, 10]. Patients with IAD can experience discomfort, pain, burning, itching or tin-
gling in the affected areas. In addition, the development of IAD can result in an 
undue burden of care, loss of independence, disruption in activities and/or sleep, and 
reduced quality of life, worsening with frequency and quantity of soiling [11, 12].

 Definition and Terminology for Incontinence-Associated 
Dermatitis

In 2007, IAD was defined by an international expert panel as skin inflammation 
manifested as redness with or without blistering, erosion, or loss of the skin barrier 
function that occurs as a consequence of chronic or repeated exposure of the skin to 
urine or fecal matter [13]. The terminology to describe skin problems associated 
with incontinence is diverse, and currently more than 18 terms are used in the litera-
ture. In the International Statistical Classification of Diseases and Related Health 
Problems (10th Revision Version for 2007) (ICD-10), the World Health Organization 
(WHO) classifies incontinence-related skin problems as ‘Diseases of the skin and 
subcutaneous tissue’ (Chapter XII, L00-L99) in subcategory ‘Dermatitis and 
eczema’ (L20-L30). The current version of the ICD-10 contains coding for diaper 
dermatitis but does not contain separate coding for IAD [11, 14].

The term used to classify incontinence-related skin problems used in the Medical 
Subject Heading Terms database of the US National Library of Medicine (MeSH 
database) is diaper rash. Diaper rash is defined as a type of irritant dermatitis local-
ized to the area in contact with a diaper and occurring most often as a reaction to 
prolonged contact with urine, faeces, or retained soap or detergent [15]. As IAD 
occurs frequently in geriatric care settings, the use of the terms ‘diaper rash’ might 
not be appropriate for adult persons. In the North American Nursing Diagnosis 
Association (NANDA), IAD is not mentioned [16].

In international literature, no common terminology is used to indicate the pres-
ence of incontinence associated skin problems. The terminology focuses on a 
description of the skin (e.g. skin maceration), the cause of the irritation (e.g. mois-
ture lesion, incontinence lesion and incontinence dermatitis), the location of the 
skin problem (e.g. perineal dermatitis) or the material causing the skin problem (e.g. 
diaper dermatitis) [8, 15].

Currently, IAD is considered a part of a broader group of skin conditions that are 
referred to as moisture-associated skin damage (MASD) [17]. MASD is used as an 
umbrella to cover damage of the skin caused by different types of moisture sources, 
including urine or faeces, perspiration, wound exudate, mucus, and saliva. The most 
common forms of MASD are IAD, intertriginous dermatitis, periwound moisture- 
associated dermatitis, and peristomal moisture-associated dermatitis [17]. The term 
IAD is preferred over the more general term MASD as it distinguishes the skin 
problem directly with the urine and/or fecal incontinence and not with other 
conditions (such as perspiration or wound exudate).
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 Etiology and Pathophysiology of Incontinence-Associated 
Dermatitis

The etiology of IAD is complex and related to both recurrently chemical and physi-
cal irritation of the skin barrier, triggering inflammation and subsequent skin dam-
age [6]. Some studies provide insights into time of IAD onset. Bliss et  al. [18] 
reported that the median time to onset of IAD was 13 days (range 6 to 42 days, 
n = 981 nursing home residents). In 2011, Arnold-Long et al. [19] reported a time to 
onset of 13.5 days with a range of 3–25 days. In an intensive care study (2011), 
Bliss et al. [20] found a median time to onset of IAD of 4 days (range 1–6 days, 
n = 45 critically ill patients). The development of IAD is attributable to multiple 
factors having a negative impact on the skin barrier function, including [6, 15, 21]:

• Chemical irritants in incontinence (such as the digestive intestinal enzymes pro-
tease and lipase);

• Changes in the skin surface pH;
• Associated microorganisms (such as the Candida Albicans causing fungal 

infections);
• Repeated skin cleansing activities;
• An occlusive perineal environment (due to the use of incontinence pads);
• Mechanical factors such as friction.

The IAD pathophysiology is summarized in Fig. 7.1.
In particular older patients are affected by IAD as the ageing process is associ-

ated with a decline of cell replacement in the skin, compromised barrier function 
and mechanical protection, delayed wound healing, decreased sweat and sebum 
production, and reduced content of natural moisturizing factors and lipids [4].

 The Stratum Corneum (SC) and the Barrier Function of the Skin

The outermost layer of the epidermis, the stratum corneum (SC), is responsible for 
the biomechanical barrier function of the skin. The SC is continuously renewed 
and comprises between 15 and 20 layers of flattened skin cells (corneocytes). The 
number of layers (and so the thickness of the stratum corneum) depends on the skin 
area [22]. Corneocytes comprise keratinocytes in the epidermis and contain a vari-
ety of components, such as proteins, sugars and other substances that together are 
known as natural moisturising factor (NMF). NMF comprises filaggrin proteolysis 
and includes water-soluble, hygroscopic molecules that are mainly located in the 
corneocytes. The NMF supports skin hydration and leads to an effective and flex-
ible barrier [22]. The SC is adversely transformed with age [23, 24]. The main 
reasons are:

• the keratin filaments within the corneocytes are prone to crosslinking;
• the amount of intercellular lipids decreases resulting in fewer lipid bilayers;
• the rate of corneocytes turnover decreases.
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Prolonged exposure to moisture from incontinence leads to SC damage. 
Hyperhydration of the keratinocytes and disruptions of the intercellular lipid bilayers are 
caused by excessive skin surface moisture [25, 26]. As a result, the corneocytes swell 
and the thickness of the SC increases. Furthermore, lipases and proteases from the 
gastro-intestinal tract (in case of faecal incontinence) attack the SC proteins and lipids.

 The Impact of pH on the Barrier Function of the Skin

The pH plays a fundamental role in the barrier function of the skin, the SC cohesion 
and in regulating the resident bacteria on the skin [22]. The healthy skin surface is 
acidic with a pH of 4–6 [27]. An increase of the skin pH will increase swelling of 
the SC, will cause the skin to be more permeable, will increase the risk of bacterial 
colonization (and thus cutaneous infections), will alterate the lipid rigidity and will 
reduce the skin barrier function. Furthermore, it increases the activity of lipid pro-
cessing enzymes, resulting in abnormal lipid processing [27]. Lipolytic (lipid 
digesting) and protolytic (protein digesting) enzymes in faeces significantly increase 
the risk of damaging the SC. Liquid faeces have an even more damaging effect 
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compared to formed stool as they tend to have significant more digesting enzymes 
[13]. In the latest expert opinion document by Beeckman et al. [11] the experts con-
cluded that enzymes are even more active in a higher pH environment. This may 
explain why patients with mixed incontinence (urinary and fecal) may experience 
more skin problems linked with their incontinence [11].

Excessive skin surface moisture itself (or hyperhydration) does not alter the skin 
surface pH [28]. However, the chemical process of urease transforms the urea in the 
urine into ammonium; thus eventually increasing the skin surface pH [29].

 External Factors Increasing the Risk of Incontinence-Associated 
Dermatitis Development

A reduced skin barrier function and additional occlusive skin conditions (caused by 
diapers and/or incontinence pads) may further facilitate the degeneration of the SC 
infiltration by and other irritants and microorganisms (such as the Candida Albicans) 
[15, 21]. In addition, frequent incontinence episodes (requiring frequent skin cleans-
ing) will lead to the chemical irritation because of the repeated use of water and skin 
cleansing agents. Furthermore, the use of washcloths for skin washing and towels 
for drying will to physical irritation [15, 22]. Reduced mobility and limited ability 
to move independently in bed and chairs causes friction and shear loads in the SC 
and the epidermis diminishing the strength of the epidermal barrier further [22].

 Prevalence and Incidence of Incontinence-Associated 
Dermatitis

Prevalence and incidence figures for IAD that are internationally comparable are miss-
ing. The prevalence varies between 5.6 and 50%, and incidence between 3.4 and 25% 
[14]. In many countries, the precise number of patients affected by IAD is even unknown. 
The lack of an ICD-10 coding for IAD an internationally validated and standardized 
method for IAD data collection contribute to the wide variation in prevalence and inci-
dence figures [11]. Besides, variation is caused by the complexity of recognising the 
condition and distinguishing it from other skin lesions (such as superficial pressure 
ulcers) [30–32]. This finding clearly indicates that a standardisation in outcome defini-
tion and methods in epidemiological and clinical IAD research is urgently needed.

 Risk Assessment and Risk Factors for Incontinence-Associated 
Dermatitis

Comparable to the domain of pressure ulcers, researchers attempted to develop 
tools to assess the risk of patients to develop IAD [33, 34]. Different from pressure 
ulcer risk assessment tools (such as the Braden, Waterlow, Norton tool), IAD 
assessment tools are not widely used by clinicians. In the expert opinion document 
(2015) [11], the panel of experts does not recommend the use of a separate risk 
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assessment tool for IAD; although awarness of key risk factors for IAD is needed. 
Besides, the panel pointed out that the previously mentioned pressure ulcer risk 
assessment tools are not designed for IAD, nor do they adequately predict risk of 
IAD development [11].

Essentially, all patients with urinary and/or fecal incontinence are at risk of 
developing IAD. Besides, following additional factors will increase the risk of IAD 
development in incontinent patients: frequent episodes of incontinence (especially 
faecal), the use of occlusive containment products, poor skin condition (e.g. due to 
aging/steroid use/diabetes), reduced mobility, diminished cognitive awareness, 
inability to perform personal hygiene, pain, increased body temperature (pyrexia), 
certain medications (antibiotics, immunosuppressant), poor nutritional status, and 
critical illness. Although increased age is associated with higher prevalence of 
incontinence, age does not appear to be an independent risk factor for IAD [8, 22]. 
More research is needed in this domain.

 Observation of Incontinence-Associated Dermatitis

The diagnosis of IAD is based on visual inspection of the perineal and perigenital 
skin. Typical locations for IAD to occur are the perianal and sacrococcygeal areas, 
the thighs and the buttocks [14]. IAD only occurs in skin areas being exposed to 
urine and/or faeces [11, 14]. If similar skin damage occurs in areas that not have 
been exposed to urine or faeces, another type of MASD should be considered (inter-
triginous dermatitis, periwound moisture-associated dermatitis, and peristomal 
moisture-associated dermatitis).

In patients with light skin tones, early signs of IAD are erythema (ranging from 
pink to red) and a whitened appearance and slight swelling of the surrounding skin 
(indicating maceration). Evidence points out that the appearance of erythema is 
strongly associated with skin maceration in older incontinent patients [22, 35]. In 
patients with darker skin tones, the skin looks paler, darker, purple, dark red or yellow.

In both patients groups (light skin tones and darker skin tones), the affected area 
has poorly demarcated edges and may be patchy or continuous over large areas. 
Because of the underlying inflammation, areas of IAD where skin is intact may feel 
warmer and firmer than surrounding unaffected skin.  Lesions including vesicles or 
bullae, papules or pustules may be observed. The epidermis may be damaged to 
varying depths; in some cases the entire epidermis may be eroded exposing moist, 
weeping dermis [8, 11, 14] (See Fig. 7.2).

An inflamed and eroded skin has a high risk for secondary infection [6]. Candida 
Albicans is the most frequent fungal infection in geriatric IAD patients [6]. In 2007, 
Junkin and Selekof [21] found that 18% of 198 hospitalized patients with urinary, 
fecal or double urinary and fecal incontinence had evidence of IAD with secondary 
cutaneous candidiasis based on visual inspection. Clinical signs are punctuate 
pustules and satellite lesions spreading around the IAD area. Bacterial infections 
may also occur in the course of IAD. In 2014, Campbell and Coyer [36] found that 
32% of patients with IAD had a rash indicative of a fungal infection.

IAD observation is complex and different stages of severity are described [14, 
22]. IAD severity can range from intact skin (with different levels of erythema), 
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maceration and swelling, disappearance of the skin structure and erosions, eventually 
leading to cutaneous wounds.

A study in 2015 pointed out that pain is an essential characteristic of IAD, espe-
cially occurring during skin cleansing activities [12]. Pain can range from tingling, 
over itching and burning [12]. During the last years, a series of IAD classification 
tools and scores have been published and tested regarding psychometric properties. 
In 2015, Clarke-OʼNeill et al. [37] concluded that the existing IAD instruments are 
too time-consuming and linguistically complex for use in routine clinical practice in 
nursing homes. The research also concluded that observation with an instrument 
could be improved by adding reference photographs of skin illustrating the 
categories. In 2015 a simplified classification system consisting of three categories 
supported by photographs (including being “at risk”) was proposed:

• Category 0 = No redness and skin intact (at risk): Skin is normal as compared to 
rest of body (no signs of IAD)

• Category 1 = Red but skin intact (mild)—edema can be present
• Category 2 = Red with skin breakdown (moderate-severe)—edema, vesicles/

bullae/skin erosion, denudation of skin, skin infection can be present

Such a classification may be useful for documentation, clinical decision making 
and research purposes [6, 11]. However, further validation studies are needed before 
this tool can be introduced in practice.

 Incontinence-Associated Dermatitis and Pressure Ulcers

 Association Between IAD and Pressure Ulcers

Clinicians often experience difficulties to correctly identify IAD and to distinguish it 
from pressure ulcers (mainly erythema or up to the level of partial thickness skin loss) 
and other (moisture related) skin conditions [8, 38]. In healthcare systems where pres-
sure ulcer occurrence is used to assess the quality of care and is linked with reimburse-
ment and litigation, misdiagnosis of IAD as a pressure ulcer has potentially serious 

Fig. 7.2 IAD Category 2 
with poorly demarcated 
edges over a large area with 
clear signs of inflammation. 
The epidermis is damaged 
to varying depths; in some 
areas the entire epidermis is 
eroded exposing moist, 
weeping dermis. (Photo 
courtesy of D. Beeckman)
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implications [11, 39]. From a clinical point of view, we know that IAD frequently 
occurs in the absence of any causal factor for pressure ulcer development (pressure/
shearing forces on the skin and the underlying soft tissue) and that babies are fre-
quently affected with irritant diaper dermatitis (similar pathophysiological process for 
IAD) when their skin is exposed to prolonged wetness. The international guidelines 
for pressure ulcer prevention and treatment in 2014 [39] and the IAD best practice 
document in 2015 [11] underline the need to correctly diagnose pressure ulcers and to 
differentiate them from other skin lesions which occur in the same areas on the skin. 
Even though the clinical presentation of partial thickness pressure ulcers and IAD is 
similar, the underlying etiologic factors differ.

Pressure ulcers are localized injuries to the skin and/or underlying tissue, usually 
over a bony prominence due to the impact of mechanical forces (pressure and shear) 
[39]. Pressure ulcers can be divided in four categories: non-blanchable erythema 
(cat. I), partial thickness skin loss (cat. II), full thickness skin loss (cat. III) and full 
thickness tissue loss (cat. IV). IAD and pressure ulcers have different etiologies but 
may co-exist: IAD is a ‘top down’ injury, i.e. damage is initiated on the surface of 
the skin, while pressure ulcers are believed to be ‘bottom up’ injuries, where dam-
age is initiated by changes within soft tissues below and within the skin. The patho-
physiological and histopathological differences between IAD and pressure ulcers 
are largely understudied. Only in 2007, Houwing and colleagues [40] performed 14 
skin biopsies and concluded that an ischemic and irritation pattern emerged, in both 
pressure ulcers and IAD. However, the pattern of irritation appeared to be more 
associated with lesions that clinically fitted the description of IAD. Based on this 
small-scale study, the researchers concluded that there was no justification for the 
introduction of an (at that time) new diagnostic entity such as IAD. In a recent sys-
tematic review and meta-analysis by Beeckman et  al. [4] incontinence and IAD 
were found to be risk factors for pressure ulcer development.

Luboz et al. [41] relate this association between prolonged exposure to skin sur-
face moisture and irritants to changes of the mechanical skin properties of the skin 
and underlying tissue. They link the associated risk for pressure ulcer development 
with the increase of the coefficient of friction and tissue stiffness changes. 
Additionally, local inflammation will increase the temperature of the skin leading to 
further diminishing of the cutaneous resistance against tissue deformation. On the 
other hand, we know that category I and partial thickness skin lesions will increase 
the susceptibility for IAD development [6]. Research points out that determining if 
the inflammation of the skin in the buttock and sacral areas is primarily due to pres-
sure or irritation is difficult and confusing [8].

 Differentiation Between IAD and Pressure Ulcers

Multiple studies showed that pressure ulcer classification is difficult [8, 14] and that 
misclassification between pressure ulcers and incontinence associated dermatitis 
(IAD) frequently occurs [11, 42]. As previously mentioned, the differential diagno-
sis between pressure ulcers and IAD is mainly based on visual examination. 
Misclassification has significant implications for prevention, treatment, and for 
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reporting and benchmarking on quality of care. Classification skills are likely to 
benefit from education [38]. In 2005, Defloor and colleagues [42] published the 
EPUAP statement on the differentiation between pressure ulcers and IAD. In this 
statement, wound-related characteristics (causes, location, shape, depth, edges, and 
colour) and patient-related characteristics were defined to clarify the difference 
between a pressure ulcer and IAD. Based on this statement, an international working 
group of experts developed and tested the e-learning PuClas education tool (http://
www.puclas.ugent.be/puclas/), a world-wide used tool to learn and teach about 
pressure ulcer classification, translated in many languages. Currently a revised 
version of the tool (PuClas3, http://puclas3.ucvvgent.be/) is published and online 
available [43]. A summary of the PuClas guideline is provided in Table 7.1.

 Management of Incontinence-Associated Dermatitis

Management  (prevention and treatment) of IAD is a significant challenge for 
healthcare professionals. Delivering care that is based on state-of-the-art research is 
hampered by the absence of an internationally and inter-professionally accepted 
terminology, a standardized definition, high quality studies and national and inter-
national guidelines [6].

Both the prevention and treatment of IAD include the removal of occlusive con-
ditions, gentle skin cleansing, skin protection (e.g. “barrier products”), and the 

Table 7.1 Synthesis of the EPUAP position statement on pressure ulcer classification and IAD 
differentiation

Pressure ulcer
Incontinence-associated dermatitis 
(IAD)

Cause Pressure and/or shear must be present Moisture must be present (e.g. 
shining, wet skin caused by urinary 
incontinence or diarrhoea)

Location A wound over a bony prominence is likely 
to be a pressure ulcer

IAD may occur over a bony 
prominence. However, pressure and 
shear should be excluded as causes, 
and moisture should be present

Shape If the lesion is limited to one spot, it is likely 
to be a pressure ulcer

Diffuse, different superficial spots 
are more likely to be IAD

Depth Partial thickness skin loss and full thickness 
skin loss

Superficial (partial thickness skin 
loss)

Necrosis A black necrotic scab on a bony prominence 
is a pressure ulcer grade 3 or 4. If there is no 
or limited muscular mass underlying the 
necrosis, the lesion is a pressure ulcer grade 
4

No necrosis

Edges Distinct edges Diffuse or irregular edges
Colour If redness is non-blanchable, this is most 

likely a pressure ulcer grade 1
Blanchable or non blanchable 
erythema
Pink or white surrounding skin due 
to maceration
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application of therapeutic ointments like dexpanthenol, zinc, or antimycotics [6]. 
Although the number of studies about prevention and treatment of IAD is increas-
ing, the current evidence is still limited [44]. One reason is the use of many different 
and sometimes ill-defined outcome parameters in clinical studies [11]. As previ-
ously mentioned, reviews identified different operational definitions of IAD, the use 
of various clinical severity scales with varying numbers of categories, different bio-
physical skin barrier and appearance parameters (e.g. erythema, transepidermal- 
water loss, skin surface pH), bacterial loads to name but a few [15, 45, 46]. Skin 
surface interleukin levels, stratum corneum hydration, or skin surface roughness are 
other parameters recently used to characterize diapered skin and to measure 
intervention effects in infants and adults. Furthermore there are more than six pub-
lished clinical scores to measure the risk and/or the severity of IAD [8] but their 
usefulness as outcomes in clinical research is unexplored so far.

Prevention of IAD includes three strategies:

• skin cleansing to remove dirt, debris and microorganisms;
• skin moisturization to repair or augment the skin’s barrier, retain and/or increase 

its water content, reduce transepidermal water loss and restore or improve the 
intercellular lipid structure; and

• the application of a skin barrier product to prevent skin breakdown by providing 
an impermeable or semi-permeable barrier on the skin.

Recent studies and expert opinions recommend the application of a skin barrier 
product as an essential element of skin care to prevent or treat IAD. A wide range of 
creams, ointments, pastes, lotions and films is available as well as different skin 
barrier formulations such as petrolatum-based, dimethicone-based, zinc oxide–
based, or liquid film-forming acrylate. The terminology used to describe the proper-
ties of products is not standardized. Despite their widespread use, little is known 
about the efficacy and effectiveness of products from well-designed randomized 
controlled clinical trials. A number of studies compared the use and effect of differ-
ent types of skin regimens, but study design weaknesses are common.

Barrier products are necessary to protect the skin of patients who suffer urinary 
and fecal incontinence [6]. The presence of high moisture and corrosive enzymes 
from intestinal fluids can lead to devastating breakdown of the skin leading to 
denuding and erosion of the skin [14]. Current products which are used to protect 
the skin from these challenges include occlusive barrier ointments, creams, pastes, 
polymeric film formers and cyanoacrylates. Determining the relative performance 
of these barrier materials is difficult for clinicians and is generally anecdotal [11]. A 
wide variety of products and formulas with both moisturizing and barrier capacity 
exists. Skin protectants probably vary in the magnitude of protection from exposure 
to irritants, but we have inadequate evidence to rank these products based on their 
barrier function while preventing maceration of underlying skin [8]. In addition, we 
have inadequate evidence to determine the effect of the concentration of active 
ingredients [8, 14]. For example, dimethicone is classified as a non-occlusive emol-
lient and skin protectant, but some products contain 1% dimethicone, while others 
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contain 3% or 5% dimethicone. Because of these deficits in knowledge and clinical 
evidence, it is not surprising that product selection remains a challenge for clini-
cians when preventing and managing IAD.

Evidence on the effectiveness alone of skin care regimens to prevent or treat IAD 
are yet insufficient for policy making. Health care budgets are limited, hence policy 
makers are facing the problem how to set priorities in the allocation of health care 
resources to different treatment options. Knowledge on this can be obtained by per-
forming economic evaluations of health care interventions providing payers and 
regulatory bodies with better insights how to establish priorities within cost- 
constrained health care budgets. To date, there are limited cost-effectiveness studies 
with regard to IAD.

 Conclusion
To conclude, managing IAD can correctly be described as an important chal-
lenge for clinical practice and research. Too many patients suffer from it, and still 
too little effort is done to improve outcomes in these patients. Problems are 
mainly related to accurate observation, differentiation, and appropriate manage-
ment. Significant efforts, mainly in terms of education, are made to improve the 
differentiation between IAD and pressure ulcers. However, these efforts are 
mainly locally organised and they vary in term of intensity between organisations. 
A more general awareness about the association between IAD and pressure 
ulcers is needed. Tissue viability experts and incontinence specialists must play 
a leading role in developing this area.
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Microclimate: Rediscovering an Old 
Concept in the Aetiology of Pressure 
Ulcers

Michael Clark

 Introduction

The ‘state of the art’ in our understanding of the aetiology of pressure ulcers has 
been described in both editions of the International Pressure Ulcer guidelines [1, 2] 
in part produced by the European Pressure Ulcer Advisory Panel (EPUAP). However 
one key difference between these texts separated only by 5 years, is the inclusion of 
discussion upon the role of microclimate changes in the recent guidelines [2] that 
were not present in the earlier report of pressure ulcer aetiology [1].

The concept of microclimate is typically considered to reflect the combination of 
temperature and humidity or moisture acting at the skin surface at the body-support 
surface interface [3] and has emerged in the past five years as a new area for exploration 
when considering pressure ulcer development. However understanding that changes 
in skin temperature or humidity might influence pressure ulcer development are not 
new ideas, but rather reflect the rediscovery of views on pressure ulcer aetiology held 
thirty years ago. In the foreword to the proceedings of the first pressure ulcer 
conference to be held in the United Kingdom, Roaf [4] commented that ‘we know 
how to avoid bed sores and tissue necrosis—maintain the circulation, avoid long 
continued pressure, abrasions, extremes of heat and cold, maintain a favourable 
microclimate, avoid irritating fluids and infection. The problem is the logistics of this 
programme.’ So from the beginning of pressure ulcer activity in the UK microclimate 
and microclimate changes were seen as being a key part of successful pressure ulcer 
prevention. However by the mid 1980’s there was a considerable increase in the 
availability of specialist pressure-redistributing beds, mattresses and (to a lesser 
extent) seat cushions [5] and focus shifted from microclimate management to the 
quantification of the pressures applied to the skin by various support surfaces (for 
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example [6–10]). It has only been in the past five years that microclimate management 
has re-emerged perhaps partly due to new support surface cover materials and also 
growing clinical interest in understanding pressure ulcer development [3, 11].

 Why Should Skin Temperature and Humidity Influence Pressure 
Ulcer Development?

Endotherms can maintain body temperature at a minimal metabolic rate across a 
range of ambient temperatures, the thermal neutral zone (TNZ) [12]. As ambient 
temperatures approach the lower and upper boundaries of the TNZ metabolic rate 
must increase to maintain a constant core temperature. Metabolic rate will also rise 
as core temperature increases with a 1 °C rise in core temperature causing a 10–13% 
increases in oxygen consumption [13]. So at extremes of ambient temperature and 
where core temperature rises the demand for oxygen is increased and this increased 
demand may not be met where skin and soft tissues are loaded so reducing local 
blood and oxygen supply.

Extremes of moisture or dryness at the skin surface can also be anticipated to 
produce changes in the skin. High levels of skin wetness (be this from perspiration, 
incontinence, wound exudate) can reduce dermal collagen cross-linkage so weaken-
ing the stratum corneum [14] similar effects can be seen where relative humidity is 
high with a 25 fold decrease in stratum corneum strength at 100% relative humidity 
compared with its strength in a 50% relative humidity environment [15]. Excess 
moisture also changes the skin’s coefficient of friction [16] making superficial dam-
age through abrasion more likely. Dry skin also presents clinical challenges [3] with 
reduced lipid levels in dry skin along with less water content and weakened junc-
tions between the epidermis and the dermis.

Interactions between skin temperature and humidity can also be observed that 
may induce deleterious changes in skin and soft tissue. For example reduced rela-
tive humidity may lead to increased sweat evaporation so reducing skin temperature 
while delamination of the stratum corneum increases with increasing temperature 
and humidity [17].

From human physiology through to tissue sample studies there are a range of 
potential modes of action through which changes in the local microenvironment of 
loaded skin and soft tissues may accelerate or prompt tissue damage leading to early 
forms of pressure injury. Gefen [18] modeled the likely interactions between micro-
climate, pressure and the development of superficial pressure damage. In this model 
five associations were proposed—that superficial pressure damage was more likely 
to occur where;

• As skin temperature increased
• As ambient temperature increased
• As relative humidity increased
• As pressure upon the skin increased, and
• As the permeability of bed sheet/clothing decreased.
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While the potential modes of action where microclimate changes may impact on 
tissue viability appear both reasonable and valid, is there clinical evidence associat-
ing both microclimate changes and management with the occurrence of current 
pressure ulcers and the prediction of future pressure injuries?

 Skin Temperature and Pressure Ulcers

From the late 1970s regional variations in skin surface temperature were assessed 
both to identify areas of potential pressure injury and to assess the likely healing of 
established full-thickness pressure ulcers (for example [19–21]). Newman and 
Davis [20] reported the development of pressure ulcers (category II and above) at 
the sacrum of ninety-one elderly hospital in-patients admitted with no visible sacral 
pressure damage. Of the 91 patients, 19% (n = 17) had unusual thermal patterns at 
the sacrum where 11 showed a warm area surrounded by a thermal gradient of less 
than 1 °C/cm while six thermal anomalies were associated with creasing of the skin 
at the sacrum. Five of the 11 patients with diffuse warm areas developed pressure 
ulcers (severity unreported) while a further patient with a crease in the sacral skin 
also developed a pressure ulcer within ten days of admission to hospital. These six 
pressure ulcers were reported to have developed either exactly where the thermal 
anomaly was located (n = 4) or adjacent to the anomaly (n = 2). No other subject in 
this early study developed pressure ulceration. In common with many early reports 
of pressure ulcer studies no information was provided upon the pressure ulcer pre-
ventive care allocated to the study participants. Norton scores [22] were reported by 
Newman and Davis with the majority 53/91 reported to have a Norton score higher 
than 14 upon admission suggesting a ‘low risk’ patient population for pressure ulcer 
development. The sensitivity and specificity of the use of thermography and the 
Norton score to predict risk of pressure ulcer development in this study were similar 
(thermography sensitivity 100%, specificity 39.3%; Norton scale sensitivity 83%, 
specificity 36.1%) however the thermal images required the elderly patients to lie 
with their sacrum and buttocks exposed for around 30 min potentially creating a 
poor experience of the first part of their stay in hospital! This early work by Newman 
and Davis suggested that the temperature of intact skin could form the basis for 
pressure ulcer prediction especially where the thermal anomaly suggested damage 
deep within the soft tissues (diffuse warm spot at the skin surface) however the 
technique appeared no better than standard pressure ulcer risk assessment and was 
likely to lead to a loss of dignity for the patient being assessed for thermal 
anomalies.

Sprigle and colleagues [23] reported upon skin temperature changes at anatomi-
cal sites prone to pressure ulceration in 65 predominantly non-ambulatory in- and 
out- patients within an acute rehabilitation hospital. All sixty-five participants had 
persistent erythema at the bony landmark and the skin temperature at the area of 
erythema was compared with the temperature at adjacent areas where no erythema 
was visible. Skin temperature was considered to be similar across the two measure-
ment sites if the difference was below 1 °F. Across the 65 participants eighty skin 
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sites with erythema and adjacent control locations were measured with the skin 
temperature similar in 12 cases, cooler in 18 and warmer in 50. This indicates that 
skin temperature changes are likely to be found between areas of erythema and the 
surrounding skin but that erythematous areas may be warmer or cooler than the sur-
rounding skin and that areas of early pressure damage may remain at a similar 
temperature to surrounding non-damaged skin. These results are ambiguous in 
terms of clarifying the value of using skin temperature to discriminate between 
areas of erythema and apparently ‘normal’ skin.

Clark [24] followed a cohort of 52 elderly people newly admitted to hospital with 
no visible pressure damage at the sacrum for 14 days during their hospital stay. Skin 
temperature at the interface between the sacrum and bed mattress was recorded 
upon admission and after 14 days six patients (11.5%) developed superficial pres-
sure damage at the sacrum. Where pressure ulceration occurred the temperature 
between the sacral skin and mattress upon admission was 34.53 °C (Standard devia-
tion, SD, 0.58), where no pressure ulcers developed sacral skin temperature while 
lying in bed was similar (35.02 °C SD 0.18). This study was flawed given the lack 
of control over the selection of the support surface used in bed—11/52 were allo-
cated active support surfaces (alternating mattresses) the other 41 rested on reactive 
surfaces (foam mattresses) and skin surface temperature stability while lying on 
alternating surfaces has been reported in a volunteer study [25] where sacral skin 
temperature remained constant while resting on an alternating mattress but increased 
on average by 1.3 °C while the subjects rested on a foam mattress.

While these clinical studies may have conflicting results on the value of skin 
surface temperature data as indicators of potential tissue damage, they reinforce the 
challenges faced when trying to obtain such physiological data in health care set-
tings where control over the ambient environment and allocated pressure ulcer pre-
ventive care may not be possible. In the laboratory clearer indications of the impact 
of modifying skin surface temperature have been seen. Kokate and colleagues [26] 
loaded 12 metal discs upon the dorsal surface of young pigs. Each disc was loaded 
to provide a surface pressure of 100 mmHg maintained for five hours, however the 
discs were presented at different temperatures ranging from 25  °C, 35, 
40–45 °C. Where 100 mmHg was applied for five hours at the lowest temperature 
(25 °C) no skin or muscle damage was observed. As the temperature of the loaded 
discs increased moderate levels of muscle damage was observed at 35 °C with skin 
and muscle damage recorded at the higher temperatures. This set of experiments 
suggests that cooling skin may provide additional protection from pressure 
damage.

Ten years ago, Lachenbruch [27] summarized these, and other studies of the 
effect of skin temperature on pressure ulcer development concluding that a 5 °C 
reduction in skin surface temperature might provide similar benefits in terms of skin 
integrity as the most expensive patient support surfaces. Whether such a drop in 
surface temperature would be acceptable to patients is unclear! Recently the effects 
of cooling on tissue viability have been explored in a rat model [28] where a load of 
700 mmHg was applied for 3 h to the trochanteric area of rats with either local 
warming (+10 °C) or local cooling (−10 °C). Load application with local cooling 

M. Clark

veras@usp.br



107

reduced the accumulation of cytokine tumor necrosis factor alpha (TNF- α) com-
pared with pressure and local warming, suggesting a protective effect of cooling 
against inflammation. Under loading with heating or cooling no change in the pro-
duction of interleukin 1β was observed. In humans the effect of local cooling or 
warming has been explored in terms of their effect on the hyperemic response after 
removal of load from soft tissues [29]. In a group of ten spinal cord injured and ten 
uninjured controls a 60 mmHg load was applied to the sacrum for 20 min followed 
by a recovery period of similar duration. Three test protocols were applied pressure 
without temperature modification, pressure with local cooling (−10 °C) and pres-
sure with local heating (+10 °C). In both the SCI and control groups smaller hyper-
emic responses were observed where pressure was applied with local cooling 
compared with either no temperature changes or local heating with this reduced 
hyperemic response attributed to reduced metabolic and neurogenic activity. Local 
cooling has been recently associated with changes in cytokine production and 
reduced hyperemic responses after loading—whether such changes can be trans-
lated into interventions that help cool vulnerable skin and soft tissues without reduc-
ing the quality of life for patients through reduced skin temperatures is a challenge 
for the coming years.

 Skin Humidity and Pressure Ulcers

High relative humidity at the junction between the skin and support surface has long 
been related to pressure ulcer development. In 1992, the then US Agency for Health 
Care Policy and Research issued its pressure ulcer prevention guidelines [30] where 
it was recommended that relative humidity above 40% should be avoided to help 
prevent pressure ulcers, the source of this specific threshold is unclear. Clark [24] 
reported skin-mattress relative humidity at the sacrum of 52 elderly hospital patients 
admitted with no visible sacral skin damage. Among this cohort six developed 
superficial sacral pressure ulcers and in this group the mean relative humidity mea-
sured at the sacrum upon admission to hospital was 74.1% (SD 11.6). Where no 
superficial skin damage occurred the mean relative humidity at the sacrum upon 
admission was considerable lower, 43.0% (SD 3.7) however as noted earlier mat-
tress allocation was not controlled within this study and some subjects were allo-
cated alternating pressure support surfaces with the majority resting upon foam 
mattresses. Black and colleagues [31] reported a small controlled study comparing 
pressure ulcer incidence upon two reactive support surfaces—one low air loss bed 
with ‘microclimate management’ the comparator being a powered mattress. The 
powered mattress was the support surface used within a single centre cardio- vascular 
intensive care unit and prior to the study five of the powered mattresses were 
replaced with the low air loss bed with microclimate management. Eligible subjects 
were those patients within the intensive care unit (ICU) expected to have a length of 
stay in ICU for longer than 3 days, did not require a support surface to assist with 
pulmonary or wound challenges and were not on an end-of-life pathway. Fifty-two 
subjects were recruited with 31 receiving microclimate management and 21 the 
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ICU standard bed mattress, the process of allocation to the two regimes was unre-
ported. On average the duration of follow up was 7  days with skin assessments 
every 3  days. During the study five patients developed a total of eight pressure 
ulcers—three of these presented as category II wounds under a facemask upon a 
single patient allocated the microclimate control mattress. The other pressure ulcers 
presented only among patients upon the standard ICU mattress and these tended to 
be superficial (two Category I ulcers, two category II and one suspected deep tissue 
injury). There was also a small number of patients who entered the study with pres-
sure injuries (severity unspecified)—on the standard ICU mattress two patients each 
with a single ulcer showed deterioration of their wounds during the stay in ICU. 
One suspected deep tissue injury present upon a patient allocated the microclimate 
control mattress did not progress to an open wound, the other patients allocated to 
the microclimate control mattress were reported to show no deterioration of their 
pressure damage or were lost to follow-up. Black et al. [31] noted that their results 
may simply reflect the age of the support surfaces with the standard ICU mattresses 
in use for seven years compared with the new microclimate control mattresses and 
no data was reported upon the skin microclimate at the sacrum (or other anatomical 
landmarks) within the two groups of subjects. The effect of support surfaces upon 
modifying the microclimate at vulnerable body sites is further compromised by the 
effect of the various under-pads and transfer sheets often placed upon the bed sur-
face to help repositioning and continence management [32]. As yet the impact of 
humidity, and its control, on pressure ulcer incidence is poorly understood with the 
influence of other practices (for example transfer sheets) detracting from microcli-
mate management systems ability to moderate microclimate factors.

 Discussion

Microclimate and pressure ulcer prevention have been associated for many years 
although active consideration of microclimate factors were perhaps lost while the 
clinical and research communities focused upon load management. Re-discovery of 
the microclimate as a potential factor in pressure ulcer prevention in recent years 
offers new perspectives on how pressure ulcer prevention could be complemented 
through management of the microclimate. Increasingly reductions in skin surface 
temperature are being associated with benefits for pressure ulcer prevention both in 
modifying the hyperaemic response and reduction proliferation of certain cytokines. 
However these potentially beneficial changes may be achieved at a cost of reduced 
patient acceptance due to the local skin cooling such interventions would require. 
Moisture and humidity management may also offer benefits in terms of reduced 
superficial pressure ulcer development although as yet the ability of commercially 
available microclimate management systems to alter the microclimate at vulnerable 
body locations is poorly reported. Additionally the impact of other care practices 
(under-pads for example) upon microclimate changes appears to reduce the poten-
tial benefit of microclimate management systems.
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Microclimate is a growing area of activity in pressure ulcer prevention although 
several hurdles yet remain. For many years discussion around pressure redistribu-
tion focused upon perceived, albeit inaccurate, ‘safe’ thresholds (e.g., 32 mmHg at 
the skin surface) it would be a weakness of the microclimate debate where similar 
false thresholds developed for skin temperature and humidity. Zhong and co- 
workers [33] noted that there is limited in-vitro or in-vivo data upon the normal 
interactions between human skin and external fabrics and where available ‘existing 
in vivo experimental studies have rarely led to any significant results and solid con-
clusions’. Part of this challenge lies in the multiple changes in skin condition 
between individuals and within individuals at different body sites, these intra- and 
inter- differences in skin condition will likely lead to microclimate also varying 
among and within subjects restricting the ability of any single study to clearly dem-
onstrate microclimate changes with skin outcomes. One solution to this challenge 
[33] may be for stronger dialogue between the textile research field and the pressure 
ulcer community—perhaps the third edition of this book will feature a joint chapter 
on developments in microclimate and its effect on pressure ulcer prevention?
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9Skin Care

Sue Bale, Janice Cameron, Sylvie Meaume, 
and Andrea Ingegneri

 Introduction

The skin is the largest organ in the body and it is essential that clinicians involved in 
pressure area care are cognizant of the need to maintain or improve its condition. 
Healthy, normal skin is the first and best line of defense against the invasion of 
microorganisms, chemicals, and trauma. The skin is constantly exposed to potential 
irritants and chemicals, any of which may cause damage [1]. Furthermore, the skin 
has an immune defense function through its Langerhans cells. Part of the immune 
system that fights foreign invaders like viruses and bacteria. The skin is also a pro-
duction plant using the energy of the sun to make vitamin D, essential for many 
functions of the body.

In addition, mechanical forces, allergy, inflammation, systemic disease, and 
burns also impair skin integrity, producing a range of responses. These include ero-
sion, pressure ulceration and ulceration, erythema, papules, and vesicles [2].

With regard to pressure ulcer prevention and management of the older person, 
skin care is a particular challenge, as people live for longer and are continually rais-
ing their expectations of healthcare. In addition, the developed world is experienc-
ing increased numbers of older people within their populations. Davies [3] reports 
that despite differing welfare systems country policies for older people are broadly 
consistent in their targets. The aims of such policies are to maintain older people in 
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their chosen environment, whilst promoting autonomy and a meaningful life [4–6]. 
Nolan [7] describes global initiatives that aim to prevent or delay ill health, where 
nurses are encouraged to be proactive in improving the health of older people, espe-
cially in the community setting.

In the UK an Audit Commission review [8] recommended that increased atten-
tion be paid to the problems of incontinence in patients cared for in the community. 
Incontinence has been identified as a factor that precedes skin damage and it would 
seem appropriate that preventing and managing incontinence should be an impor-
tant aim of nursing care. As people become older, protection of the skin against the 
effects of incontinence is of particular importance, and as recommended by Le 
Lievre [9], the development of cost-effective, evidenced-based management strate-
gies should be a priority.

 Normal Skin

Originating from the embryonic ectoderm and mesoderm, the skin is the largest 
organ in the human body, making up approximately 16% of total body weight 
(about 9 kg) and covering a surface area of 1.8 m2 [10]. The skin has four main func-
tions: protection, sensation, vitamin D manufacture, and thermal regulation. 
Additional functions include acting as an energy and water reserve, excreting urea 
and salts in sweating.

 Protection

The skin provides protection against loss of water and electrolytes, chemical 
and mechanical assaults, bacterial and pathogenic invasion, and ultraviolet 
radiation. In essence, the skin maintains a homeostatic environment and acts as 
a barrier.

 Sensation

This is part of the body’s ability to protect itself from the surrounding environ-
ment. Normal skin is sensitive to pain, touch, temperature, and pressure, through 
its network of nerve endings or receptors. When stimulated these receptors 
transmit impulses or signals to the cerebral cortex where they are interpreted.

 Manufacture of Vitamin D

Vitamin D is synthesized in the presence of daylight. Epidermal cells synthesize 7- 
dehydrocholesterol, converting it to cholecalciferol or vitamin D when exposed to 
ultraviolet rays [10].
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 Thermal Regulation

In health normal core body temperature is around 37  °C.  The skin controls this 
optimum temperature by the two mechanisms of sweating and blood circulation. 
When the body is too warm vasodilation occurs, which draws blood to the surface 
of the skin so cooling it down. In addition, sweat coats the skin’s surface and as it 
evaporates, also cools the skin. When too cold vasoconstriction of blood vessels 
redirects heat to the body core and internal organs so preserving heat. At the same 
time shivering results from the arrector pili muscles attached to hair follicles con-
tracting. This has the effect of causing the hairs to stand erect so preserving heat by 
forming an insular layer of air between the hair and skin.

The epidermis and the dermis are the two layers of which the skin is comprised. 
Supporting these main layers is a layer of subcutaneous fat as insulation and protec-
tion from physical forces, although some parts of the body including the heels, 
elbows, and shins do not have this protective fatty layer.

 The Epidermis

The epidermis is a protective and physical barrier, very thin. It is composed of cells 
called keratinocytes. The keratinocytes meet five different stages of the course of 
their life, starting from the deepest part of the epidermis where they are born, rising 
up to the surface where they will then fall apart. During their existence they undergo 
cornea cytomorphosis or keratinogenesis passing from living cells endowed with 
nucleus, to dead cells without nucleus and forming simple corneal lamellae that 
determine the keratinization of the skin and its protection.

The epidermis also serves to protect against radiation from the sun. this function 
is carried out by the melanocytes found in the basal layer of the epidermis. These 
cells when they are exposed to light they produce melanin which helps to protect 
against ultraviolet radiation.

The epidermis is the avascular, outer layer of the skin nourished by the diffusion 
of nutrients, and is thickest on the soles of the feet and palms of the hands [11]. 
Starting from the outside it comprises six layers:

• Horny layer—stratum corneum. The horny outer layer consisting of cells that are 
dead and desquamating. These cells are thin and flat and keratinized.

• Clear cell layer—stratum lucidum. The translucent layer, just below the stratum 
corneum and only present where the skin is thickened. The cells comprising this 
layer contain large amounts of keratin, and this layer is commonly found where 
trauma and friction are evident, leading to the development of calluses and corns.

• Granular layer—stratum granulosum. The precursor of keratin, keratohyalin a 
granular substance is found in this layer. Keratohyalin gradually replaces the 
cytoplasm of the cells in this layer.

• Prickle cell layer—stratum spinosum. The cells that comprise this layer are char-
acterized by the fine cusps or processes that resemble prickles. These hold the 
cells together and protect against the physical forces of shear and friction.
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• Basal layer—stratum basale. The layer joins the dermis and contains cells that 
are rapidly dividing. Over a period of 21–28 days these cells migrate up to the 
outer layer of the epidermis.

• The epidermal/dermal junction. Here there is an undulation of dips and peaks, 
the rete malpighii pegs that help to give strength to the skin, protecting from 
physical forces such as shear and friction.

 The Dermis

The dermis is the layer of skin under the epidermis. It is a thicker layer of connec-
tive tissue that contains nerves, blood and lymphatic vessels, hair follicles, collagen 
and sweat glands. The blood vessels of the dermis help to maintain a constant body 
temperature. Collagen and elastin are produced by cells called fibroblasts. Collagen 
and elastin give turgidity and elasticity to the skin.

This vascular layer is derived from the embryonic mesoderm and is approxi-
mately 0.5–3 mm in thickness. Well supplied by blood vessels and nerves, it con-
tains hair follicles, blood capillaries, sebaceous glands, and sweat glands. These 
structures are contained by a matrix of collagen and elastin and form support for 
underlying structures. Between 40 and 80% of total body water is held in the dermis 
[10]. The dermis includes the following structures and cells:

• Ground substance. The gel-like material in which connective tissue cells and 
fibers are embedded. It provides an emergency water store.

• Tissue mast cells. These cells are closely approximated to hair follicles and blood 
vessels, producing heparin and histamine, as part of tissue repair when injury to 
the skin occurs.

• Tissue macrophages. These cells are able to engulf and digest foreign bodies 
such as debris and bacteria and are especially active when tissues are injured. 
Macrophages also play a key role in regulating the healing process.

• Collagen fibers. Collagen is the major structural protein and is secreted by der-
mal fibroblasts as tropocollagen. Normal human dermis mainly consists of type 
I collagen, a fiber-forming collagen. Type I collagen accounts for between 77 and 
85% of collagen [12]. Collagen is the protein that gives skin its tensile strength.

• Elastin fibers. Another dermal protein that provides skin with its elastic recoil 
properties. Elastin prevents skin from being permanently misshapen and these 
fibers form spirals or coils that allow for distraction and return to normal configu-
ration. It contains high amounts of proline and glycine, though it accounts for 
less than 2% of the skin’s dry weight [12].

• Lymph vessels. Drain excess fluid and plasma proteins from the dermis [10] and 
connect with the body’s lymphatic system.

• Nerve endings. Sensory or afferent nerves that carry information about the out-
side world to the brain and spinal cord, and continually monitor the environment 
of individuals. The sensory nerves convey the sensations of heat, cold, touch, and 
pain. Specialized sensory receptors are found in the dermis (and also in the basal 
layer of the epidermis).
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• Sweat glands—sudoriferous glands. Spiral structures composed of epithelial tis-
sue that emerge from the dermis or subcutaneous tissue, opening by a duct onto 
the surface of the skin. They secrete a mixture of water, sodium chloride, and 
small amounts of urea, lactic acid, and potassium ions. In extreme temperatures 
as much as 3.5 kg of body weight can be lost in a day.

• Sebaceous glands. There are thousands of these minute holocrine glands on the 
skin that secrete an oily, colorless, odorless fluid, sebum, through the hair folli-
cles. Sebum is a moisturizing substance that forms a waterproof covering.

 How Age Damages Skin

As the years go the skin undergoes changes. The functionality of the skin is reduced: 
increase in transepidermal water loss (TEWL), the ability of the skin to fight infec-
tions; adjusting body temperature also decreases. During several cell cycles, DNA 
can be damaged and cells can grow without control, resulting in skin cancer.

Reduces the concentration of collagen and elastin in the dermis. Increased lines 
of expression deeper around the mouth and forehead. Hair and nails are thinner and 
brittle.

 Thinning and Loss of Elasticity

It is estimated that the paper-thin appearance of the skin in older people is due to a 
20% reduction in dermal skin thickness compared to youth [1]. In the normal aging 
process, the epidermal junctions become flattened and dermal papillae and epider-
mal rete ridges or pegs are destroyed, rendering the skin vulnerable to physical 
damage as the epidermal layers can more easily separate from each other [1]. Skin 
also loses elasticity as the fibroblasts responsible for elastin and collagen synthesis 
decline in number, elastic fibers thicken, and the ability for elastic recoil is lost, so 
causing creases and wrinkles.

 Reduction of Fatty Layers and Drying

At the same time the amount of subcutaneous or adipose fat lessens, so providing 
less of a cushion for underlying bone. This occurs primarily in areas such as the 
face, shins, hands, and feet. Additionally, natural moisture from sebum secretion 
reduces in old age, as these sweat glands become smaller, leading to increased dry-
ness of the skin. Overall, the aging process adversely affects skin quality causing 
dry, thin, inelastic skin that is susceptible to damage. Potential sources of skin dam-
age include pressure, friction, and shear, either individually or in combination. In 
addition, damp skin caused by exposure to excessive moisture is more vulnerable to 
shearing forces and at risk from loss of barrier function. Incontinence in old age 
renders the skin vulnerable to damage when excess or caustic moisture from urine, 
stool, or frequent washing reduces skin tolerance.
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 How Incontinence Damages Skin

It is an expected norm that adults are in control of bladder and bowel functions, 
incontinence only being tolerated in babies and the very young. Indeed, much value 
is often placed on children’s achieving continence in the western world. However, 
epidemiological research reports that the number of people experiencing inconti-
nence far exceeds the number that seek help and advice from healthcare profession-
als [13]. Not a disease in its own right, incontinence is a symptom of a broad range 
of underlying conditions. Incontinence is most common in older women, affecting 
11.6% of all women included in a postal survey of 22,430 people [14]. In this survey 
stress incontinence and urge incontinence were significantly increased in parous 
women compared to nulliparous women, particularly in those who had borne four 
or more children.

There is some evidence that attitudes towards incontinence are improving. Willis 
[15] reports the value of a national awareness campaign by the Department of 
Health and the Continence Foundation in directing people to the appropriate profes-
sional services. In addition, the Royal College of Physicians report that the number 
of people seeking healthcare advice is increasing [16].

Swaffield [13] highlights the extent of the problem of incontinence in healthcare 
institutions and social services facilities. She reports that many surveys have dem-
onstrated high rates of incontinence in these care settings and argues that this is due 
to inappropriate assessment and intervention on the part of healthcare professionals. 
Swaffield also suggests that there is a need not only to correctly identify patients 
who could be treated but also to improve public and professional understanding, 
assessment, treatment, and management of incontinence. A recent census of nursing 
care and care homes [17] highlighted incontinence as being extremely prevalent, 
where caring for patients’ incontinence problems accounted for the greatest input in 
nursing time.

 Urinary Incontinence

The most common types of urinary incontinence are stress incontinence, urge 
incontinence, and overflow incontinence:

• Stress incontinence is a failure of the urethral sphincter that results from a weak-
ness in the pelvic floor, which allows the urethra to descend and the sphincter to 
open. This type of incontinence commonly occurs with sudden abdominal pres-
sure on the bladder, usually on coughing, laughing, or sneezing.

• Urge incontinence is caused either by an overactive detrusor function (motor 
urgency) or by hypersensitivity (sensory urgency). This type of incontinence is 
caused by contraction of the detrusor muscle of the bladder leading to the urge to 
void even though only a small amount of urine has collected.

• Overflow incontinence is caused by urinary retention that arises due to an 
obstruction (feces or tumor), an underactive detrusor muscle or failure of the 
urethra to open.
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 Fecal Incontinence

This is far less common than urinary incontinence. Johanson and Lafferty [18] 
report fecal incontinence as being especially prevalent in older people and those 
requiring long-term care. This type of incontinence is typically caused by constipa-
tion or fecal impaction, and also by damage to the pelvic floor and anal sphincter.

 Maceration and Incontinence Dermatitis

Maceration occurs a result of prolonged exposure of the skin to excessive moisture 
from profuse sweating, urinary incontinence, and wound exudate. Cutting [19] 
describes macerated skin as a frequent result of urinary incontinence. He cites lit-
erature from 1974 onwards and reports a strong relationship between excessive skin 
moisture and the development of pressure ulcers. Hampton and Collins [20] high-
light the problem of maceration and associated excoriation as increasing the risk of 
damage to the skin from friction.

As discussed above, patients generally experience urinary incontinence more 
frequently than fecal incontinence. Fiers [21] highlights the harmful effects of uri-
nary incontinence on the skin where bacteria and ammonia cause undesirable alka-
line skin conditions and destructive enzymatic activity is also increased. However, 
Leyden et al. [22], Berg [23], and Kemp [24] suggest that a combination of urinary 
and fecal incontinence is most harmful to skin. Urine and feces together raise the pH 
of skin and thus increase the harmful activity of proteases and lipases. Andersen 
et al. [25] described this when reporting the results of a study that included healthy 
human volunteers. These researchers observed that when applied directly onto 
healthy skin, the digestive enzymes found in feces caused severe skin irritation. 
Exposure to excessive moisture increases the permeability of the skin and leads to a 
reduction of the skin barrier function. Patients in whom the skin barrier function has 
been disturbed in this way are at risk from developing contact dermatitis, an exog-
enous eczema, caused by external factors that have either irritated the skin or caused 
an allergic reaction [26]. Incontinence dermatitis is an irritant dermatitis, which 
occurs as a result of high moisture exposure, friction, bacteria, and enzymatic activ-
ity. Nursing assessment tools and clinical guidelines designed to identify patients at 
particular risk of skin damage highlight both urinary and fecal incontinence as con-
tributory factors [27].

 The Evidence that Rejects the Use of Soap and Water

When patients experience episodes of incontinence they are washed to remove the 
harmful chemicals contained in urine and/or feces and also to eliminate malodor 
and promote patient comfort. When patients are frequently incontinent it follows 
that they are washed frequently. If soap and water is used the pH of skin alters, 
becoming alkaline instead of acidic, thus adversely affecting its protective function 
[28]. The pH of normal skin is about 5.5,which is referred to as the “acid mantle” 
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because this pH prevents bacterial growth and inhibits the action of digestive 
enzymes [1]. As the skin becomes more alkaline, it increases its permeability to 
watersoluble irritants [29], thus rendering it more vulnerable to tissue breakdown. 
Soap consists of fatty acids or triglycerides and has been used as a cleansing agent 
for thousands of years. In general use soap is beneficial. Kirsner and Froelich [30] 
report the benefits of using soap in healthcare for infection control to cleanse skin 
and prevent disease, but this is not the case for patients who are experiencing incon-
tinence. Alkaline soap reduces the thickness and number of the layers of cells in the 
stratum corneum and emulsifies and removes the protective lipid coating of the skin 
[12]. She reports that it takes 45 min to restore normal skin pH following washing 
with soap, and that prolonged exposure may need 19 h. In addition, washing macer-
ated, excoriated skin with soap and water will lead to dryness of the skin from a 
decrease in skin surface lipids.

 The Evidence that Supports the Use of Specialized Skin-Care 
Products

Skin care of the incontinent patient consists of a regimen of skin cleansing and skin 
protection with a barrier preparation. Lutz and White [31] report the benefits of 
using specialized skin moisturizers when caring for patients with incontinence as it 
relieves dryness and protects against excessive moisture and irritants. These 
researchers report that specialized skin protectants provided better protection 
against washing than other protectants. Other research has demonstrated the effec-
tiveness of implementing skin-care protocols for patients with incontinence. Lewis- 
Byers et al. [32] report the results of a small randomized controlled trial in which it 
was found that the use of soap and water together with a moisturizer was less effec-
tive and more time-consuming than using a no-rinse cleanser and a durable barrier 
cream. Bale et al. [29] report similar results in a study that explored the benefits of 
implementing a new skin-care protocol that included the introduction of specialized 
skin-care products. These researchers report a statistically significant reduction in 
the incidence of incontinence dermatitis and grade 1 pressure ulcers in combination 
with significant savings in staff time and product costs.

 Elements of Skin Care

The US Agency for Health Care Policy and Research (ACHPR) guidelines for man-
aging patients with urinary incontinence [27] recommend that: skin is inspected 
regularly, gently cleansed with a mild cleansing agent immediately after soiling, 
absorptive pads are used, and topical barriers are used to protect the skin from 
moisture.

• Skin inspections. Skin condition should be assessed regularly. For the older per-
son with incontinence this may be daily or more frequently.
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• Assess level of continence and treat incontinence appropriately. This may involve 
adapting patients’ physical environment to include providing clothing that can be 
easily removed, physiotherapy, improving access to toilets, providing walking 
aids and assistance to access toilets, regular toileting or provision of commode, 
and regular cleansing and changing of soiled incontinence aids.

• Skin care. The aim here is to keep the skin clean, dry, and well moisturized to 
maintain the best barrier possible against skin damage. The use of specialized, 
pH-balanced skin cleansers, the avoidance of damaging soaps, and protecting 
skin with skin barriers appropriate to individual patient needs are important 
elements.

 How Excessive Wound Exudate Damages Skin

Wound fluid has a beneficial role to play in wound repair in a normal healing acute 
wound. It has been shown that in the normal healing process high levels of enzyme 
activity, responsible for clearing the debris from the wound, decrease as the wound 
heals. However, research studies suggest that exudate from chronic ulceration 
appears to have a damaging effect on normal wound healing due to continued raised 
levels of tissue destructive enzymes [33–35].

Normal skin barrier function has been shown to be compromised in peri-wound 
skin compared to normal skin [36]. Excessive exudate can damage the vulnerable 
peri-wound skin through enzymatic activity and by causing physical damage to the 
structure of skin. Cutting and White [37] argue that when patients have existing 
pressure ulcers, the exudate that drains can cause skin damage by irritating the sur-
rounding skin. In chronic wounds, proteases (present in the exudate), particularly 
matrix metalloproteases, are thought to actively damage healthy skin through their 
enzymatic action [35].

Excessive wound exudate can cause physical damage to the structure of the skin. 
Cutting [19] describes how the stratum corneum initially absorbs fluid, causing 
swelling. Further saturation reduces barrier function, leading to skin breakdown. As 
with urinary incontinence the peri-wound skin can become macerated from pro-
longed contact with the wound exudate.

 Protection of the Peri-Wound Skin from Wound Exudate

The aim of exudate management is to achieve an optimal moisture balance within 
the wound environment and prevent damage to the surrounding skin. Dressing 
choice and peri-wound protection plays a large part in patient comfort. It is 
important to understand how the different dressings handle moisture and thus 
their suitability for the wound and the expected wear time. Dressings with 
adhesive borders should be avoided on patients with edematous tissue, fragile 
skin, wet skin, or where there is localized inflammation present around the 
wound.
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Prolonged exposure to wound exudate on previously healthy skin may result in 
maceration and further loss of epithelium. The macerated skin may appear white, 
thickened, and hard. The use of a suitable skin protectant applied to the peri-
wound skin will prevent skin damage from wound exudate and reduce the risk of 
further loss of epithelium. Where maceration and inflammation are present, the 
skin will appear erythematous and may be moist or weeping [38]. The patient may 
complain of burning, stinging, and itching of the affected area. Treatment of ery-
thematous maceration may require the application of a topical corticosteroid 
preparation to reduce the local inflammation prior to the use of a barrier prepara-
tion. Creams are easier to apply to wet skin than ointments. A potent topical ste-
roid should be used for 1–2 days only and gradually reduced over the next few 
days. A barrier preparation can then be applied to the peri-wound area as a skin 
protectant. Various skin barrier preparations are available including ointments, 
creams, and a barrier film that leaves a protective film on the skin surface. The 
barrier film comes as a spray and also in an impregnated foam on a stick. It can be 
applied to vulnerable skin under adhesive dressings to aid adhesion and prevent 
trauma on removal.

 Prevention of Pressure Injuries

Prevention of hospital-acquired pressure injuries (HAPI) remains a crucial clinical 
challenge especially for those patients undergoing surgery. in addition to standard 
of preventive interventions (anti-decubitus mattress, active or passive patient mobi-
lization) the use of a 5-layer silicone foam applied in the areas under pressure 
(sacrum, heel, etc) resulted in a significant decrease of pressure injuries [39].

 Skin Care at End of Life

In USA one fifth of population will be 67 years or older by 2040 [40], and more and 
more people are experiencing more comorbid diseases in their last years. 
Concomitant with this demographic change is the fact that the number of frail 
elderly patients will increase and will probably elect palliative rather than curative 
care at the end of life. Overall, there is limited information on wounds at the end of 
life. There are few studies on the prevalence and incidence of wounds at the end of 
life. The prevalence rates reported between 13 and 47% [41, 42], and incidence rates 
from 8% to 17% [41–43]. Most, if not all, people at the end of life are at risk for 
developing soft tissue ulcerations. Decubitus ulcers occurring at the end of life are 
often unavoidable and largely attributable to malnutrition and immobilization of 
patients. Individuals at the end of life who have a wound confront several problems, 
including accepting a palliative approach or more aggressive wound treatment. 
Patients should be advised that many wounds at the end of life do not heal. The 
rupture of tissues in patients at the end of life is caused by several factors: low con-
centration of oxygen in the tissues, low levels of hemoglobin and alterations in the 
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gas exchange. With age, the skin becomes more frail, thinner and prone to injury; 
healing could be delayed. As the end of life approaches, activity and mobility 
decrease, leading to tissue ischaemia by prolonged pressure. Comorbidities and 
pain can have a negative impact on mobility; the elbows, the sacrum and the heels 
are particularly vulnerable to pressure. The presence of moisture—for example, 
wound exudate, sweat and feces or urine - makes the tissue much more vulnerable 
to friction, increases the risk of tissue breakage. The elderly hunger and thirst have 
decreased, resulting in dehydration. Malnutrition and protein-caloric dehydration 
compromise skin turgidity. All these factors leave the tissue vulnerable to new 
cracks and compromise the normal wound healing mechanisms.

 Wound Care

The goals of palliative and wound healing wounds vary little from one another, apart 
from the goal of healing. Palliative care becomes the main objective when the 
patient’s general state has expired, the wound does not improve or deteriorate sig-
nificantly, where aggressive interventions are no longer appropriate or quality of life 
can no longer be improved. The care target is then redirected to palliation. Palliative 
care includes: pain management, wound management, the appropriate choice of 
medication, reducing the risk of infections, peri-wound protection, reducing odors. 
The care goals will focus on improving the quality of life.

 Prevention and Treatment of Wounds

In general, the recommendations to maintain skin integrity include a gentle cleans-
ing with a low pH skin cleanser, the use of barrier creams to maintain good hydra-
tion. It is useful to minimize the damaging effects of incontinence. During 
mobilization of the patient, the buttocks and sacral areas must be protected. Although 
a general guideline is to reposition an individual in bed every 2 h, it is necessary to 
consider the general state of the patient: hemodynamic instability, pain, nausea or 
vomiting. With reduced ventilation capacity at the end of life, many people require 
the head elevation of the bed. The guideline is to keep the head of the bed as low as 
possible—preferably 30° or less—to minimize friction [44].

Dressings for wounds. Normal comfort is improved with fewer dressing changes, 
so it is advisable to select a dressing for several days. The sacral area or other bony 
prominences should be protected with a low friction coefficient, foam or hydrocol-
loid film to minimize friction.

The exudate of the wound is the fluid that oozes from the extracellular spaces. 
Protecting periwound tissue is important and can be a challenge; Excessive exudate 
can cause perilesional maceration. The exudate can be managed by a barrier cream 
on the periwound zone or skin protection. In the case of minimal exudate, a 
hydrocolloidal, hydrogel or composite dressing works well. With moderate exudate 
it can use a hydrogel, hydrocolloid, foam, composite or calcium alginate. When the 
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exudate is a composite, plentiful, hydrophilic or calcium alginate, expanded dress-
ing should be selected.

Chronic wounds are considered colonized with bacteria [45]. During coloniza-
tion, microorganisms are present and replicate on the wound surface. In the event of 
infection, bacteria invade healthy tissue and produce pathophysiological effects. At 
the end of life, patients have a compromised immune system that is less able to fight 
infection. The classic signs of wound erythema, pain, infection, edema and purulent 
exudate, heat.

Necrotic tissue and debridement. Necrotic tissues can promote the growth of 
bacteria. It becomes essential to remove the necrotic tissues by surgical or medical 
debridment.

The smell of wounds can be embarrassing for the patient. it is necessary to 
change the dressing more frequently. Non-viable tissues must be untangled; 
Autolytic debridement is often the least painful method for the individual. Surgical 
debridement is not recommended because it is often considered excessive bleeding 
and excessive pain.

Based on the guidelines, pain assessment is now mandatory on a routine 
basis(Based on the distribution of pain VAS scores), even for people unable to 
express pain.. Individuals with cognitive impairments can be assessed by observing 
behaviors such as facial expression, vocalizations, changes in activity, body move-
ments or changes in mental status such as crying or irritability.

Pain control should be part of the patient’s goals and wishes related to care. The 
management of pain associated with wounds is achieved through a balance between 
adequate wound care, necessary medications and conservative measures. Analgesics 
should be prescribed according to the guidelines of the World Health Organization 
(WHO) for pain control.
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 Introduction: An Old But Recent Story

Pressure ulcers (PUs) are a common and highly relevant professional care issues in 
hospitals. They are associated with psychological and physical suffering, increased 
morbidity and mortality rate and higher costs for health care worldwide. Through 
large-scale, nationwide epidemiological studies, the prevalence of PUs in medical 
care institutions for adults is now known and well documented [1–9].

While the problem of PUs in adults has received a great deal of attention, far less 
is known about PUs in neonates and children. Recent studies have indicated that 
PUs are also common in the pediatric population, and in the last 10 years greater 
attention has been paid to this problem. There is greater awareness that pediatric 
patients in certain health care settings are also at high risk of developing PUs [10, 
11]. Prevalence rates for PUs in hospitalized pediatric patients range from 3 to 35% 
[10]. Two cases of pediatric patients are presented in Box 10.1.

Figs. 10.1 and 10.2
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Box 10.1
Case of Celia
Celia was born after 33 weeks of gestation. Two hours after birth her condi-

tion changed to critical due to insufficient breathing. It was unclear if this was 
due to her preterm birth or to other influences, and she was intubated and trans-
ferred to a neonatal intensive care unit (NICU). After admission to the NICU a 
Relaxatio diaphragmatica was diagnosed, this necessitated a thoracotomy and 
tightening of the diaphragm within the first 36 h of Celia’s life. About 72 h after 
first nasal intubation to support the mechanical ventilation, Celia’s condition was 
stable. The fixation of the nasal tube was routinely checked and refixed. At this 
point a severe skin breakdown on her nose, diagnosed as a category 3 PU, was 
assessed. The tube was fixed without pressure or shear to the alinasal or nasal 
septum, providing the greatest possible relief from the tube. The PU demarcated 
within the following 2 days. After extubation, the PU was treated three times a 
day with pure hydrogel without any secondary dressing. This made it possible to 
assess any changes in the skin immediately; further, the hydrogel provided the 
necessary fluid to the intact skin and protected the skin breakdown with a thin 
layer. Ten days after the first diagnosis of the category 3 PU, part of the necrosis 
peeled off, followed by a total peeling of the necrotic skin at day 20 of Celia’s 
life. After discharge at the age of 28 days, a slightly visible already light and 
elastic scar could be seen. At the age of 6 months no visible scar could be seen 
on Celia’s nose and she had no further limitations due to breathing. This case 
presents a typical localization of a PU in a pre-term neonate as well as effective 
wound therapy with unusual but positive effects, meeting the special needs of 
these vulnerable patients. Not only could Celia’s skin be kept intact, but also the 
requirements of treating the category 3 PU could be met, and Celia was not 
affected by any unnecessary substances from wound dressings.

Case of Tiziano
Tiziano was 10 years old when, suffering from fulminating septicaemia, he was 

in very critical condition. He was mechanically ventilated and treated with extra-
corporeal membrane oxygenation (ECMO) due to insufficient cardiac function for 
10 days. He lay on a polyurethane foam mattress, but due to his unstable and criti-
cal condition, no regular position changes could be carried out. When ECMO was 
turned off at day 15 after hospital admission, several occipital PUs were diagnosed. 
Four of them were necrotic and diagnosed as category 3 PUs, two of them as cat-
egory 2 and one as a category 1 PU. No active treatment for any of these PUs were 
performed, although they were carefully assessed for any changes or signs of 
infection. Four weeks after first diagnosis the largest PU presented as a 4 × 3 cm 
necrosis, which peeled off and presented as granulation tissue. Due to Tiziano’s 
on-going dialysis at this time and continuous high-dose immunization, wound 
healing was delayed. In consideration of all these factors an appropriate wound 
treatment was chosen and was changed twice a week. After another 4 weeks the 
wound completely healed with alopecia the size of a one-euro coin. Neither Tiziano 
nor his family were affected by the scarring at the time, and they were informed 
that a surgical intervention could be performed at a later point.
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 The Pediatric Patient and Its Challenges

“The United Nations Convention on the Rights of the Child defines a child as “a 
human being below the age of 18 years”. Within this time period one distinguishes 
between neonate, infants, toddlers, preschool child, school child and adolescent. A 
neonate is defined as a child from birth up until its first 30 days of life. This includes 
preterm neonates, which means neonates born before 38 weeks of gestational age. 
Children born after 37 weeks of gestational age are categorized as term-born neo-
nates. A newborn is a neonate within his first hours of life. An infant is a child in the 
time period from the age of 4 weeks up to its first birthday, followed by toddlers, 
which are children from the age of 1 up to their third birthday. A preschool child is 
between 3 and 5 years old, a school child between 6 and 12 years of age; adoles-
cence covers the time from 12 up to the 18th birthday (ICD 10, Version 2010 (P05-
P08)) (Table 10.1).

Fig. 10.1 Celia’s PU 
on day 10

Fig. 10.2 One of 
Tiziano’s PUs 2 months 
after admission to the 
pediatric intensive  
care unit
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It should be kept in mind that pediatric patients, in comparison to adults, are in 
widely differing health conditions. The overall health status of children is generally 
better and multi-morbidity is limited to a small percentage of patients, like very low 
term neonates (born before 32 weeks of gestation age), newborns with congenital 
abnormalities, cromosomopathies, perinatal distress syndrome or children with 
chronic conditions. Survival rates of both critically and chronically ill neonates, 
infants and children have improved dramatically in recent years, introducing new 
challenges for medical and nursing care. Furthermore, new devices, ECMO, long 
lasting surgical procedures (LLSP) and advanced therapies in critical areas of admit-
tance requires much more attention in order to prevent pressure-related ulcers [12].

 The Skin in Pediatrics: From Fetus to Newborn

Children’s skin undergoes several changes throughout the first 18 years of life. The 
most important function of the skin is to protect against water loss, absorptions of 
noxious substances, intrusions of microorganisms and physical trauma. The skin of 
children is morphologically and functionally different from adult skin. Within the 
first days of life neonates undergo various adaptation processes needed to accom-
modate the transition from the wet intrauterine environment to the dry outside envi-
ronment. During the first months and years the skin continues to develop and evolve 
its structure and functions (Tables 10.2, 10.3 and 10.4).

Table 10.1 Pediatric heterogeneous age

Nearly adult 16–18 years
Adolescent 12–16 years
Teen 8–12 years
Young school 5–8 years
Preschool 3–5 years
Toddler 12–36 months
Infant Up to 12 months
Newborn 0–30 gg
Preterm Before 38 gestational week
Low birth weighta

Very low birth weightb

Extremely low birth weightc

Small for aged (or small-for-dates or 
small-and-light-for-dates)

From: International Statistical Classification of Diseases and Related Health Problems tenth 
Revision—ICD 10, Version 2010 (P05–P08)
aLow birth weight (LBW) is defined as a birth weight of a liveborn infant of less than 2500 g 
regardless of gestational age
bVery low birth weight (VLBW), which is less than 1500 g
cExtremely low birth weight (ELBW), which is less than 1000 g
dSmall for Gestational Age, usually referred to as weight and length below 10th centile for gesta-
tional age
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The unique physiological needs of children with regard to skin first require some 
explanation. Physiologically, fluid and electrolyte disturbances occur more fre-
quently and develop more rapidly in infants and young children than in older chil-
dren and adults. The higher proportion of water content and greater relative surface 
area of young bodies increases the risk of dehydration under the metabolic demands 
associated with fever. Skin cells that are not well perfused may be hypoxic and are 
at risk of breaking down even with minimal trauma.

Table 10.2 Skin 
developmental stages

1. Embryonic period 5–8 weeks
2. Embryo-fetal transition 9–10 weeks
3. Early fetal period 11–14 weeks
4. Middle fetal period 15–20 weeks
5. Late fetal period Up to 21 weeks

In the Late Fetal Period Skin becomes functional, develops stratum cor-
neum (earlier than other species), a skin barrier activity appears, there is 
a basal layer expansion and a periderm disaggregation. The number of 
skin layers increase from 3, 28  gw, up to 15 layers, 32  weeks of 
gestation
(Courtesy of Ciprandi G and Boldrini R, Bambino Gesu’ Children’s 
Hospital, Rome, Italy)

Table 10.3 Skin 
features in neonatal 
age

• Underdevelopment of subcutaneous fat tissue
• Less of cohesion between epidermis and dermis
• Dermal instability
• Alkaline skin surface
• From aquatic to aerobic
• Fat, Zincum and metallic deficiencies
• Increased risk for traumas (shearing and friction forces)
• Reduced calories storage
• Reduced insulation and loss of surface temperature
•  Reduced secretions and sebum production (the mechanical coat 

protection)

Table 10.4  
Skin host 
defence in 
neonatal age

• Bacterial count on skin surface from 1.000.000 up to 10.000.000
• Number of bacterial species recognized: More than 100
• IgA reduced from 108–12, to 105

•  Microvascular network, from μ4 to μ2 (reduced volume of the 
capillary boundles)

• Immature granulocyte neutrophils (GN) 30% (versus 10% to 15%)
• Number of skin macrophages (M) 25%–40%
• Reduced number of myeloid progenitor stem cells
• Reduced adhesion of GN and pseudopodal activity of M

(Courtesy of Ciprandi G and Boldrini R, Bambino Gesu’ Children’s 
Hospital, Rome, Italy)
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It is known that any skin breakdown, especially in critically ill neonates and 
infants, increases the risk of septicemia as well as related severe complications and 
higher mortality. Pressure ulcers also cause an increase in pain, infection and calorie 
expenditure in pediatric patients and therefore it is of great importance to avoid any 
damage to the fragile skin of pediatric patients.

 Pressure Ulcer: Definition Including Particular Specalizations 
in Children (Preterm/Newborns)

A PU is a localized injury to the skin and/or underlying tissue as a result of pressure, 
or pressure in combination with shear forces. (National Pressure Ulcer Advisory Panel 
(NPUAP) and European Pressure Ulcer Advisory Panel (EPUAP), 2014) (Fig. 10.3).

According to the guidelines of NPUAP and EPUAP (National and European 
Pressure Ulcer Advisory Panels), PUs are differentiated into four different catego-
ries, with category one being the least severe, and defined as “intact skin with non-
blanchable redness of a localized area usually over a bony prominence” and category 
four the worst, being defined as “full thickness tissue loss with exposed bone, ten-
don or muscle” [13]. These EPUAP/NPUAP categories are also used frequently in 
pediatric settings [10, 14]. To what extent these PU etiologies are true for pediatric 
patients and whether there are any differences in classifying PUs in pediatric 
patients according to adult categories has not been studied so far and is thus 
unknown. In more recent times we strongly advocate a more modern and physiolog-
ical definition for a Pediatric Pressure Ulcer, which is identified as a “Localised area 
of tissue destruction and death due to a compression of soft tissues between a bone’s 
or a bone’s-like prominence and an external or a “self” surface - pertinent to the 
body itself, for a “short” time” [15].

• A pressure ulcer is a localized injury to the skin
  and/or underlying tissue as a result of pressure,
  or pressure in combination with shear forces.

• 4 Categories:

Category 1 Category 2 Category 3 Category 4

Fig. 10.3 Pressure 
ulcer in pediatric 
patients
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 Risk Factors and Risk Assessment Scales

The tissue tolerance of a person is an intermediate variable and not a causal factor 
in the development of PUs. How high the pressure must be and how long it must be 
maintained to cause skin damage depends on the individual’s tissue tolerance [16]. 
“The tissue tolerance of an individual is influenced by two major components—the 
tissue tolerance for pressure, meaning the capacity of the tissue to redistribute pres-
sure—and the tissue tolerance for oxygen, meaning factors that influence oxygen 
distribution within the tissue and the oxygen need of the tissue” ([16], p.  211). 
Tissue mass, patient age, nutritional status and dehydration, medications and mental 
and physical condition of the patient, body temperature and co-morbidity are rele-
vant determinants which influence tissue tolerance [16], [17]. In pediatric patients 
skin breakdown is a common topic and it is not the same as an pressure ulcer. 
Maintaining skin integrity in pediatric patients is difficult because of patients vul-
nerability, acuity and the highly invasive interventions and therapies they receive 
(Table 10.5).

Potential risk factors for PUs are immobility and decreased skin sensitivity [18]. 
These are well known risk factors for adult patients with some evidence that in 
pediatric patients these risk factors increase the risk of pressure ulcer development 
as well [18]. With regard to the pediatric patient, sick children in general, but also 
due to limited communication skills, neonates, infants and toddlers, disabled and 
neurologically impaired children, seem to be at particular risk of developing pres-
sure ulcers.

Further, several risk factors with regard to external devices are known for pediat-
ric patients. The consequences of immobility and decreased skin sensitivity and risk 

Table 10.5  
Anatomophysiological 
features of the pediatric 
skin

• Serum albumin levels (<2.5 mg/dL)
• < Protein, arginin, A, C, Zn
• No acid mantle (pH >5.5)
• Thinner dermis (1–10 times <)
• Reduction in water content
• Reduced sebum production
• Immature sweat for temperature regulation
• Infant skin absorbs and loses water faster
• Reduced amount of natural moisturizing factor
• Stratum corneum less than 70%
• Suprapapillary epidermis less than 80%
•  Infant corneocytes and granular layer keratinocytes are smaller 

due to high cell turnover rates
• Skin microflora alteration (>TEWL)
• Delayed full functioning of melanocytes
• Intensity of pression: capillaries collapse 23 mmHg
• Duration of pressure without hystological damages: less than 90’
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factors related to equipment such as tubes, IV catheterization and CPAP have been 
described [19]. Especially patients in pediatric intensive care units (PICU) are at 
increased risk for skin failure. Here the pressure of tubes in oscillation and extracor-
poreal membrane oxygenation as well as the decreased tissue tolerance in these 
patients due to their critical condition makes these children most vulnerable [20]. 
The need for additional medical and therapeutic aids, such as wheelchairs, unad-
justed ortheses and prostheses [21] are known risk factors for pressure ulcer devel-
opment in children as well [15].

A problem limited to neonates is their immature skin with regard to the friable 
skin and circulatory system, which leads to extravasation, or skin failure due to 
strapping or tubing or monitoring sensors [22, 23].

Despite the known risk factors, a reliable and valid PU risk assessment tool with 
validated cut-off points, applicable to a wide range of the juvenile population from 
neonates to adolescents, is still not available. Many of the available assessment 
tools, like the Braden-Q scale, are modifications of PU risk scales for adults and 
include variables deemed especially important for PU development in the adult 
population, e.g. mobility, incontinence, moisture, and nutrition. The relevance and 
clinical effectiveness of specifically pediatric PU risk scales has not so far been 
investigated. An example of a pressure ulcer risk assessment tool used in daily clini-
cal practice is the Bambino Gesu’ Children’s Hospital Skin Assessment Tool 
(Table 10.6).

Medical devices on the skin are the predominant risk factor for PU occurrence in 
pediatric patients [18], [19, 23]. With regard to neonates and infants, in whom 
mechanical ventilation support devices have shown to be the major risk factor, this 
was also reported in the studies of Schindler et al. [20], Curley et al. [19] and Boesch 
et al. [24].

Table 10.6 The Bambino Gesu’ children’s hospital assessment tool

Category 0 1 2
1. Age <1 mos <1 yr >1 yr
2. Admittance NICU-PICU CTS, NS Others
3. Class of pathology Rare disease Syndrome No C.I.
4. Weight <1.000 kg <2.00 kg >2.00 kg
5. Mobility I. With M.I. Without M.I. Normal
6. Dermatitis Grade III Grade II Grade I
7. Oedema High Moderate Limited
8. Multiple devices Up to 5 3 to 5 1 or 2
9. Biometry Up to 3 points 1 to 3 ps. None
Score Risk Assessment
1 to 3 High Every 8 hrs
3 to 6 Intermediate Daily
7 to 11 Low Every 3 days
12 and > No risk If score <

NICU-PICU neonatal/pediatric intensive care unit, CTS, NS cardiothoracic surgery, neurosurgery, 
M.I. metabolic instability
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Younger age can also be considered as major PU risk factor in pediatric patients. 
Curley et al. [19], Schindler et al. [20], McCord et al. [25]. Due to their developmen-
tal status, young pediatric patients (under the age of 5 years) are, unable to differen-
tiate pressure from other sensory perceptions of such devices properly and therefore 
are most vulnerable.

Regarding the localization of PUs, the feet and nose are the most commonly 
affected areas in pediatric patients. The feet, especially ankles or heels and toes, 
were also frequently affected areas in the study of Curley et al. [19], as were the 
occiput and ear. A possible explanation for this is that in neonates and infants moni-
toring devices like oxygenation sensors and IV catheters are fixed to the feet of the 
child [26, 27]. PUs in the area of the nose are often caused by a nasogastric feeding 
tube, ventilation tube or by a CPAP mask with prongs [28]. In those cases, the pro-
longed decubits of the device induce an erosion of the skin and a subsequent dam-
age of the hyaline cartilage of the nose. The permanent loss of the cartilage is the 
fatal result with a dramatic disfigurement and a permanent lesion (Fig. 10.4a, b).

With regard to the risk factors, medical devices, especially mechanical ventila-
tion support devices, a PICU stay, younger age and limited nutrition and activity 
were the major risk factors. In the development of risk assessment tools for the 
pediatric population, the risk factor “devices on the skin” has only become part of 
such scales since 1998 [29]. PICU stay and younger age as risk factors are not part 
of a pediatric risk assessment scale. We can conclude that the use of risk assessment 
scales in pediatric health care should focus specifically on external medical devices 
and on limited mobility and activity. Risk assessment scales for adults are not pre-
cise enough to cover all relevant pediatric risk factors. According to our findings, 
and in line with clinical expertise in the field of PU development in children, it is 

a b

Fig. 10.4 (a) decubitus of the nasogastric tube, with bleeding and cartilage of the nose becoming 
ischemic (b) 5 years later: sequelae of the cartilage distruction because of the device and needs for 
a plastic reconstructive surgery
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more reliable to focus on different pediatric risk populations, and also to assess 
device related factors contributing to the development of PUs.

 Preventive Interventions: Prevention and Rehabilitation

Pressure ulcer prevention is multifaceted and requires skills, knowledge and consis-
tency in medical and nursing practice. Risk assessment, skin assessment, reposi-
tioning and pressure relief are integral components of effective prevention of PUs in 
children [22]. The preventive measures taken for children are often those recom-
mended for adult patients [23]. Baharestani and Ratliff [14] have highlighted the 
importance of specific age-related preventive strategies. Preventive measures should 
meet the individual needs of each child and therefore, with regard to preventive 
measures, special attention must be paid to neonates and infants [23]. Basically, the 
prevention in pediatric patients must be aggressive: skin breakdown is in ambush 
because of the skin thickness, the high risk for tears, the reduction of dermal capil-
laries, the evenience of physiological or pathological urinary tract, fecal and sali-
vary incontinence. At last but not least there is an increase in the number and species 
of skin-surface pathogens and babies aged less than 1  year are immunocompro-
mised, because of an immature immunological system.

Various preventive measures based on the clinical experience of nursing experts 
in the care of children are known and used. However, no research based preventive 
measures with regard to special pediatric needs have been established. The preven-
tive measures described for children are skin care, pressure-relieving facilities 
(sheep skin, silk sheets and gel or water pillows for neonates; special pressure-
relieving mattresses for older children [23], and regular turning of the child/neonate 
[23]. With regard to neonates it seems most important to meet the baby’s need with 
regard to its immature skin [23]. Timely skin assessment is recommended but no 
frequency is described; such assessment includes examining the skin for evidence 
of new damage.

Repositioning should be performed regularly in immobile patients and should pay 
special attention to the relevant anatomical localizations in children, which are the 
occipital, sacral, and calcaneal areas [22]. Repositioning is not recommended for 
hemodynamically unstable patients. Next to manual repositioning, therapeutic pres-
sure-relieving surfaces may also be required [22]. The range of available support sur-
faces for children is limited [22]. Foam mattresses aim to redistribute body weight and 
the movement of a child is only slightly limited [22]. Alternating air systems often do 
not fit well in children. The active and spontaneous movement of a child is limited in 
an alternating air system mattress and the lower weight or size of a child will increase 
the risk that a child lays between the effective parts of such devices [22]. The cells of 
such matrasses, which are fitted for adults, are described as being too large for chil-
dren, and pediatric-specific mattress systems are not very common [30].

Many PUs in neonates and children develop along medical devices [18, 22]. No 
specific preventive measures with regard to this fact are available today.

Preventive measures targeting medical devices are most frequently performed in 
pediatric patients to decrease the risk of PU occurrence [28]. This is in line with the 
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fact that these devices are THE major risk factor for PU occurrence in pediatric 
patients and that pediatric patients treated in PICUs are a high-risk group.

To the best of our knowledge no study assessing preventive measures to decrease 
PU risk and prevalence in the pediatric population is available today.

Total skin assessment, repositioning and skin care were conducted frequently as 
preventive measures in our studies [28]. With regard to different skin condition in 
different age groups, like the immature skin of neonates (especially preterm neo-
nates), regular head to toe skin assessment and appropriate skin care seem important 
as preventive measures to decrease PU risk in pediatric patients. In order to a better 
understanding of the relationship between a device and a related ulcer we recognize 
different preventive strategies based on device Categories, Body sites and Severity, 
as shown in Table 10.7.

The use of pressure related surfaces is not very common in pediatric patients. 
Devices especially adapted to pediatric needs, like small sizes for lower weight, are 
not widely available [22, 30]. However, many advices are strongly advocated as 
evidence based tools, in order to reduce the undue numbers of complications associ-
ated to high-teck devices (Table 10.8).

Since 2014 two guidelines highlight preventive intervention (NICE, 2014, 
NPUAP/EPUAP, 2014) for effective PU preventive measures with special attention 
to the pediatric population and their unique risk factors in terms of PU occurrence.

Examples of pediatric specific pressure ulcer prevention are the underpadding of 
any medical devices (Figs. 10.5, 10.6, 10.7 and 10.8):

Table 10.7 Devices and device-related preventive strategies

Device-related PUs prevention
Devices: categories
   • Dressing (appropriate and adherent)
   • Materials (cast, corset) (indirect contact, inspection)
   • Adhesives and Glues (avoidance or silicon film in between)
   • Metallic devices (frequent rotational protocol)
   • Stitches (proper removal-time)
Devices: body site
   • Probe SpO2 (Toe, feet)
   • Mask (Nose-Bucca)
   • OTT—NTT (Nose-Bucca)
   • Tracheostomy (Trach site)
   • ArterialVenous line (Possible extravasation syndrome)
   • Peristomal areas (abdominal wall)
   • External genitalia (Catheter)
Devices: severity of the site and related disease
   • Cspinal Shunt (head and neck, vital structures, infections)
   • Gastrostomy (perilesional skin, prolaxu)
   • Ileostomy (caustic fluids)
   • CVC (hematogenous spread, sepsis, loss of the 

a-v line)
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Table 10.8 Device health policy

1. Adjust the rotational protocol to the body size
2. Proper fixation of catheters
3. Reduce material’s density*
4. Favor tools with low biological memory (bioflexibility)
5. Undervalue size/caliber
6. Prevent skin surface breakdown/infection (pressure-preventing device)
7. Protect tutorial skin-contact
8. Provide for indirect pression of stoma-device
9. > quality of specialist car
*Material Density: kg/dm3

Silicon: 0.6–0.8
Silicon Rubber: 1.12–1.14
Nylon: 1.04–1.50
PVC: 1.3–1.4
Rubber: 1.7–2.2
PTFE (Teflon): 2.2
Polyurethanes: 1.8–2.5
Steel: *7.85

Fig. 10.5 Examples 
for medical device 
related specific Heel 
pressure ulcer 
prevention

Fig. 10.6 Examples 
for medical device 
related specific Heel 
pressure ulcer 
prevention
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Fig. 10.7 Examples 
for medical device 
related specific Heel 
pressure ulcer 
prevention

Fig. 10.8 Examples 
for medical device 
related specific Heel 
pressure ulcer 
prevention

 Prevalence and Incidence

Prevalence rates for PUs in hospitalized pediatric patients range from 3 to 35% [10]. 
The rather high prevalence of PUs in children makes it a relevant care problem for 
this target population.

Pediatric patients hospitalized in the PICU setting are most often affected by a 
PU (44%). This is in line with a prior study of Escher-Neidig et al. (1989), which 
assessed a PU prevalence of 40% in PICU patients after heart surgery. Prevalence 
rates for neonates and infants appear to vary between 26% [31] and 61.5% [32].

Most pediatric patients are affected by a category 1 PU and severe PUs are limited 
to older pediatric patients. Most category 1 PUs are reversible. Several authors have 
therefore recommended defining pressure ulcer prevalence by starting the category 
system at category 2 [16, 33], and to consider a category 1 PU as the most important 
risk factor for developing a higher category of PUs [11, 16, 34]. Following this line 
of reasoning would implicate that many pediatric patients are in fact at high risk.

Yet, the overall prevalence rate of category 2 and higher varies between 3%.-
5.1% [26, 27, 32]. This means that the progression to a higher category PU in fact 
seems to occur rather infrequently.
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Nevertheless the diagnosis of a category 1 PU requires appropriate preventive 
intervention.

As described in the literature, a comparatively high proportion of surgical 
patients, especially patients after orthopedic treatment or patients with cerebral 
palsy and spinal cord lesions showed category 3 and 4 PUs and were older than 
8  years of age. This leads to the assumption that especially older pediatric 
patients with chronic conditions may be affected by more severe PUs.

Most common localizations of pressure ulcers in pediatric patients differ from 
those of adults and are presented in Table 10.9.

 Wound Treatment in Pediatric Patients

Epidemiological studies and empirical evidence report that the most common 
wound types in pediatric patients include epidermal stripping, extravasation inju-
ries, surgical wounds, incontinence associated dermatitis, chemical and thermal 
injuries, wounds secondary to congenital abnormalities and pressure ulcers [14],  
[35] Table 10.10. We must remember that Pressure Ulcer in a Child is a complex 
wound in a complex patient.

Wound care in pediatric patients needs to take account of several relevant differ-
ences from care in adult patients [36]. The most important fact is that wound treat-
ment should avoid any further harm to the fragile skin in children of all ages.

There are a number of guidelines for wound treatment in adult patients regarding 
both the treatment of PUs as well as wounds in general [13]. No specific guideline 
for wound treatment in pediatric pressure ulcer wounds is available today. Up until 
now, there has been a lack of knowledge and research to guide clinical practice in the 
field of treatment of PUs in pediatric patients [37].

The use of any dressing in pediatric patients must rely on a clear goal for the 
intended treatment, with consideration of potential critical aspects like further 
harm or trauma. In addition, any dressing use in pediatric patients must protect 
the skin from further harm, like epidermal stripping. But how to proceed in the 
treatment? As in adult patients, the wound bed preparation and the debridement 
is the first action in order to increase the possibility for a pediatric ulcer to defi-
nitely heal.

Table 10.9 Common localizations of pressure ulcers in pediatric patients (0–18 years)

Along medical devices (> 50%)
Feet especially heels/calcaneus
Face (especially nose) most common site in patients under 1 year of age
Hands
Occiput (highly prevalent in PICU setting in patients with critical life condition and under 
mechanical ventilation)
Sacrum (most common in older patients (older then 8 years) and with chronical conditions
Shoulders and Toes
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 Debridement in Pediatric Patients

Wound debridement in children is an integral part of chronic-wound management 
and practitioners involved in wound care must be fully competent at wound-bed 
assessment and have an awareness of the options available for debridement. Before 
any other treatment, the wound bed must be prepared with a proper debridement 
which gives the clinician the advantage of accurately assessing the severity and 
extent of the wound. Autolytic debridement (AD) is selective and only necrotic tis-
sue is liquefied. It is also virtually painless for the child. AD can be achieved with 
the use of occlusive or semi-occlusive dressings which maintain wound fluid in 
contact with the necrotic tissue. In pediatric patients is advisable the use of thin and 
transparent hydrocolloids cut no more than 2 cm other than ulcer borders, otherwise 
you could have a peri-wound maceration. The perilesional skin must be prepared 
with protective barrier spray, fragrance-, preservative- and alcohol free. Algynates 
hydrogels are not of some advantage with respect to amorphous types. The fre-
quency of dressing changes varies from daily to every 4 days depending on the age 
and pressure location: frequent changes are required for newborn and infants 
affected by ear, occipital, malleolar and spinal ulcers. Transparent films may fit 
these prerequisites: moisture vapor permeable, conformable and exstensible, true 
barrier effect to outside contaminants, easy to be removed and easy to handle and 
shaped. AD is used with light to moderate exudate, is very selective, effective, ver-
satile, easy to perform and painless. However is not as rapid as surgical debridement 
and the occlusive situation must be monitored closely for signs of infection due to 
anaerobic growth.

Enzymatic Debridement (ED) use chemical enzymes recognized as fast acting 
products that produce slough of necrotic tissue. Some enzymatic debriders are selec-
tive, while some are not. The first type is suitable for children older then 3 years of 
age. Collagenase ointments may fit only the pediatric ulcers sparing the intact skin 

Table 10.10 Different categories of complex wounds in children

• Well known wounds: 62.5%
PUs (Newborn, Prem, SfA, LBW, WLBW)
• Emerging wounds: 37.5%
Graft versus host disease (GVHD)
Extravasation syndrome (EXVs)
Acute cancrum oris (NOMA)
Acquired sting and bite (AWs)
Posttransplantation wounds (Open and partial open abdomen)
Device associated wounds (DAW)
ECMOwounds (Extracorporeal membrane oxygenation)
Inflam Chr Intestinal Dis (ICID)
AutoImmune-Ass Ulcers (AAU)
Rare and other wounds (ROW)
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and may be used to debride both adherent slough and eschar. ED may be used as the 
first debridement instead of sharp clearing when fragile and bleeding tissues are part 
of the lesion or when a bleeding disorder is present. In few cases inflammation or 
discomfort may occur and we prefer to use ED in children aged more than 3 years.

In pediatric patients surgical debridement (SD) must be cautious thus avoiding 
inadvertent tissue damages, vascular break-in and haemorrhage. Particular attention 
must be paid to a possible infection upgrading and subsequent hematogenous spread 
(bacterhaemia). The goal is to remove necrotic tissue, biofilm, cluster of bioburden, 
fibrinous slough, infected firm exudate, clots and excessive hypergranulation. But at 
the same time we have to spare safe granulation, island of growing epithelium, bor-
ders, network of dermal capillary bundles and perilesional skin. Due to a peculiar 
fragility of the skin the limit between a soft burden and fragile healthier tissues is 
nearly virtual in pediatric patients.

This poses the basis for a microsurgical debridement (MD). Loops 4.5× or oper-
ating microscope (6 up to 26×) should be used. Under visual magnificated control, 
wide lesions, tenacious eschar, distressful and or infected ulcers could be properly 
and carefully treated. The purpose of this technique is to perform a “one and not 
repeated procedure”, avoiding staged debridements. In this way we are sure to 
reduce the parental anxia and children stress and pain. The MD reduces the interval 
existing between the healing time and a possible rehabilitation. If we consider dis-
abled children affected by pressure ulcers it’s mainly advocated to start as soon as 
possible a FKT program including hydrotherapy, tutorial adoption and wheelchair 
systematic use. During the MD deep biopsies of soft tissues could be done for a 
more pertinent microbiological diagnosis. The ability for a wound to heal is directly 
proportional to a well-done tridimensional wound bed preparation. The impact of 
microsurgical technique for pediatric debridement drastically reduced the number 
of unnecessary procedures done under general anesthesia. At one time the stressful 
and painful serial sharp debridements used for bedridden patients is now confined 
to adolescents and nearly adults. In our experience bedside debridements in children 
is incomplete in 75% in infants and in 63% in hospitalized children. But this percent 
increase in homecaring pediatric patients, up to 80% whatever is the age. Finally, 
this “all in one procedure” allows deep biopsies during the MD approach. Tissue 
biopsy or aspiration sampling of infected tissue is the “gold standard” for culture of 
skin and soft tissue infection and is especially important in premature and newborn, 
because of their physiological immunocompromission. Swab cultures are probably 
the most commonly used method to determine the resistance pattern of skin patho-
gens treated in nursing home residents. However, they are controversial, especially 
when obtained from chronic wounds. The culture may be obtained from an unin-
fected wound and lead to unnecessary antibiotic therapy. If material superficial to 
the infected living tissue is sampled, colonizers may be isolated. Adequate debride-
ment of pressure ulcers remains paramount to managing the wound, regardless of 
whether the future plan is for an eventual surgical coverage (flap, graft) or the wound 
is to heal by secondary intention. In our opinion the final debridement and recon-
struction must be done at the same time and not as separate procedures. Current 
trends favor a single-session surgical action in all children but those affected by 
polymicrobial or multiresistant infections.
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After a satisfactory debridement has been achieved NPWT for PU treatment is 
highly recommended, in some studies in pediatric patients with, for example, PU 
wounds as well as acute and chronic wounds with partial and full thickness skin loss 
and considerable exudation. The advantages of the use of NPWT in pediatric 
patients are well described in those studies and accurately studied by us.

 NPWT in Pediatric Patients

Evangelista Torricelli, 1608—University of Rome La Sapienza, is credited with 
introducing the first man-made vacuum when he turned over a column of mercury 
in a glass tube yielding the world’s first barometer (and ultimately lending his name 
to a common unit of air pressure). This was the first example of a Negative Pressure. 
After 400 years, NPWT in children have to be considered in size and noise no more 
than a toy, not invasive, to be touched in collaboration with the small patient, no 
more than a complex dress and with an easy nursing for caregivers. In few words, in 
Europe this device is considered as a simple and safe procedure for complex pathol-
ogies in a challenging heterogeneous age and for patients affected by multiple 
comorbidities. And what about the child’s feeling? The child can attend to the social 
age-related activities, without interference, he experience a pain relief, he can sleep 
and live with a nearly normal posture, no more noise rumours, no more bad odours 
and mother’s doesn’t get on nerves because of n anxia reduction.

The NPWT is a 3C system, Clean, Clear and Closed. The main actions in pedi-
atric patients are removal of a localized oedema, the exudate suction and manage-
ment, the improvement in  local microvascular and lymphatic flows. In addition, 
NPWT promotes the angiogenesis increasing granulation tissue formation and at 
the same time reducing bacterial counts. The NPWT in children is an Ilizarov’s like 
system for soft pediatric tissues. We demonstrated two type of effects in children: 
biomechanical and biomolecular. In the first case NPWT participate to a Removal 
of dead-cells and senescent cells from the hedges, exposing cells from able-to-Heal 
surfaces. In the second phase ther’s the activation of quiescent cells and finally the 
pressure is able to modify the cellular phenotype, inducing the cross-talks and cel-
lular interactions. Stretching effects inducing morphological modifications are pres-
sure conditioned and cells stretched becomes hyperproliferating. The increased 
cell-cycle activity is clearly visible on the edges and at bottom of the wound 
(Fig.  10.9). Transmission Electron Microscope studies the morphofunctional 
expression of tissue viability: increasing number of normal-shaped intracellular 
organules, perinuclear fine chromatin dispersion and proper visualization of inter-
cellular thight junctions are some examples of a new firm, solid and otherwise well 
structured neotissue, following the NPWT treatment. (Fig. 10.10). The experience 
of one of the Authors (GC), after 260 consecutive children treated with the NPWT 
we did not observe any major complication due to the procedure. 22% of patients 
were aged less than 1 yr. and the average duration is 16 days. The pressure, in the 
preferred continuous modality, is from 40 up to 80 mmHg and can reach 100 mmHg 
in ages over 3 yrs. We use microporous foam in order to avoid inside gauze-growth 
of granulating tissues. A poor result, no evidence for a reduction, has been noted in 
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*
* * *

• Progressive increase of the pressure (from 40 to 80 mmHg)
• Starting with an intermittent application (first two days)
• Check the wound axis and body position when applying
• Check the device position when positioning

Fig. 10.9 NPWT of a pressure ulcer in a 9 yr old boy. First change. Arrow is pointing at bordal 
granulating tissues and * indicates growing tissue on the bottom of the wound. Main points to be 
observed when you apply the NPWT in children: (1) Progressive increase of the pressure (from 40 
to 80 mmHg) (2) Starting with an intermittent application (first two days) (3) Check the wound 
axis and body position when applying (4) Check the device position when positioning

Increasing numberof normal-shaped
intra cellular or ganules

Perinuclear fine chromatin dispersion

Thight Junctions

a

c

b

Fig. 10.10 TEM analysis of tissues after 3 cycles of NPWT. Morphofunctional expressions of 
tissue viability. (a): Increasing number of normal-shaped intracellular organules. (b): Perinuclear 
fine chromatin dispersion. (c): Thight Junctions

8% of the cases and a delayed primary closure in 7%. Major surgery as for skin 
grafts (8%), rotational muscle flaps (6% with two propeller flaps) was used only If 
really necessary and mandatory.

The recent use of simplified-canysterless device are advisable because of a lot of 
important improvements. These instruments are ultraportable (70  g or less), no-
canyster, single-use, with a fixed negative pressure at a −80  mmHg regimen in 
continuous, self-powered (2AA lithium batteries) and easy to be used, with just one 
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one button. These tools are allocated for a low treatment period (< 20 days) and the 
mean dressing-wear-time is reduced to a minimum, not exceeding 15′ for one 
change. Simplified NPWT device is used also in premature patients, in difficult 
body site such as for spinal lesions. Because they are canysterless, the exudate 
moves through the pad and a mixed action of absorption and evaporation can man-
age until 250 mL of wound fluids (Figs. 10.11 and 10.12).

Fig. 10.11 Stage III pressure ulcer in a newborn aged 24 days of life. The wound affects the mal-
leolar area of the left foot. This lesion was previously treated for 7 consecutive days with a NPWT 
in another hospital: continuous modality, medium intensity, −125 mmHg of pressure, black foam 
as a filler. As a result of this too long interval and too high negative pressure regimen, we can see 
the maceration of the perilesional skin and an hypergranulating tissue with focal areas of bleeding. 
Despite this high negative pressure, there are some persistent areas of slough yellow colored

Fig. 10.12 This baby is a candidate for a simplified, canisterless NPWT. In this case a filler is not 
required, a lower negative pressure not exceeding −80 mmHg is the goal and a thin foam or a thin 
pad as in this situation can help the wound to heal. We used a PICO system (Smith and Nephew®) 
with two consecutive changes, after a soft debridement as a first step
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It remains a clinical challenge to use dressings which are both appropriate to the 
goal that has to be achieved in wound healing as well as to the specific pediatric 
needs, such as the different skin condition in different age categories, small body 
sites and active patients [14]. In pediatric care there is an urgent need to pediatric 
specific wound treatment. The use of dressings who prepare wound beds and sup-
port a soft debridement are highly recommended. If necessary a microsurgical 
debridement has to be performed by health care professional which are trained in 
wound treatment of pediatric patients and which have to knowledge of the special 
needs in different age groups. It is most important that fear and pain of children had 
to be avoided from first wound treatment on. Debriding wounds can therefore be 
done under local anesthesia, under analgosedation or nitrous oxide.

After cleaning the wound a careful assessment of the wound and surrounding 
tissue has to be performed and any needs to avoid further lesion along the effective 
wound needs to be considered. In most pediatric pressure related wounds exudate is 
not a higly prevalent problem. Therefore dressings with regrads to the certain 
amount of exsudate are helpful. Often small and cuttable dressings are prefferred to 
apply them easily in the sometimes small bodysites in younger children.

Needs of dressings for pediatric wound care are presented in Table  10.11 
(Fig. 10.13).

Table 10.11 Needs of 
dressing used in pediatric 
wound care

Easy to handle, easy to apply
Save in performance
No limitation of mobility and activity of children
Allow skin assessment of the surrounding skin
Do not affect the fragile skin in neonates, no epidermal 
stripping
To be adapted in very small areas and body sites
Adequate exudate management
Cutable no fix borders
Long intervals for dressing changes
Painfree dressing changes

Fig. 10.13 Easy procedure to keep a foam hand-wearable: a protection against device-related 
injuries
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 Surgery

Pressure ulcers continue to pose major challenges to the social and medical com-
munity, with the nurse pratictioners, pediatric and plastic surgeons at the vanguard 
of the multidisciplinary management of these wounds. Both pediatric and adult 
population suffer from these sores. However there are many important differences 
to take into account in children.

For instance, the surgical management of adult pressure ulcers is disconcerted by 
high recurrence rates, from 45% up to 70% as reported in literature. In contrast 
reported outcomes in surgically treated children suggest that recurrence rates are 
significantly lower (less than 10%). A possible explanation for this is in part due to 
the best and meticulous selection of pediatric candidates admitted to a surgical 
program.

Grade I and II Pressure ulcers are often treated conservatively but grade III and 
IV usually require more aggressive treatment in the form of debridement (sharp 
type) and possibly flap closure. A major question that each treating surgeon must 
answer is when should conservative local wound care and debridements be stopped 
in favor of a covering reconstruction. We believe the ideal candidate for surgery is a 
compliant child with a wound that is well cared for but has reached a steady-state 
and is failing to improve: the so called “no-more healing” lesion.

Other pediatric lesions suitable for surgery are represented by: (1) persistent 
painful wounds which heavily interfere with social activities; (2) severe disabilities 
complicated from large sores close to the anal region and responsible for a full-day 
contamination; (3) pressure ulcers over and over again infected by a polymicrobial 
mutiresistant flora.

These surgical wounds could have different aspects. A bell-shaped lesion with a 
small external opening and a large internal pseudobursa over an exposed bony 
prominence.

Alternatively large cavities are seen, similar to a crater, whose parietal walls are 
entirely covered with a mucosal-like tissue and with a fragile, pale and immature 
granulation tissue present in different areas of the wound.

We try to avoid doing surgery on wounds that show signs of contracting or on 
easily manageable wounds with a disk shape. We also try to avoid flaps in patients 
with poor short-term and long-term prognosis, palliated children, patients with mul-
tiple previous flaps and children/caregivers who do not yet seem to understand their 
role in wound care and pressure relief. Co-operation between sanitary and parents is 
mandatory for the final goal: healing.

Basically, surgery means: (a) excision of the ulcer, surrounding scar tissues, het-
erotopic calcifications, edge callosities, underlying and branched pocket; (b) partial 
or complete ostectomy to remove the bony prominence when required, otherwise a 
bone biopsy If needed; (c) deep tissues sampling for microbiological purposes and 
postoperative therapies; (d) closure of the wound, which includes filling dead space 
with fascia, or muscle and skin flaps that can provide durable coverage over the 
wound with a long-term favorable follow-up and no recurrences. The final result in 
children must be evaluated after a 6 mos period of follow-up. The stability of tissues 
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covering the defect and the abscence of recurrent infections are the most important 
goals to achieve.

Children with pressure ulcers have a significant risk of developing hematomas 
postoperatively. Bleeding from minor vessels should be carefully controlled with 
gauze dressing soaked with an H2O2 and isotonic saline 50% solution loosely 
applied in the cavity before its definitive closure.

 SACRAL Pressure Ulcer: More Frequently Reported Options

 1. Treatment of undermining plus NPWT
 2. Treatment of bottom and edges plus NPWT
 3. Primary closure (reserved to few selected cases, less than 5% in our series. Very 

few pressure ulcers are suitable for direct closure and only when a negative pres-
sure wound therapy failed or If a fast treatment is advisable because of the under-
lying pathological serious disease).

 4. Skin graft.
 5. Flap (muscolocutaneous flap/fascio-myo-cutaneous flap, with or without bone 

partial resection in IV staged wounds).
 6. Sensory island flap (neurovascular island flap. This technique is use to bring 

sensations to the sacral area, for example, in young paraplegics. These flaps have 
the potential for an increase of the reinnervation and could be performed in a 
single stage without microsurgery in children aged more than 10 years).

 7. Intercostal island flap (a surgical flap in which the pedicle consists solely of the 
supplying blood vessels). Perforator flap (these flaps )accomplished the need to 
minimize donor-site morbidity from cosmetic, functional and psychological per-
spectives. The Superior Gluteal Artery Perforator Flap (SGAP) is based on the 
superior gluteal artery and venae via perforators through the gluteus maximus 
muscle. The vessels at their exit from the pelvis are 1.5–4 mm in size depending 
on the patient’s age. The Inferior Gluteal Artery Perforator Flap (IGAP) is sup-
ported by the inferior gluteal artery).

Technique: flaps based on the gluteus maximus remain the selected choice for 
sacral areas. These flaps are versatile and can include muscle or muscle and skin. 
They could be based superiorly or inferiorly.

Part or all of the muscle can be included in the design and may be rotated, 
advanced (V-Y) or turned over. Skin incision done, we made a dissection through 
the gluteus maximus muscle, beginning at the superior and lateral border, near the 
trochanter. The later portion of the muscle is divided, followed by division of the 
inferior portion of the muscle. The muscle is then elevated in a medial to lateral 
direction off of the sacrotuberous ligament. The two vascular pedicle are identified 
and the flap, completely mobilized easily covers the sacrum. In children an alterna-
tive is represented by the perforator flaps because they preserve the gluteus maxi-
mus muscle for future use if required, are less invasive and time-consuming 
procedures and are a first option, when feasible a voiding possible atrophies of the 
GMmuscle.
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 ISCHIATIC Pressure Ulcer: More Frequently Reported Options

 1. Treatment of undermining plus NPWT.
 2. Treatment of bottom and edges plus NPWT.
 3. Myocutaneous flap closure. Muscle’s choice: gluteus maximus, tensor fascia 

lata, gracilis, semimembranosus, semitendinosus.
 4. Rectus abdominis muscolocutaneous flap
 5. Free Tissue Transfer Flaps (with this technique, tissues, along with their blood 

supply, are freed from the anatomical location (“donor site”) and then transferred 
to another location (“recipient site”), corresponding to the pressure ulcer site. 
This is in contrast to a “pedicled” flap in which tissue is left attached to the donor 
site and simply transposed to a new location via various technique of mobiliza-
tion. The “pedicle” is keep intact as a conduit to supply the tissue with blood.

Technique: after the gluteal muscle mobilization we have to divid it from its 
posterior and lateral insertion to allow for medial movements and obliteration of the 
cavity over the ischium.

 The Caregiver

Wound treatment and pressure ulcer prevention in pediatric patients need to focus a 
clear goal of specific and individual needs of each patients. It is higly recommended 
that specialist for pediatric wound treatment are advised in chronical wound in chil-
dren in children with unclear wound healing and in children in critical life condtions 
with skin lesions and wounds.

Doctors, Surgeons and nurses need to define the goals of wound treatment in 
each situation and then therefore act in the way to du best performance for the child 
and his family for today and future. Wound treatment in children must allways con-
sider the effect that pediatric patients are still growing and wounds and scarring can 
affect functional and cosmetic outcomes in future. Interdisciplinary wound care 
teams taking into account these special needs in pediatric patients are mandatory.

 Palliative Wound Care

During the last 5 years, more than 400 children were wound-cared and 35% of them 
had a neurological primary system dysfunction with a subsequent moderate to 
severe disability. These children were treated also because of pulmonary (55%) gas-
trointestinal (38%) and cardiovascular (28%) conditions.

Palliative medicine is appropriate for children in all disease stages, including 
those undergoing treatment for curable illnesses and those living with chronic dis-
eases, as well as patients who are nearing the end of life.

Palliative care/cure utilizes a multidisciplinary approach to child treatment, rely-
ing on input from physicians, nurses, psychologist in formulating a plan of care to 
relieve suffering from neonatal age to adolescence. The optimal result is work as a 
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team and not as a “one man show”: alleviation of symptoms or curing the collateral 
diseases associated to the main condition is as difficult as a major operation.

Palliative wound care promote wound healing, controlling pain, managing infec-
tion, odor, bleeding, exudate and maintaining a good quality of life for the child and 
caregiver.

Improving mobility in otherwise immobile children is a tremendous effort: how-
ever, improving or relieving pain permit a more comfortable assistance and if the 
child cooperate a double good result is achieved: (1) to make him responsible of his 
mouvements: even if he is not able to move the absence of pain facilitate the turn-
over of different not dangerous positions of the body, relieving undue pressure and 
the child is therefore active in this process; (2) No pain means healing and the child 
classifies this caring time as useful for future improvements of its condition.

Ther’s an enormous relationship between wound healing and psychosocial 
factors.

And that’s why most relevant to the medical setting are the extended-family 
members in the caregiving role. The definition of family caregiver varies: this role 
include the informal and unpaid care provided by devoted figures that goes beyond 
usual and normative social support provided in social relationship. Counselling the 
family and caregivers is an integral part of treating the chronic wound. Supporting 
the dressing changes with a solid and warm (not only technical) medical action 
improves the wound care.

The best palliation for a wound that impairs quality of life is to provide to the 
“Triad Complex” any information necessary to understand how and why the wound 
is getting better: a daily diary stress both the healing process and the active conse-
quences produced by this palliative action: a painless wound, infection-free, with-
out a foul smell and a good tissue repair and regeneration limits the parental distress, 
makes more accepted the child by other patients, he can start again to play with 
them and the mother should mark on the Diary when his sun become to walk again 
for the first time after a long time.
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 Introduction

Control of pain with epidural anaesthesia represents a major advance in the care of 
delivery and it is a part of standard gynecologic surgery. Side effects of this proce-
dure are motor block, hypotension, rarely lower limb paralysis, hypothermia, and 
vertebral canal haematomas. Modern epidural techniques aim to give maximal sen-
sory block with minimal motor blockade. Furthermore fetal monitoring, intrave-
nous infusions can reduce the mobility.

Most pressure ulcers occur in older, debilitated, incontinent, bedridden patient, 
however epidural anaesthesia is associated with a low risk of pressure ulcers in 
young and mobile patients. The combination of pressure, share and friction causes 
a pressure ulcer development [1, 2].

Current management in obstetrics and gynecology encourages women to be 
mobile and the absence of pain reduces the patient movements. The patients should 
be alert to the potential problem of epidural analgesia and pressure ulcer prevention 
is a basic nursing practice [3].

 Epidemiology

A literature search identified a few articles by different authors about pressure ulcers 
in women with gynecological disorders and in pregnant women.

Shah examined three normal weight young patients (average age 40 years) with early 
stages of cervix and vulvar cancer. The patients were supine for about 120 min and 
20 mL of 0.25% bupivacaine was used for pain relief. These patients developed ulcers 
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in 1 to 3 weeks. The ulcers healed in about 4 months. The patients didn’t have any ulcers 
predisposition and the development of wounds was related to the lack of continuous 
monitoring, to the lack of adequate equipment and to anaesthesia motor block [4].

Alfirevich A et al. examined a case of pregnant overweight 28 years old woman. 
A total of 10 mL of 0.125% bupivacaine with fentanyl and epinephrine was used 
during the childbirth. After the increase in concentration to 0.25% bupivacaine, the 
patient remained motionless and approximately 20–24  h afterwards developed a 
blister on left heel and on the sacrum. Heel blister enlarged and became painful. The 
patient was discharged with continuous care of the heel lesion. At follow-up, the 
patient’s heel ulcer decreased in size and there were no areas of necrotic tissue. The 
prolonged position during the delivery and the overweight contributed to the devel-
opment of the pressure ulcer [5].

Naruse S et al. examined a case of normal weight 34 years old patient. Epidural 
anaesthesia occured for severe and persistent contraction. The patient was supine 
for 20 h. At child birth, a pressure ulcer was present in the intertrochanteric part of 
the right femur. Insufficient knowledge of medical staff about the risk of pressure 
ulcer during epidural anaesthesia caused the development of the ulcers [6].

Takahashi E et al. investigated two normal weight young patients (average age 
32 years), with a uterine leiomyoma. These patients were supine during the surgery 
for about 70 min. 0.2% ropivacaine at the rate of 4 mL/h was used for epidural anes-
thesia. In second case the epidural anaesthesia was extended for 12 h after surgery. 
The pressure ulcer developed during the first day after surgery and it was character-
ized by erythema, induration, and persistent local pain. Also in these cases the pres-
sure ulcers were not related to age, physical status, surgical procedure, type of 
disease, surgical position or nursing care, but to effect of prolonged epidural anaes-
thesia [7]. According to published evidence the incidence of pressure ulceration 
during gynecologic surgery appears low but lack a specific incidence monitoring in 
maternity units. Ulcers may heal during the surgery follow up and often the injuries 
are unreported (Figs. 11.1 and 11.2).

 Pathophysiology and Clinical Features

Prolonged pressure, friction and shear are known cause of the development of pres-
sure ulcers. Pressure is inversely proportional to the area and it is highest next to the 
bone like spines, coccyx, hips, heels, and elbows. A constant pressure for more than 
2 h produces tissue ischaemia, occlusion of the vascular network in underlying tis-
sues and irreversible tissue damage. Shear is caused by lateral or rotational forces 
which occur frequently in deep tissues. Friction and share are increased by inade-
quate incontinence pads, mattress and other devices. Furthermore the amniotic 
fluid, blood and incontinence when in contact with the skin for prolonged time can 
alterate the skin homeostasis. The patients risk factors include age, weight, conti-
nence, malnutrition, hypoproteinemia, skin hydration, anemia, infection, congenital 
hip abnormalities, gestational proteinuric hypertension and more. This combination 
may cause damage in a few minutes in some cases and all these risk factors are 
worsened in the presence of reduced sensory perception [8, 9].
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Clinical aspects of pressure ulcers are now classified according to the European 
Pressure Ulcer Advisory Panel (EPUAP) staging system [10].

Differential diagnosis of early stage pressure ulcers includes contact dermatitis 
and burns from heating pads.

 Risk Assessment

Managing risk is a fundamental part of clinical practice and preventive measures are 
required in epidural anaesthesia.

It is important to avoid analgesia with motor and profound sensory block, and 
any motor block should be reduced to the immediate postsurgery. The goal is to 
reduce the concentration of local anesthetic needed to obtain analgesia without 
motor blockade, avoid exposure to the cause of the injury and cover and protect the 
area. During the first night after the operation, the analgesic treatment should be 
changed to systemic treatment like morphine and in cases of prolonged motor block, 
patients should be treated as paraplegic. Frequency of repositioning should be 
increased.

It is essential to proceed to a clinical evaluation of the level of mobility and the 
state of skin integrity. This inspection should be carried out at the patient’s 

Fig. 11.1 Stage 1 pressure 
lesion 24 h after delivery  
with epidural anaesthesia
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hospitalisation (within 8 h) and should be continued daily to identify the presence 
of erythema, temperature and any other features of the skin [11, 12].

Sometimes lesions may appear even a few days after surgery, so a re-evaluation 
should be made at the time of the discharge from the hospital.

One of the first preventive strategies is to ensure a continuous change of position 
of patients at risk. All those aspect must be done by ensuring the patient’s comfort, 
hygiene, and the preservation of functional ability.

The frequency of repositioning should be made by considering the tissue toler-
ance, level of activity and mobility, clinical and skin features.

Repositioning must be made regularly until the total motor function and sensibil-
ity return is completed.

The nursing/obstetric trained staff should also educate patients, identified as at 
risk, in adopting behaviors and positions that should prevent their onset.

A Wound Care Team should also be involved, in order to identify, in collabora-
tion with the nurse/obstetrician, the right procedures of monitoring, evaluating, pre-
venting and treating.

Standard prevention of pressure ulcers consists of changing position every 2 h, good 
patient care, which is often provided by family members and hospital staff [12, 13].

In identifying the population at risk of developing pressure injuries, it is essential 
to use a risk assessment scale when a patient is admitted to hospital [14]. At the end 

Fig. 11.2 Stage 2 pressure 
lesion 12 h after delivery  
with epidural anaesthesia
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of the surgery and during the time of hospitalization, a periodic risk re-evaluation 
should be carried out or in any case of significant changes in clinical conditions. 
These assessments allow the staff to monitor and develop a detailed and personal-
ized risk prevention plan. It is essential also to check the effectiveness, the quality 
and the safety of the delivery and surgery equipment.

Mattress covers are often robust to prevent contamination of the foam core and 
to control the amount of body fluid, however robust foams produces areas of high 
pressure.

Then the quality of the mattress, the cover integrity and absorbent pads are of 
great importance for pressure redistribution, women should wear heel pads and be 
repositioned regularly [15].

 Wound Bed Preparation and Advanced Dressings

Treatment of pressure ulcers requires a targeted and comprehensive approach that 
will provide adequate wound bed preparation that aims at natural healing and tends 
to get the most benefits from the currently available advanced products.

The TIME acronym was introduced as a method to identify the elements to 
improve and to control the wound tissue, the infection or inflammation, the moisture 
balance and the epithelial advancement [16].

Wound bed preparation is a prerequisite for every technique and every therapeu-
tic approach and is a model that allows the clinical staff to analyze the factors that 
contribute to healing wounds [17].

To choice of the right dressing should be considered according to the character-
istics of the wound.

This evaluation results in the choice of the most suitable dressing (Table 11.1).
Careful cleansing of the wound bed must be performed at each dressing change, 

and must be followed by a new wound assessment. Before applying a dressing, 

Clinical aspect

Management of necrotic tissue Enzymes
Hydrocolloid
Idrogel

Management of exudate Alginate 
Gelling agents
Hydrofibres
Polyacrylates
Polyurethane foam

Management of infection Antimicrobial dressings

Management of new tissue
Collagen 
Hydrocolloids
Polyurethane foam

Table 11.1 Wound dressing selection according to healing phases
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always consider some aspects such as microclimate, ease of application and removal, 
skin evaluation, dressing size and comformability. Advanced dressings can be used 
for preventive and treatment purposes. If dressing is used for prevention, it will be 
necessary to continue with the preventive techniques previously described.

In treating the wound bed, especially in highly exudative lesions, evaluate and 
protect the periwound skin with barrier products [18].

 Conclusion

Epidural anaesthesia and technological developments have important health ben-
efits but, they have resulted in reduced mobility and in an increase of the poten-
tial for pressure ulcers development in healthy women. Managing risk is a 
fundamental part of clinical practice and it is essential that equipment used is 
appropriate to the situation. A prolonged anaesthetic effect for postoperative pain 
relief, can be a primary risk factor.

Developing a training and educational program specifically targeting the 
problems is relevant for all the female patients and hospital multidisciplinary 
team. It is mandatory to early identify the specific risk factors and continuously 
perform the risk assessment.

It is essential that all women are assessed for risk of pressure damage; this 
should be included as part of their care plan. Women must be informed of the 
risks and encouraged to participate in their own care. It should be recognised that 
epidural anaesthesia may create a risk of pressure damage.

In conclusion there is a real need for all hospital teams to implement guide-
lines on prevention, surveillance and to monitor activities during the delivery and 
during the standard gynecological surgical procedures.
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 Introduction

The management of pressure ulcers has a major impact on health. We are now 
increasingly focused on an “overall feel good” approach as a reference model. This 
involves not only an attitude toward healing, but also a propensity to reduce pain and 
improve quality of life for patients. Therefore a treatment that should not only protect 
and promote healing, but also reduce the complications and implications, where pos-
sible, seems to be key to a concrete prevention. Speaking of medications may appear 
simplistic if we consider only the quality of these technologies, but more significant 
if we carefully manage each stage of the process of taking care of patients with 
ulcers. This appears to be the only certain aspect in an approach to the treatment of 
pressure ulcers. Bibliographic reviews have highlighted the fact that there is still 
insufficient evidence to support dressings (Vermeulen et  al. [1], Chaby et  al. [2], 
MeReC Bulletin [3]), while recognizing a different ability to manage individual steps 
in the process of healing. If the approach to the clinical stage is a model to follow in 
choosing the most appropriate medication, we have to start with the classification of 
pressure ulcers that has a broad consensus in the scientific community. The current 
classification of pressure ulcers is the NPUAP-EPUAP-PPPIA of 2014, which 
divides skin ulcers into four categories/stages, completed by two clinical situations 
that do not allow a real categorization or staging [4]. There are also other factors that 
influence the management of a skin wound (Fig. 12.1), including the patient’s gen-
eral condition, the condition of the wound and the experience of the medical team.
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One of the main problems for clinicians is related to the choice of the most 
appropriate medication and the clinical situation. Dressings are now divided into 
traditional and advanced dressings. The purpose of this article is to provide the 
reader with a brief guide to the process of taking charge of the patient, through the 
various phases of treatment, while providing reflection on the most appropriate 
choices. Currently available treatment options include traditional and advanced 
dressing, with biocompatible and/or bioactivity characteristics that manage the 
moist wound healing well. Such medications can be associated with devices (e.g. 
NPTW) or with other bioengineering products (Fig. 12.2). During the treatment of 
pressure, friction or slipping wounds, a suitable and personalized nutrition support 
should be associated, completed by the use of prevention devices (surfaces) and 
mobilization. Dressings, both advanced and traditional, are intended to protect the 
wound, to promote healing, to absorb exudate and stop bleeding, reduce odor, pro-
mote the growth of new tissue, avoid trauma during removal on the wound bed and 
on the perilesional skin. Today, it is conceivable to think of the classification of 
medications according to the composition (Fig. 12.3), the mechanism of action of 
each (Fig. 12.4), and the clinical situation (Fig. 12.5). The characteristics of an ideal 
dressing have been described for many years and are well known: permeable for 
fluid and gas but not for bacteria; thermal insulation; comfort; reduction of the fre-
quency of application; pain management during dressing or during dressing removal, 
due to their non-adherence to the wound bed [5–7].

In our opinion, characteristics typically linked to the mechanism of action by 
which the dressings fulfill their function should be added to the list of characteristics 
of an ideal dressing. Not all materials behave in the same way on the wound bed. 
Technological developments in the basic materials (polyurethane, alginate, 
carboxymethylcellulose, etc.) have allowed clinicians to have constantly better 
performing dressings that meet the clinical needs of the patient and the wound. The 
materials are combined in different ways with each other and with antimicrobial 
agents or anti-adherent agents (including petroleum jelly, petrolatum, silicone, etc.); 

Dressing
choise

Concordance Compliance Pathway

Knowledge Wound Team

Clinician Patient Organisation

Fig. 12.1 Dressing 
pathway
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their basic properties, however, remained unchanged: degradation of necrotic tissue, 
exudate management, protection of the new tissue, development of ECM.

Dressing characteristics are particularly relevant where they actively participate 
in the repair process or in management of bacteria. In the repair process they 
promote the action of factors through their degradation (e.g., the large amount of 
water made with hydrogel induces the lysis of necrotic tissue; moreover, it supports 
the establishment of the new extracellular matrix); healing is enhanced by 
biodigestion and by collagen deposits that interact well with repair cells. Most 
dressings are used in wound exudate management; the different types of foams, 
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Fig. 12.3 Dressings according to composition
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alginates, fibers, gelling agents, hydrofibres and polyacrykates have been compared 
over time in terms of their capacity, absorption and management. Several articles 
have been written on the difference between the absorption of vertical exudates, 
horizontal exudates, and various combinations, as well as on the quantities they are 
capable of holding (Fig. 12.6) [8–10].

Antimicrobial dressings act through two mechanisms: the incorporation of bac-
teria and exudate in the dressing, and the release of the antimicrobial dressing scaf-
fold contents (Figs. 12.7 and 12.8) [11].

One of the criteria that allows the proper use of medications involves considering 
the clinical stage according to the application of the principles of TIME [12]. The 
following figure helps to explain this concept.

In a context of treatment guided by the best clinical actions, it is necessary to 
learn and choose the medication materials that meet the needs of effective action, 
both clinical and technological.

Extracellular matrix
Epidermal matrix

Dermal matrix

Collagen
Hydrocolloid

Nonadherent contact
layer

Polyurethanie film or
foam

Bacteriostatic dressing

Antimicrobial dressing

Alginate
Gelling Fibre
Hydrofiber

Polyacrylate
Polyurethane foam

Enzymatic debridement
Ointment

Hydrocolloid
Hydrogels

Necrotic tissue
management

Exudate management

Infection management

Neo Tissue management

Clinical phases

Wound closure
management

Fig. 12.5 Dressings compared to the clinical situation

12 Advanced Dressings in Pressure Ulcers

veras@usp.br



164

 Dressings for Pressure Ulcers

 Non-Adherent

These dressings are made up of a single layer of non-adherent mesh and a structure 
of polyester, polyamid, cotton or rayon-viscose. Non-adhesiveness is ensured by the 
presence of vaseline, paraffin, polysaccharides, glycerol, petrolatum and silicone. 
Such dressings protect the wound from traumatic dressing changes and may be used 
for small exudative ulcers [6, 7, 13]. [EVIDENCE = C].

Antimicrobial dressing

Antimicrobic release

Exudate Bacteria

Fig. 12.7 Antimicrobial 
effect on the wound bed

Antimicrobial dressing

Action trapping

Exudate
Bacteria

Fig. 12.8 Antimicrobial 
action within the dressing

Gas permeability

Dressing

Vertical absorbance Horizontal absorbance

Wound Bed

Exudate

Fig. 12.6 Absorption 
capacity
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 Absorbent

These dressings are polyacrylates, have an absorbent action and can be used as pri-
mary or secondary dressings. Some formulations need to be impregnated or wetted 
with Ringer lactate or saline to facilitate the absorption of exudates and bacteria. 
Some dressings contain saline gel, which is useful for debridement of fibrin and 
necrosis. They cannot be cut to prevent the escape of polyacrylate from the wound 
bed [6, 7, 14].

 Advanced Dressings

 Alginate
Derived from brown algae, these dressings have an absorbing action up to 20 
times their weight and adapt perfectly to the shape of the wound. The high 
absorbency of this medication and the ability to adapt to the wound bed facilitate 
the removal of the bacterial residues that are captured by the gelification of the 
matrix, where there is carboxymethylcellulose [EVIDENZA = B]. Through their 
action they allow for the absorption and the reduced lysis of layers of slough and 
fibrin. They come in the form of calcium-alginate, sodium-alginate or in 
combination with collagen. They are indicated for wounds with moderate to high 
exudate and interact with the dressing material to form a gel. Alginates with 
calcium ions are indicated for bleeding lesions because they facilitate clotting 
after surgery. The removal can be carried out directly or by instillation of saline, 
causing an autolytic debridement. Absorption is increased if the alginate is 
associated with a layer of viscous [EVIDENCE  =  C]. These dressing are not 
recommended for low exuding wounds or dry eschar, as they are non-selective, 
absorbing every watery element and bringing about the dehydration of the wound 
bed [6, 7, 15, 16].

 Foam Dressing
This dressing normally contains hydrophilic polyurethane foam and absorbs exu-
date, while keeping the wound moist and maintaining thermal insulation 
[EVIDENZA = B]. They are of various thicknesses and shapes, depending on the 
area of application (ex. the sacrum, heel and cavitary lesions with possible 
associations with secondary dressings); also, they do not cause any trauma at 
dressing change. They are indicated as primary or secondary dressings in partial 
thickness or full thickness wounds or under compression or negative pressure. 
They are not used in the case of dry eschar. They are indicated in category II and 
III ulcers [EVIDENCE = B]. We recommend a more frequent dressing change in 
the presence of high exudate, to prevent perilesional maceration [EVIDENCE = C] 
[6, 13, 14]. Bale et  al. [19] introduced the use of hydrocolloid dressings with 
polyurethane foam and they concluded that foam was the most effective in the 
control of exudate, but did not have significant difference in terms of wear 
time [17–19].
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 Carboxymethylcellulose
This dressing contains sodium carboxymethyl cellulose fibers and in some cases 
alginate fibers. It has an action similar to that of alginates, but with improved resis-
tance to flaking. The indications are ulcers with moderate or high exudate. The 
medication interacts with the exudate and turns it into a cohesive gel, which creates 
a moist environment and helps to control bacteria. There are types of dressings for 
undermined and tunneling wounds [20, 21].

 Absorbent Polymers
These have a high capacity to absorb and incorporate exudate. They promote an 
association with a cleaning agent (ringer lactate), an osmotic action that cleanses 
and controls moist wound environments.

 Hydrogel Dressings
These are made of insoluble cross-linked polymers (carboxymethyl cellulose) in 
association with water. Their action depends on the level of hydration and absorp-
tion of exudate or rehydration of the wound [EVIDENCE = C] and they are indi-
cated in painful ulcers [EVIDENCE = C]. They are a form of amorphous hydrogel 
or flat sheets or beads [22].

 Hydrogels
These are amorphous gels mostly made up of water and agents of various nature 
(glycerin, glycol-ethylene, etc.), that favor the rehydration of dry tissues. They are 
also effective in maintaining moist wound-healing environments, bringing about 
an autolytic debridement, granulation, epithelialization and pain reduction. They 
also can be used in cavity wounds [EVIDENCE  =  C]. There are formulations 
containing sodium chloride that facilitate and cause debridement of the lesion. 
Hydrogels may be used as primary or secondary dressings in the form of gauze. 
Use is not recommended in high-exuding lesions, because of the excessive mac-
eration, or in infected wounds, because of their occlusive action and bacterial 
growth [EVIDENZA = C] [22]. Matzen et al. [23] compared this gel with saline 
gauze and reported a reduction in the volume of the wound and the necrotic com-
ponent [23].

 Hydrocolloids
These are semi-occlusive dressings, consisting of gelatin, pectin and carboxymeth-
ylcellulose, and bring about an autolityc debridement. Hydrocolloids are primary or 
secondary dressings and may be used on pressure ulcers in all categories 
[EVIDENCE = B]), low exuding with necrosis and eschar. They are adhesive, easily 
malleable, limiting the leakage of gas from the wound bed and preventing the pen-
etration of bacteria and other contaminants, because they are waterproof. The exu-
date interacts with the dressing material to form a gel, which prevents the adhesion 
of the dressing. Use should be limited in infected lesions or altered perilesional skin 
[EVIDENCE = B]. Evidence of the use of hydrocolloids in the treatment of pressure 
ulcers comes from three meta-analyses, which assessed the impact of hydrocolloids 
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vs. dressings with paraffin gauze or vs wet to dry, which is significant for a better 
rate of healing in treated wounds [5, 6, 23–25].

 Foam Films
These are permeable to water vapor and oxygen but not to water and bacteria. They 
can be used as primary and secondary dressings, to prevent or treat category I pres-
sure ulcers. They may bring about autolysis if used with hydrogels on necrotic 
lesions or eschars [EVIDENCE = C]. They are not used on infected lesions or on 
moderate-high exuding wounds, because they do not have assorbent properties 
[EVIDENCE = C]. Use carefully in areas of skin fragility. [EVIDENZA = C] [23] 
WOCNS (Wound Ostomy and Continence Nurses Society) and AHCPR (Agency 
for Health Care Policy and Research) have indicated that their use may promote 
autolytic debridement [26–28].

 Enzymes
These consist mainly of collagenase or non-specific proteases, but also exist in the 
form of fibrinolysis, deoxyribonuclease, papain and equine catalase. They act on the 
necrosis of protein deposits on the wound bed. The collagenase acts mainly on col-
lagen bridges, elastin, and necrosis, whereas the papain acts on fibrin and fibronec-
tin. The correct application of the product should be limited to the wound bed to 
prevent maceration and the alteration of the perilesional skin. Simultaneous use 
during the dressing of antiseptics and chemical products containing metal ions can, 
if not properly removed, cancel the action of the product [28, 29].

 Antimicrobical Dressings

 Silver Dressings
These are effective in reducing bacteria and preparing the wound bed. They are 
composed of silver and various types of substrates. They are indicated in infected or 
highly colonized pressure ulcers [EVIDENCE  =  B]. These dressings inhibit the 
proliferation of bacteria with a slow release, which reduces the histolesivity induced 
by a high concentration of ions. Vermeulen [30] confirmed by a Cochrane review 
that the use of this category of dressings induced a reduction in the area of the 
treated wounds [30]. Observed a reduction of bacteria in the comparison of an algi-
nate with silver ions against alginate without silver ions [31].

 Iodine Dressings
This medication releases iodine ions when in contact with exudate and brings about 
an antiseptic action [32].

 Biguanide Dressings
These exist in various forms: post-surgical dressings, in water balance and interface 
in treatment with negative pressure. This is the only antimicrobial molecule that acts 
on biofilm [33].
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 Chlorhexidine Impregnated Dressings
These are made up of a weave gauze enriched with a percentage of chlorhexidine 
(0.5%) and paraffin. They are indicated for smaller wounds and are non-adherent [6, 7].

 Honey Dressings
These have an anti-microbial and anti-inflammatory action and can be used for cat-
egory II and III pressure ulcers. [EVIDENCE = C] [34].

 Dressings with Bacterial Binding Action
These are inert dressings, made up of a synthetic tissue with high hydrophobic 
capacity, which is able to capture and remove bacteria and other microorganisms 
from the infected and colonized wound bed. The mechanism of action exploits the 
tendency to aggregate on the part of the hydrophobic particles [35].

 Other

 Dressings with Silicone
There are various different types of materials that have been enriched with a 
layer of silicone. These are useful in promoting non-traumatic adherence at the 
wound bed and the prevention of perilesional skin damege [EVIDENCE B]. 
Compared polyurethane foams with or without silicone on categary II ulcers 
[13]. The dressings with silicone were less traumatic for the perilesional skin. 
[EVIDENCE B].

 Collagen
This is a material with high biocompatibility. The biological dressing is indicated in 
non-healing pressure ulcers of Category/stage III and IV. [EVIDENCE C].

 Charcoal Activated Dressings
These dressings have a good absorbent capacity and the charcoal absorbs odor from 
the wound bed [36].

 Hypertonic Dressings
These contain a high quantity of sodium chloride, which induces an osmotic action on 
the wound bed and promotes the dilution of pus, bacteria and slough colliquation [37].

 MMP Modulating Dressings
These modulate or inhibit metalloproteinases, which are often present in chronic 
wounds. They may be in collagen dressings or combined with secondary dressings. 
These dressings are very expensive [38].

We suggest a list of dressings to choose from, based on the NPUAP—EPUAP—
PPPIA criteria of 2014, depending on the situation of the wound bed and the perile-
sional skin [4] (Table 12.1).
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Table 12.1 Cleansing and dressings in pressure ulcers 

Category Cleansing Dressing

Frequency 
of dressing 
changes

I

Saline or ringer 
lactate

Foam film, hydrocolloids extra 
thin or film barrier

Twice a 
week

II

Saline or ringer 
lactate

LOW EXUDATE (with fibrin) Twice a 
week

Hydrocolloids, hydrogel
LOW EXUDATE (with 
granulation tissue)
MMP modulating dressings, 
collagen, non-adherent dressings

Twice a 
week

MEDIUM EXUDATE
Antiseptic 
solution (PHMB, 
Chlorexidine, 
sodium 
hypochloride)

Carboxymethylcellulose (CMC), 
foam dressings, alginates

WITH INFECTION 3 times per 
week

Silver dressings, iodine 
dressings, Chlorexidine 
impregnated dressings, 
Biguanide dressings, honey 
dressings

III

Saline or ringer 
lactate

Foam dressing or 
carboxymethylcellulose

3 times per 
week

FIBRIN-NECROTIC TISSUE
Hydrogel + foam dressing with 
silicone interface or film foam, 
absorbent polymer
TUNNELING

Antiseptic 
solution

Ribbon dressings (CMC or foam 
dressing), cavity dressings
WITH INFECTION Daily
Foam dressings with silver, 
CMC with silver, charcoal 
activated dressings, dressing 
with bacterial binding action

3 times per 
week

(continued)
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The classification of pressure ulcers is divided into 4 categories/stages, with the 
addition of an unclassifiable stage and deep tissue injury.

• Category/stage I: Non-blanchable erythema.
• Category/stage II: Partial thickness loss of dermis.
• Category/stage III: Full thickness tissue loss. Bone, tendon and muscle are not 

exposed.
• Category/stage IV: Full thickness tissue loss. Bone, tendon and/or muscle are 

exposed.
• Unstageable: Full thickness tissue loss. The depth of the ulcer is completely 

covered by slough and/or eschar.
• Deep tissue injury: This is a discolored intact skin area or blood-filled blister. 

Deep tissue injury is caused by pressure and/or shear and friction. The wound 
may evolve and be covered by thin eschar.

Table 12.1 (continued)

Category Cleansing Dressing

Frequency 
of dressing 
changes

IV

Saline or ringer 
lactate or 
antiseptic 
solution

Hydrogel with hydrocolloide, 
CMC with or without foam 
dressing

Daily

2–3 times 
per week

Foam dressing or cavity 
dressings or alginate, absorbent 
polymer
WITH INFECTION 2–3 times 

per week
Antiseptic 
solution

Dressing foam with silver, CMC 
with silver, charcoal activated 
dressing, dressing with bacterial 
binding action

UNSTAGEABLE

Saline or ringer 
lactate

Enzymes, hydrogel with film 
foam, hydrocolloids, non-
adherent dressings

Daily

DEEP TISSUE 

INJURY

Skin cleansing 
with skin care 
products

Pressure relief, costant 
mobilization. Inspection and 
revaluation

Daily
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 Conclusions
The aim in the use of each product currently available for the treatment of skin 
ulcers is the formation of an adequate wound bed. Preparation of the wound bed 
is essential in order to accelerate endogenous healing or to promote the effective-
ness of other therapeutic measures when the skin lesion does not heal spontane-
ously. Advanced medications should be used in an appropriate manner not only by 
medical specialists and medical personnel, but also by general doctors. Cost 
reduction and dissemination of use of these dressings must pass this first step. A 
UK study estimated that dressings and such materials account for 17–22% of the 
total cost of wound care [39]. In patients with pressure ulcers it is difficult to 
assess the outcome, such as improving the quality of life, control of exudate, pain 
and healing time, because of the precarious conditions and numerous comorbidi-
ties of the patient. The treatment chosen does not directly affect the duration of 
survival, so it is difficult to develop an analysis of cost effectiveness or cost ben-
efit. The correct choice of medication is oriented towards clinical and morpho-
logical criteria that identify the most obvious signs within the wound bed or 
perilesional skin. The clinician must know the main and secondary functions of 
the dressing in order to obtain maximum efficiency in the management of wounds. 
From the literature it is clear that the proper use (best practice) of dressings and 
adequate prevention result in a reduction of frequency of application and a opti-
mization of the dedicated health personnel, reducing both healing time and costs.
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13Adjunctive Therapies in Pressure Ulcers

Jakub Taradaj and Elia Ricci

 Introduction

Standard care and management of pressure ulcers involves relieving risk factors, 
improving nutrition and skin hygiene, treating infections, removing necrotic tissues, 
and applying the appropriate dressings. However, some cases are not responsive to 
the above treatment. This fact clearly demonstrates that, well-documented, promis-
ing, and inexpensive methods from adjunctive therapies are still necessary.

According to the newest “National Pressure Ulcer Advisory Panel, European 
Pressure Ulcer Advisory Panel and Pan Pacific Pressure Injury Alliance. Prevention 
and Treatment of Pressure Ulcers: Clinical Practice Guideline” [1] published in 2014 
a few forms of biophysical agents have been examined for healing pressure ulcers.

 Electrical Stimulation

One of the proposed adjunctive method in this document is electrical stimulation 
with the strongest evidence (grade A—Table 13.1) and with the highest recommen-
dation level.

The first report of electrical stimulation in the medical field is 63AC Scribonius 
Largus a greek chief physician uses an electric fish for pain control. Roman takes 
the torpedoes in the treatment of non healing (torpid) ulcers. In 1843, 

veras@usp.br

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4471-7413-4_13&domain=pdf
mailto:j.taradaj@awf.katowice.pl


176

Dubois- Reymond reported a current of an intensity of 1-mA exiting human skin 
wounds. It was later confirmed that wounds create a surrounding electric field, the 
“current of injury,” which was found to be of an intensity less than 1 mA. In 1885 
Guillaume Duchenne notes that the alternating current is more effective in inducing 
muscle contractions.

The mechanisms [2, 3] that explain how electric current promotes wound healing 
based on evidence from many animal studies and very few controlled studies con-
ducted in humans. It has been shown that electrical stimulation induces cellular 
actions in almost every phase of the wound healing cascade, including the stimula-
tion of several fibroblast activities, such as enhanced collagen and deoxyribonucleic 
acid synthesis, adenosine triphosphate production and calcium influx, and an 
increased number of growth factor receptor sites. The in vitro studies on macro-
phages, epithelial cells, and fibroblasts have demonstrated that stimulation promotes 
the migration and activation of key cells within the wound site. Additionally, in vivo 
studies involving animal models have shown that electric stimulation results in 
more collagen deposition, enhanced angiogenesis, greater wound tensile strength, 
and a faster wound contraction rate. Electric current has also been shown to improve 
tissue perfusion and reduce edema formation, indirectly stimulating healing by 
improving oxygen delivery to the tissue. However the activity of ESTIM are known 
(Table 13.2), but the modality of action are not so certainly defined, Afargan propose 

Table 13.1 Strength of evidence according to NPUAP, EPUAP and PPPIA guideline [1]

A grade
The recommendation is supported by direct scientific evidence from properly designed and 
implemented controlled trials on pressure ulcers in humans (or humans at risk for pressure 
ulcers), providing statistical results that consistently support the recommendation
B grade
The recommendation is supported by direct scientific evidence from properly designed and 
implemented clinical series on pressure ulcers in humans (or humans at risk for pressure 
ulcers) providing statistical results that consistently support the recommendation
C grade
The recommendation is supported by indirect evidence (studies in healthy humans, humans 
with other types of chronic wounds, animal models) and/or expert oipnion

Table 13.2 Activity of 
ESTIM from literature

Function Result
Chemotaxis Increase
Incretions of GF (VEGF) Increase
Blood flow Increase
Small vessels (granulation tissue) Increase
Macrophages activity Increase
Fibroblast activity Increase
Muscular tropisms Increase
Wound contraction Increase
Scar elasticity Increase
Pain Reduction
Bacterial growth (in vitro) Reduction
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a role of brain stimulation but it is based on sthocastic type of Estim [4], Kloth that 
work mainly on DC suggest e role on cell migration and activation.

The recommendation from the NPUAP, EPUAP an PPPIA guideline [1] is sup-
ported by six randomized controlled clinical trials.

The article from 2011 published in Wounds [5] showed significant progress in the 
healing of pressure ulcers of stage I–III in 29 participants treated with electrical 
stimulation. The mean area and the mean duration of pressure ulcers were 4.45 cm2 
and 3.17  months respectively in electrical stimulation group and 4.93  cm2 and 
2.80  months in the control. All patients received the same standard wound care 
(SWC). After six weeks the mean surface wound area decreased significantly in both 
groups (p < 0.001 in stimulated group and p = 0.002 in control group). In the electri-
cal stimulation group eight of 29 pressure ulcers closed versus only four of 29 ulcers 
in the control group. A mean decrease in surface wound area was 85.38% in stimu-
lated group versus only 40.08% in control group (p < 0.001). The obtained results 
were supported by our another clinical study investigating electrical stimulation 
compared with SWC for treating 50 patients with pressure ulcers in stage II–III [6].

To perform the electrical stimulation procedure in pressure ulcers special device 
and equipment is needed (Fig. 13.1). Electrodes should be made of silver or con-
ductive carbon rubber. Usually, the active electrode size ought to be matched to the 
wound size, and placed on saline soaked gauze (3–5 mm thickness) directly into 
the wound. The return electrode should be positioned on intact periwound skin. 
The exampled placement of electrodes is presented in Fig. 13.2.

Fig. 13.1 Equipment for electrotherapy in pressure ulcers
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ESTIM is a definition that collect different type of current, with different level of 
target and action, in Table  13.3 are summarized the different current applied in 
Human body.

Some time is difficult for clinicians well understand the “electrical concept”, but 
we have to consider that electricity is in the Human body, and it determine our activ-
ity at every level through nerve transmission. Collins [7] well define the different 
type of treatment with ESTIM (Table 13.4).

At this state of art (Table 13.5) two electrical procedures with Direct Current are 
the most recommended in pressure ulcer therapy:

 1. High Voltage Peaks Current (HVPC)—Table 13.6,
 2. Low Voltage Monophasic Peaks Current (LVMPC)—Table 13.7.

Fig. 13.2 Sample electrode placement in pressure ulcers

Table 13.3 Different type of current

Current Wave Energy
Pulsed Monophasic

Biphasic Symmetrical
Asymmetrical Balanced

Unbalanced
Alternated Symmetrical

Asymmetrical Balanced
Unbalanced

Direct
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The HVPC represents usually the electric charge from 250 to 350 μC/s. The 
LVPMC delivers the dosage range 300–500 μC/s. Both are useful in pressure ulcer 
healing, only if the generated by electric device parameters are precisely correct. 
The helpful for verification of signal characteristics is an oscilloscope. The 
oscilloscope is an instrument that can be used to identify and verify the characteristics 
of electrical signals that are produced by generator. The oscilloscope is useful in 
identifying signal characteristics, because it can reliably display a wide band of 
frequency ranges and a large range of amplitude. The oscilloscope can be used to 
verify that the voltage and frequencies that a stimulator applies to the patients’ 
wound are in the expected range (Fig. 13.3).

There are also some contraindications to electrical stimulation in patients with 
pressure ulcers (Table 13.8), which wound therapist should always consider during 
the treatment process.

Table 13.4 Different 
typology of ESTIM from 
Collins modified

Type Acronyms
Low intensity direct current LIDC
Low intensity pulsed direct current LIDPC
High voltage pulsed current HVPC
Decubitus direct current treatment DDTC
Simulated biphasic ES SSES
Asymmetric biphasic electrical stimulation ABES
Simmetric biphasic electrical stimulation SBES
Frequency rhytmic electrical modulation 
system

FREMS

Table 13.5 Electrical stimulation dosage range in pressure ulcer healing

IMPORTANT!
According to newest estimations [19] an electrical stimulation seems to be efficient in pressure 
ulcer therapy, when the dosage range is a250–500 μC/s, which represents a small window of 
electrical energy that has been shown to produce very favorable wound healing results

aElectric charge is a physical property of matter (e.g., wound tissue with endogenous electric field) 
that causes it to experience a force when near other electrically charged matter. Charge is measured 
in units called coulombs (C), representing a specific quantity of electrons, that is, electrically 
energy. The dosage or charge delivered into wound tissues through a treatment electrode to enhance 
healing is in the μC range, which flows in time (per seconds)

Table 13.6 Characteristics of HVPC

PRACTICAL MESSAGE—How to prepare a therapy!
1. Waveform: monophasic, double-peaked spike impulses
2. Frequency: 100 pps
3. Voltage: 100 V
4. Impulse duration: 100 μs
5.  Current amplitude: with the intensity on sensory level, below the level of muscle 

contractions (usually from 20 to 40 mA, patient should only feel a mild tingling sensation)
6.  Electrode placement and polarization: cathode “−” on the wound, anode “+” as a return 

electrode (usually in a distance of 30–50 cm from the ulcer)
7. Methods: 50–60 min a day, five times a week (from Monday to Friday)
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Table 13.7 Characteristics of LVMPC

PRACTICAL MESSAGE—How to prepare a therapy!
1. Waveform: monophasic, single rectangular impulses
2. Frequency: 64 or 128 pps
3. Voltage: 20–35 V
4. Impulse duration: 132 μs
5.  Current amplitude: with the intensity on sensory level, below the level of muscle 

contractions (usually from 20 to 40 mA, patient should only feel a mild tingling sensation)
6.  Electrode placement and polarization: cathode “−” on the wound, anode “+” as a return 

electrode (usually in a distance of a few centimeters from the ulcer). In some cases is 
allowed alternate polarity (+/−) at least every week, based on stage of healing.

7. Methods: 50–60 min a day, five times a week (from Monday to Friday)

Fig. 13.3 An oscilloscope for elecrical device calibration

Table 13.8 Contraindications for electrotherapy

WARNING!
REMEMBER, NOT TO apply to the thoracic area (or transthoracically) of a patient with 
arrhythmia, congestive heart failure, recent myocardial infarction, and other heart conditions
REMEMBER, NOT TO apply anywhere on the body of a patient with a demand-type 
implanted cardiac pacemaker or defibrillator or deep brain stimulator
REMEMBER, NOT TO apply through the carotid sinus area (at the bifurcation of the common 
carotid artery); it may cause a rise in blood pressure, reflex vasodilatation and slow the heart rate
REMEMBER, NOT TO apply transcerebrally (thru the head) at a milliamp level because it 
may cause changes in brainwave patterns. EXCEPTION: Only, microcurrent can be applied 
transcerebrally
REMEMBER, NOT TO apply through cancerous (malignant) tissue
REMEMBER, NOT NOT apply near or touching protruding metal such as surgical surface 
staples or external pins because they are excellent conductors of electricity
REMEMBER, NOT TO use on any patient who reacts very negatively to the experience or to 
the sensation of stimulation
REMEMBER, NOT TO apply to patients who cannot provide adequate feedback concerning 
the level of stimulation (infants, individuals with mental disorders)
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The HVPC and LVMPC are supported by literature, but the scientists all over the 
world still have been looking for another new electrical procedures in wound healing 
[8]. In recent years, newer technologies are miniaturized, disposable bioelectric 
dressing-like devices with imbedded electrical circuitry that have been cleared by 
healthcare regulatory agencies for wound healing in the European Union and for an 
antibacterial effect on wounds in the United States. The former battery-powered 
dressing device, Posifec stimulator delivers micro-amperage electric current. The 
latter bioelectric dressing device, Procellera is powered by 25 micro-batteries that 
when activated by wound moisture deliver from 0.6 to 0.7 V at 10 μA to the wound 
surface. Further studies are still needed.

At present, the extremely interesting experiment is conducted in China too. Zhang 
et al. [9] evaluate the effectiveness of electroacupuncture for the treatment of patients 
with pressure ulcers. This study consists of a randomized controlled trial with two 
parallel arms: a control group and an acupuncture group. Both groups will receive 
standard wound care (including changing position, using mattresses and cushions, 
and a good diet) of five sessions per week for a total of 40 sessions during the 8-week 
treatment period. In addition to standard wound care, all participants in the treatment 
group will receive electroacupuncture treatment. Hanyi needles (0.17 × 7 mm) and a 
Micro Plus transcutaneous electrical nerve stimulator (TENS) will be used in the 
trial. Two needles will be punctured into the skin of the local wound. One needle will 
be inserted into the wound center with a 90° angle and connected with the negative 
pole, while the other needle will be punctured in the normal skin 0.5 cm away from 
the ulcer margin with a 45° angle and connected with the positive pole. Both needles 
will be applied without lifting, thrusting, or rotating. The electric stimulator will be 
turned on with 500 μA, 0.5 Hz, 30 min each time, for five sessions per week for 
8 weeks. The following outcome measurements will be used in examination of par-
ticipants: wound surface area (WSA), visual analogue scale (VAS), and the propor-
tion of ulcers healed within trial period (PUHTP). All the outcomes will be evaluated 
at the start of the study, at the end of the fourth week, at 2 months after randomiza-
tion, and 4 weeks after treatment cessation.

The DDCT wave-form has been processed from electrical activity that was 
observed and measured around healing wounds. The type of ESTIM is a stochastic 
signal close to the signal present in human body [10]. Electrodes are placed on 
healthy skin surrounding the wound (Fig. 13.4), time treatment is 30 min, 2 session 
a day. Adunski and Ory, [11] in an RCT reported an increase in healing rate and 
speediness in treated group vs control group. Afargan suggested a role of nerve 
system. The Frems is another type of stochastic E-STIM, based on a predefined 
asymmetrical wave, determine an increase of blood flow (vasomotion) and an 
increase of healing rate (Fig. 13.5).

In conclusion the electrical stimulation seems to be the most efficient therapy in 
alternative methods with the strongest evidence. However, there are some other 
interesting biophysical agents, but at this moment with much smaller recommendation 
level (laser stimulation, extracorporeal shock wave therapy or hyperbaric oxygen 
treatment).
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 Laser Therapy

Laser therapy has been used to accelerate wound healing since the late 1960s, but its 
results are still controversial. Due to current insufficiency of evidence to support or 
refute the use of laser irradiation in the treatment of pressure ulcers, laser therapy is 
recommended in newest guideline [1] with only relatively poor grade “C”.

Woodruff et al. [12] performed a metaanalysis of 24 animal and clinical studies 
on the effectiveness of laser (including infrared-based units) on wound healing in 
variety of ulcer on both animals and humans. They concluded that laser therapy 
studies had numerous methodological limitations.

In view of the absence of randomized studies with sufficiently large sample 
sizes, our research team assessed the efficacy of lasers for treating pressure ulcers. 
Taradaj et al. [13] performed in 2013 a prospective, single-blinded, and randomized 

Fig. 13.4 BST method

Fig. 13.5 FREMS method
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clinical trial to assess the effect of laser therapy as a potential alternative to standard 
care. We wanted to compare a few common wavelengths in pressure ulcer therapy 
in a well-prepared and well-planned research program. The primary endpoint in this 
trial included both the percentage reduction of the ulcer surface area and the 
percentage of completely healed wounds after one month of therapy (ulcer healing 
rate). The secondary endpoint was the ulcer healing rate at the follow-up evaluation 
(3  months after the end of the study). In total, 72 patients with stage II and III 
pressure ulcers received laser therapy once daily, 5 times per week for 1 month 
using a (GaAlAs) diode laser with a maximum output power of 50  mW and 
continuous radiation emission. Three separate wavelengths were used for the laser 
treatment: 940 nm (group I), 808 nm (group II), and 658 nm (group III). An average 
dose of 4 J/cm2 was applied. In group IV, a placebo was applied (laser device was 
turned off). The results of our study showed that the wavelength of the laser beam is 
extremely important during the wound-healing process (and perhaps this is one rea-
son for the many controversies). In this trial, we found no evidence that justifies 
using laser therapy at wavelengths of 940 and 808 nm as an adjuvant to the future 
consensus pressure ulcer treatment. However, in our opinion the wavelength of 
658 nm (dose 4 J/cm2, 5 times a week, once daily) is interesting adjunctive therapy 
and efficient in pressure ulcer healing (the sample results before and after monthly 
therapy is presented in Figs. 13.6 and 13.7).

Fig. 13.6 Pressure ulcer 
before laser therapy

Fig. 13.7 Pressure ulcer 
after 4 wks of treatment
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 Extracorporeal Shock Wave Therapy

Extracorporeal shock wave therapy (ESWT) is a modern, adjunct medical proce-
dure aimed to improve the skin condition of patients with chronic and acute soft 
tissue wounds. ESWT is defined as a sequence of biphasic, high-energy acoustic 
pulses that generate transient pressure disturbance and propagate rapidly in three- 
dimensional space; this therapy is associated with a sudden rise of pressure applied 
directly into tissues without any damaging effect.

ESWT utilizes two basic types of generators: radial and focused. They differ in 
terms of shock wave propagation and the physical characteristics of the energy. 
Radial ESWT is produced by pneumatic devices located inside the generator that 
create linear pressure with low energy values. The energy is produced by the 
pressure wave, while compressed air accelerates the cartridge strikes at the top of 
the applicator. The energy generated by the pressure wave is absorbed into the skin 
approximately 3 cm deep and spreads a wider beam to a larger target area. Focused 
ESWT is generated by electromagnetic, electrohydraulic, and piezoelectric sources. 
Pressure pulses rise rapidly in range of 10–100 MPa and concentrate the acoustic 
energy beam with a penetration depth of approximately 12 cm.

Our research team [14] described a third type of defocused ESWT: an acoustic 
planar wave generated by electromagnetic and electrohydraulic devices. It is 
characterized by lower energy values delivered into the soft tissues and a superficial 
and quite large (3–5 cm2) impact zone. ESWT types have been differentiated on the 
basis of the level of energy applied at the focal point per one pulse during treatment 
session—i.e., energy flux density (EFD), which is determined as low energy when 
<0.12 mJ/mm2 and high energy when >0.12 mJ/mm2. The following type of ESWT 
seems to be very attractive for wound healing and is a serious chance for a new 
promising therapy in pressure ulcers.

ESWT is not indexed in NPUAP, EPUAP an PPPIA guideline [1], because it is 
very new biophysics agent. Probably, it will be discussed in updated 2019 edition of 
the guideline. At this stage the recommended parameters of ESWT in pressure 
ulcers are:

 – Type of generator: defocused
 – Frequency: 5–10 Hz
 – EFD: 0.1 mJ/cm2

 – Number of pulses: 100/cm2

 – Methods: three sessions (3–4 days interval between treatments)
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 Topical Oxygen Therapy

A continuous supply of oxygen is required for any aspect of life and obviously also 
for wound healing. The needs of oxygen during the healing process increase 50 
time, it work as substrate, but also as signal, reduce bacterial growth and increase 
collagen deposition.

Oxygen therapy can be administered in different way (Table 13.9), with different 
amount (Table 13.10). There is not a clear evidence on use of Oxygen in wound 
[15]. The HBOT is well defined in treatment of diabetic foot [16], in other wound, 
we can obtain some indication from the ECHM-ETRS guide line 2006 [17], but 
level of evidence is not so strong. Wild et al. [18], in a review on topical Oxygen 
Treatment conclude: “The effectiveness of Topical Wound Oxygen (TWO2) has been 
shown in a significant number of studies. However, there is a clear need for well 
designed RCT to measure the true advantage of TWO2 compared to other modalities 
like Hyperbaric Oxygen or advanced wound care”. At this moment, new devices 
are available, and result will be evaluated in future. Figure 13.8 shows the device 
Natrox put in place.

Table 13.9 Modality to administer oxygen in wound treatment

Type Oxygen

Hyperbaric oxygen therapy HBOT 2.4 atmosphere intermittent
Topical oxygen therapy TOT 1.03 atmosphere intermittent, 6 

LPM, intermittent
TOCT
TWO2

Transdermal continuous 
oxygen therapy

TCOT 1 atmosphere, > 2 mL/h, 
continuous

Natrox 
(15 mL/h)
Epiflo (3 mL/h)

Table 13.10 Comparison between different wound oxygen therapies

Hyperbaric Local perfusion TOCT
Local oxygen levels at wound during treatment 1800 800 350
Daily oxygen exposure 1.5 h 5 h 23 h
Average oxygen levels over a week 114 183 336
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 Summary

The electrical stimulation is the most recommended adjunctive therapy of pressure 
ulcers. At present, this biophysics agent is an algorithm for wound healing, which is 
strongly supported by literature. There are also other promising therapies, like 
HBO, laser irradiation or acoustic waves as EWST. Future studies are provided, 
which assess their usefulness in pressure ulcer care.
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 Introduction

Negative pressure wound therapy (NPWT) is defined as the controlled application 
of sub-atmospheric pressure across a wound to create an environment that promotes 
wound healing by secondary or tertiary (delayed primary) intention [1]. A suction 
pump provides continuous negative pressure that allows removal of fluid from the 
wound bed [1]. Some of the first studies using NPWT used “cupping” (with cup-
shaped devices) as a way to remove toxins from wounds [2], which evolved into 
closed-suction treatment techniques that allowed for true sub-atmospheric pressure 
over the wound [3, 4].

In 1993, Fleischmann et al. [5] reported on their use of NPWT in 15 of their 
patients with open fractures. Drainage tubes were inserted into a polyvinyl foam 
and connected to a suction device to deliver negative pressure. A transparent poly-
urethane dressing also covered the foam. Their results showed improved healing 
with granulation tissue formation in all 15 patients [5].

The use of negative pressure generated by simple suction wall units or by porta-
ble suction units may have problems in terms of achievement, control and mainte-
nance of desired levels of negative pressure. In 1997, the first commercialized 
NPWT system, developed by Argenta and Morykwas [6, 7], became available and 
was licensed to Kinetic Concepts, Inc. as VACUUM ASSISTED CLOSURE™ 
Therapy (V.A.C.® Therapy). The Food and Drug Administration (FDA) cleared the 
V.A.C.® Therapy System as a device that is intended to create an environment that 
promotes wound healing by secondary or tertiary (delayed primary) intention by 
preparing the wound bed for closure, reducing edema, promoting granulation tissue 
formation and perfusion, and by removing exudate and infectious material. The 
device is indicated for patients with chronic, acute, traumatic, subacute and dehisced 
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wounds, partial-thickness burns, ulcers (such as diabetic, pressure, or venous 
insufficiency), flaps, and grafts (Table 14.1). Table 14.2 lists the contraindications 
for NPWT.

The NPWT system consists of a reticulated open cell foam (ROCF) dressing, a 
pressure-sensing pad, evacuation tubing, a collection canister for fluid, and a 
computerized therapy unit with adjustable settings that generates negative pressure. 
The ROCF dressing is placed into the wound cavity and able to adapt to the shape 
of wound. The dressing is covered by a thin adhesive film, creating a closed system. 
After the wound is sealed, the evacuation tube is attached to an effluent connecting 
canister, and the canister is connected to the adjustable vacuum pump that generates 
a continuous or intermittent pressure ranging from −50 to −200 mmHg, depending 
on the nature of the wound [7].

 Mechanisms of Action

The exact mechanisms of action of NPWT are unknown. Some hypotheses include: 
removal of excess fluid and improving wound bed circulation, reducing bacterial 
load, promoting cell proliferation and synthesis, increasing the level of angiogenic 
and stimulatory cytokines, and endothelial cell mobilization [8–15]. Furthermore, 
the ROCF dressing used with NPWT plays a key role in allowing a uniform 
distribution of pressure over the wound surface. To help promote healing, NPWT 
provides mechanical forces at the tissue level to create macrostrain and microstrain. 
Macrostrain causes the ROCF to contract under a controlled negative pressure 
setting, drawing the wound edges together, reducing the overall wound area and 
allowing for granulation tissue to fill in, leading to improved wound healing. 
Microstrain is the transduction of pressure to tissue surfaces, resulting in cell surface 
deformation as the tissue is being pulled up into the pores (tissue stretch) and the 

Table 14.1 General 
indications for NPWT

1. Acute wounds
2. Chronic wounds
3. Traumatic wounds
4. Partial—thickness burns
5. Dehisced wounds
6. Diabetic ulcer
7. Pressure ulcer
8. Venous ulcer
9. Flaps
10. Grafts

Table 14.2  
Contraindications for NPWT

1. Malignancy in the wound
2. Untreated osteomyelitis
3. Nonenteric and unexplored fistulas
4. Necrotic tissue with eschar present
5.  Placement over exposed blood vessels, 

anastomotic sites, organs, or nerves
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compression of tissue at the struts. This microstrain leads to cellular proliferation, 
which promotes granulation tissue formation [16–19]. These effects, as predicated 
by the adequate delivery of negative pressure to the wound site, are translated into 
clinical outcomes such as improved tissue perfusion [20], reduced tissue edema 
[21], and increased granulation tissue formation [22]. The scientific foundation for 
NPWT forms the basis for the improved patient outcomes observed in the published 
clinical literature and supports its use for temporizing wounds and protecting them 
from external contamination during long-term care.

Recently, other dressings, such as medical gauze, have been used with 
NPWT. One study reported that NPWT with gauze showed similar reductions in 
wound volume compared to published data from foam-based systems [23]. Both 
ROCF and gauze dressings are currently used with NPWT for the treatment of 
wounds and promote healing by by providing a moist wound environment and act-
ing on the removal of exudates. However, due to the differences in dressing interac-
tions, gauze may not offer the same level of granulation tissue formation that is 
affected through macrostrain and microstrain with ROCF dressings [6, 16–19].

 NPWT Guidelines for the Management of Pressure Ulcers

A consensus panel of experienced wound care practitioners initially met in 2004 to 
develop an algorithm to assist physicians and clinicians regarding the use of NPWT 
in pressure ulcer treatment [24]. Two years later, another consensus panel met to 
expand upon the 2004 guidelines and further define the treatment algorithms for 
integrating the use of NPWT in patients with Stage III and Stage IV pressure ulcers 
[25]. Additionally, other guidelines exist for the use of NPWT in pressure ulcer 
management [26, 27].

NPWT should be used in full-thickness skin defects: Stage III and Stage IV pres-
sure ulcers (Fig. 14.1a–c). The dimension of the wound should be enough to allow 
an adequate contact between the ROCF dressing and wound bed and for safe 
removal of the ROCF. The decision to use NPWT is not necessarily determined by 
the depth of wound. Notably, NPWT may be used in either shallow or deep pressure 
ulcers, when the granulation tissue is poor or inadequate, and when there is a heavy 
exudate. NPWT can also be used with wounds that have undermining or tunneling. 
In addition to the contraindications listed in Table 14.2, the initial 2004 consensus 
panel established that the following wound characteristics would not be appropriate 
for NPWT use: wounds with inadequate beds, small wounds that do not allow the 
ROCF dressing to come in direct contact with the wound bed, freshly debrided 
wounds without adequate hemostasis, wounds with eschar, wounds with inadequate 
circulation, fibrotic wounds, and desiccated wounds [24].

Furthermore, NPWT must be used in pressure ulcers free of necrotic tissue; 
therefore, NPWT should begin after debridement. NPWT can be applied only in 
appropriate patients and should not be used with the following patient:

• untreated malnutrition
• patients who cannot tolerate pain that may be caused by NPWT treatment
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a

b

c

Fig. 14.1 Stage 3 pressure 
ulcer in the sacral area (a) 
before application, (b) with 
NPWT and (c) after 
2 weeks of NPWT
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• allergy or tissue intolerance to the adhesive in the drape used to seal the foam 
dressing

• patients who are unable to adhere to the treatment protocol
• patients with conditions as uncontainable incontinence, hyperhidrosis or certain 

anatomic characteristics (e.g., creases or folds in body tissue) that make impos-
sible to achieve a seal

• patients with bleeding disorders (e.g., platelet disfunction)

Pressure ulcers managed with NPWT should be monitored at every dressing 
change [28]. Generally, dressing changes can be done every 48  h and can be 
extended up to 72 h (3 times a week), but in the presence of infection, the dressing 
change should be done every 12–24 h. Ultimately, dressing changes intervals should 
be based on manufacturer guidelines and clinician discretion.

Optimal negative pressure levels are not well established, but the typical 
range is between −75 and −125  mmHg. The optimal setting of NPWT in 
pressure ulcer is −125 mmHg using the black foam and − 125 to −175 mmHg 
using the white foam. In the case of pain, the pressure can be reduced in 
−25 mmHg intervals, with a minimum pressure level of −75 mmHg. In a patient 
who is of advanced age, emaciated, or taking an anticoagulant such as warfarin, 
the initial baseline pressure of −75 or − 100 mmHg is recommended. If these 
pressure levels are tolerated, it is possible to increase the pressure to up to 
−125 mmHg. Continuous negative pressure mode should be used for the first 
48  h of treatment and can then be switched to intermittent negative pressure 
mode (5 min on, 2 min off) for the remainder of therapy [29]. In certain wound 
conditions, it is necessary to utilize the continuous negative pressure mode 
longer than 48  h or even for the duration of therapy. The patients or the 
conditions, in which the use of NPWT using the continuous mode longer than 
48 h or for the duration of therapy are:

• discomfort with the use of intermittent mode
• anatomic issue (e.g., creases or folds in the skin) or wounds in difficult areas 

(e.g., perineal or toe wounds) that make difficult to maintain an airtight seal
• wounds with undermined areas or tunneling (in these wounds, the continuous 

negative pressure modes helps in the closure of the ulcer)
• wounds with heavy drainage after 48 h

The black foam could be used to stimulate granulation tissue while assisting in 
wound contraction. The utilization of white foam dressing is more appropriate for 
epithelialization, for protection of structure, for control of granulation tissue growth 
into the foam, for tunneled or undermined areas, and for patients who cannot tolerate 
the black foam due to the pain.
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If the patient feels pain, the following are some strategies to reduce pain:

• switch from the black foam dressing to the white foam dressing
• use the continuous negative pressure mode in place of intermittent mode
• interpose a non-adherent meshed interface between the wound and the foam 

dressing
• use a protection skin product around the dermal wound margin
• use appropriate topical anesthetics or systemic analgesics
• moisten the foam dressing before removal

NPWT can be discontinued when the patient’s wound is ready for a skin graft. If 
wounds do not progress or become worse, surgical reconstruction of the pressure 
ulcer may be necessary or another adjunctive modality can be used. NPWT can be 
used to help with the healing of flaps and to decrease the volume of the wound until 
the ulcer is superficial, using another dressing that can achieve a stable reepitheliza-
tion. If after 2–4 weeks the pressure ulcer does not improve or deteriorates, the clini-
cians must evaluate the appropriateness of NPWT.

 Evidence on NPWT

Deva et al. [30] have shown that NPWT reduces the depth of pressure ulcers when 
compared to traditional forms of topical therapies [30]. This result is supported by 
a randomized clinical trial (RCT) by Joseph et al. [31] who reported that compared 
to wet-to-moist dressings, NPWT had a significantly higher percent change in pres-
sure ulcer depth, width, and volume [31]. In contrast, a prospective randomized trial 
by Wanner et al. [32] found no significant difference between NPWT and wet-to-
dry dressing in time-to-reach a 50% reduction of wound volume and formation of 
granulation tissue [32]. Nevertheless, a comparative retrospective study of 281 
patients with pressure ulcers showed significantly better wound response, satisfac-
tory wound closure, and time-to-reach closure with NPWT versus alginate or hydro-
colloid dressing [33]. In a RCT comparing the efficiency of NPWT (n = 5) or redon 
drain (n = 5) to assist wound healing of stage III/IV pressure ulcers, Wild et al. [34] 
reported that the automated NPWT system provided significantly superior support. 
After an average of 8.5 days of treatment, the NPWT mean percent of granulation 
coverage of the wound bed was 60% higher than that of the redon drain group. 
Whereas the NPWT group showed a 27% reduction in fibrin tissue at the wound 
base, the redon group showed a 22% increase. Despite an initial plan to include 17 
patients in each group, the study was terminated early due to the drastic difference 
in outcome. Additionally, NPWT required fewer dressing changes and was better 
equipped to maintain a steady negative pressure without leakage [34].

In 2011, de Laat et  al. evaluated the reduction of wound volume using NPWT 
versus sodium hypochlorite dressings [35]. This study demonstrated a 50% reduction 
in the median treatment time in the NPWT group compared to group of patients 
treated with sodium hypochlorite dressing. Several studies have supported the use of 
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NPWT in conjunction with systemic antibiotics to treat patients with infected pressure 
ulcers. Isago et al. [36] reported a consistent reduction in wound depth and surface 
area after NPWT treatment of 10 patients with stage IV chronic pressure ulcers (mean 
61.2% and 55.1 reduction, respectively) [36]. All wounds tested positive for bacterial 
contamination prior to treatment, and although only 3 wounds were deemed micro-
biologically clean after 4–7 weeks of treatment, all had substantially reduced in size. 
In a RCT comparing NPWT to a hydrogel wound dressing, the NPWT group had a 
higher percent reduction in ulcer volume and a decreased proliferation of inflamma-
tory cells [37]. Ulcers treated with NPWT also exhibited improvement despite the 
presence of underlying osteomyelitis. A study by Yao et al. (2014) [38] that included 
patients with different ulcers of the lower extremity (diabetic foot ulcers, arterial 
ulcers, venous insufficiency ulcer and pressure ulcers) reported a greater healing rate 
in group of NPWT compared the control group.

Recently, NPWT with instillation and a dwell time (NPWTi-d; 
V.A.C. VERAFLO™ Therapy, KCI, an Acelity Company, San Antonio, TX) using 
an ROCF dressing with through holes (ROCF-CC; V.A.C. VERAFLO CLEANSE 
CHOICE DRESSING; KCI, an Acelity Company, San Antonio, TX) has been used 
in the management of pressure ulcers [39, 40]. Teot et al. [39] described their expe-
rience using NPWTi-d with ROCF-CC in patients with complex wounds, including 
pressure ulcers, that had viscous wound exudate and areas of devitalized tissue. 
Results showed that after 3 days of adjunctive use of NPWTi-d with ROCF-CC, the 
majority of the thick exudate and slough was removed from the during therapy [39]/
Fernandez et  al. [40] reported on their initial experience using NPWTi-d with 
ROCF-cc in 5 pressure ulcer patients. The authors concluded that NPWTi-d with 
ROCF-CC “provided effective and rapid removal of thick exudate and infectious 
materials and promoted excellent development of underlying granulation tissue” 
[40]. Additional studies should be performed on larger patient populations to deter-
mine the efficacy of this therapy for pressure ulcer management.

 Economic Impact

Pressure ulcers are a serious health issue and can have a significant economic 
impact. The major cost drivers for wound care include time to healing, staff time, 
hospital stay, number of dressings, rate of infections and long waiting time from 
diagnosis to treatment [41]. Only a small portion of costs involve technical require-
ments to treat the wound. For instance, the cost of materials (e.g., dressings) typi-
cally accounts for 10–20% of the total cost of treating a patient [41, 42]. An initial 
study by Philbeck et al. [43] examined the cost effectiveness of NPWT as compared 
to standard therapy based on the total cost to heal a pressure ulcer of size. The 
authors found that it would take 97 days and cost $14.456 to heal a typical 22.2 cm2 
trunk or trochanter wound with NPWT compared to 247 days and a cost of $23,465 
to heal the same size wound using standard therapy (i.e., saline-soaked gauze; based 
on the outcomes of Ferrel et al.) [44]. Multiple studies have suggested that use of 
NPWT for pressure ulcers may shorten the length of care and reduce healthcare 
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costs. A comparative retrospective study demonstrated that pressure ulcer patients 
treated with NPWT experienced lower rates of hospitalization and emergent care 
encounters compared to other treatment plans, providing an estimated cost savings 
of $4209 per episode [45]. Research has also emerged indicating that early imple-
mentation is important to receive the full benefit of NPWT. In a retrospective analy-
sis of 98 Stage III/IV pressure ulcer patients, the median length of home health 
agency (HHA) stay in the NPWT early initiation (within 30 days of start of HHA 
care) group was 85 days, as opposed to the 166-day median length of stay for the 
late initiation (longer than 30 days after start of HHA care) group. A greater percent-
age of patients in the early adoption group (42%) were discharged from home care 
during their first episode versus 3% in the late group. After controlling for patient 
demographic variables, regression analysis indicated that for each day NPWT was 
delayed, almost 1 day was added to the total length of stay [46]. Larger randomized 
studies are necessary to determine the cost effectiveness of NPWT compared to 
other wound therapies for the treatment of pressure ulcers.

 Conclusions
The literature suggests that NPWT is a valid option for the management of Stage 
III and IV pressure ulcers, but it is important to note that pressure ulcers require 
a multimodal approach. Rhee et al. [47] have performed a systematic review to 
evaluate the efficacy and safety of NPWT for the treatment of chronic wounds in 
the home setting. Although the authors found a paucity of well-designed and 
well-conducted studies, they concluded that “standardization of wound care 
research protocols, such as providing consistency in comparator groups, robust 
randomized study designs, larger trials, and common definitions of outcomes, 
would be helpful in providing evidence to inform decisions about the use of 
NPWT” [47]. In conclusion, further randomized clinical studies will be important 
to evaluate the efficacy and safety of NPWT in pressure ulcers.
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15Surgical Management of Pressure Ulcers
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The occurrence of pressure ulcers has an important influence on the patient’s quality 
of life [1].

They cause significant pain and additional costs.
A chronic pressure sore is the result of various and interrelated factors that can 

not achieve a healing despite appropriate medical treatment.
The approach to the patient is multidisciplinary, with a primary systemic clinical 

evaluation aimed to correct any comorbidities and risk factors.
The surgical treatment of pressure sores allows to reduce the healing time and 

could be a challenging and therapeutic approach in case of failure of conservative 
treatment, especially in stage III and IV ulcers with the presence of infectious com-
plications such as osteomyelitis or sepsis.

For this reason, the surgery time could have an important role but not always free 
from failures, complications and recurrences.

Therefore the treatment of pressure ulcers should be a multistep process where 
the surgical approach represents the final and resolutive action [2].

 Definition of Pressure Ulcer

A skin lesion sprouts when there is tissue hypoxia causing a condition of reduced 
partial oxygen pressure. This condition brings to a vicious self-powered circle lead-
ing to the formation of a chronic wound.
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Skin microcirculation undergoes anatomical and functional abnormalities that 
involve cellular components of blood vessels and growth factors.

Ulcers have underlying ischemic mechanism possibly linked to an insufficient 
blood supply to a large tissutal area (arterial ulcer), or an obstructive disease of the 
small vessels due to immunological phenomena, or phlebostasis (venous ulcers), or 
ischemia due to compression of the blood vessels (pressure ulcers).

In case of pressure sores, pressure is the most important local factor as a cause of 
injury.

Studies conducted by Landis in the 30s reported that the pressure in the distal 
arteriolar capillary finger was 32 mmHg.

Incorrectly this pressure value could be able to collapse the capillaries with con-
sequent tissue ischemia.

However later researches have confirmed that the pressure required to cause tis-
sue hypoxia varies considerably according to the age of patients, the lesion site, and 
patient comorbidities [3].

The European Pressure Ulcer Advisory Panel (EPUAP) and American National 
Pressure Ulcer Advisory Panel (NPUAP) define the pressure ulcer as:

“Lesion localized to the skin and / or to the underlying layers, generally in correspondence 
with a prominence, as a result of pressure, or pressure in combination with shear forces. A 
number of contributing or confounding factors are associated with pressure ulcers; the 
significance of these factors has yet to be elucidated”[4].

 Staging of Pressure Ulcers

Pressure sores are classified [4] in stages according to their severity:

 I Stage: Nonblanchable Erythema

The skin is still intact but presents a nonblanchable erythema over a bony 
prominence.
The area affected by the lesion may be painful, hard, soft, warmer or cooler than 
the surrounding tissue.
This stage is the signal heralding ulceration unless appropriate preventive mea-
sures are taken (Fig. 15.1).

 II Stage: Partial Thickness

In this stage it detects a loss of partial thickness of the dermis.
The lesion may look like a vesicle intact or open / ruptured serum-filled or serum 
and blood-filled.
More often, however, it seems like a shallow open ulcer, the bottom appears 
pink, without slough or bruising.
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Fig. 15.1 I stage 
(black arrow) II stage 
(red arrow) ulcers

Fig. 15.2 III stage ulcer

In this category injuries that can be caused by stripping skin lacerations (skin 
tears), chemical burns patch, incontinence associated dermatitis, maceration or 
excoriation are not included.

 III Stage: Loss of Full-Thickness Skin

It ‘a full-thickness ulcer with exposure of the subcutaneous adipose tissue, how-
ever, bone, tendon or muscle are not exposed.
Slough may be present, but does not hide the real depth of tissue loss.
The pressure ulcer stage III may include traits undermined and tunneling.
The depth of this category of lesions depends on the anatomical position: for 
example a lesion of stage III in the occiput (where there is no adipose tissue) 
may appear very superficial, while a lesion of Stage III at the ischial regione can 
be very deep (Fig. 15.2).
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 IV Stage: Full Thickness Tissue Loss

It presents as an ulcerative lesion with full thickness tissue loss exposing bone, 
tendon or muscle.
It may be apparent slough or eschar, and often are undermining and tunnelling.
The depth varies according to the anatomical site.
The exposure of support structures such as fascias, tendons, joint capsules or 
bones makes possible the establishment of a osteitis or osteomyelitis as a com-
plication of the lesion to pressure (Fig. 15.3).
It describes additional category of pressure sores [4], which we can classify as:

 V Stage. Not Stadiabile\Not Classifiable: Loss of Full-Thickness 
Skin or Tissue: Unknown Depth

In this category we can include lesions with ulcer depth completely hidden by 
slough (yellow in color, beige, gray, green or brown) and \ or eschar (beige, 
brown or black) in the wound bed.
The lesion can be classified more precisely only after the removal of slough and 
\ or eschar: it will determine the classification of the ulcer in stage III or IV.
In the case in which there is stable eschar (dry, adherent, intact without erythema 
or fluctuation) in calcaneal pressure sores, it should not be removed as it has the 
function of “natural (biological) body cover” (Fig. 15.4).

 Pre-Operative Phase

In this phase we have to consider different aspects of patient care, the general clini-
cal evaluation, wound staging, the assessment of risk factors for LDP.

Fig. 15.3 IV stage ulcer
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 Assessment of Risk Factors for Pressure Ulcers and General 
Clinical Evaluation

The patient general clinical evaluation has to determine any possible comorbidity 
for the anaesthesiologic and surgical risk (ASA score).

Regarding the anaesthesiologic risk it is important to remember that in spine 
injured patients we could have some important peri-operative dangers, such as dys-
reflexia, bradycardia, hypotension, respiratory inadequacy and muscle spasms.

General anaesthesia of sufficient depth is effective in controlling spasms and 
autonomic dysreflexia but hypotension and respiratory dysfunctions are risks [5].

Therefore there is a growing consensus that, like in our experience, local anaes-
thesia with sedation is safe, effective and technically simple to perform.

From the general clinical point of view we have to consider:

• Age
Elderly patients are more susceptible to damage, especially due to pressure, 
because the aging skin is very thin with the presence of less subcutaneous adi-
pose tissue, and with a reduced fibrotic / elastic support of soft tissues (50% 
reduced, compared to young patients).
In elderly patients there is also a lower perception of pain, which causes possible 
changes of spontaneous posture, especially at night, predisposing to the 
ulceration.
On the contrary, in older people, lesions tend to heal more slowly even in the 
presence of optimal diets and a good state of health because the ability to regen-
erate cells decreases.
Epidemiological data report that advanced age, if associated with pressure 
sores and infection, leading to an increase mortality rate (38% vs. 27% of 
death in the elderly patients, due to cardiovascular diseases, respiratory or 
cancer) [6].

Fig. 15.4 V stage ulcer
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• Immobility
In the bedridden patients there is a higher incidence of pressure ulcers, due to 
many risk factors involved in their pathogenesis.
Generally the bedridden patient is not-self-sufficient, resulting into difficult 
patient care, with several problems in his postural changes.
This complication exposes him to the same prolonged position with excessive pres-
sure load on prominences bones, causing significant microcirculation distress.
In the particular case of bedridden patients with spinal cord injuries, in addition 
to immobility, we have nervous deficits involving vasomotor vessels control.
We should consider this peculiar feature during surgery because it could cause 
more bleeding due to less vasoconstriction, resulting in a higher risk of compli-
cation of flap vitality (Fig. 15.5).

• Haematological parameters,
Through the examination of the haematocrit and the haemoglobin value.
The possible anemic condition must be considerated in case of blood loss associ-
ated with surgery.
On the other side, hypercoagulable conditions should be corrected as they can 
cause thrombosis and vascular damage of the microcirculation, triggering pro-
cesses that culminate with limb ischemia [7].
Coagulation deficit instead are a problem for any excessive bleeding, both during 
the surgery itself and post-operatively, with the risk of bleeding and bruising [7].

• Nutritional parameters
A poor nutritional status determinate a major risk to develop pressure ulcers 
because the malnutitrion leads to tissue atrophy with a reduction of the layers 
that serve as protective cushion in correspondence of bony prominence.
Also a proper nutritional regimen is essential to ultimate a successful surgery of 
pressure sores.
It has been shown that in malnourished patients there will have an increased 
percentage of morbidity and mortality, and, on the contrary, it has also been 
proven that a good nutritional status promotes reduction in the rate of 
complications.
Clinical parameter that objective a state of malnutrition is albumin (normal range 
3.3–4.8  mg/dL; moderate malnutrition: 2.5–3.2  mg/dL; severe malnutrition 
<2.5 mg/dL) [7].

Fig. 15.5 Entrapment 
syndrome tipical patient 
with several and sistemic 
risk factors
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Patients who are in a condition of malnutrition must undertake a high protein diet 
so that they arrive at positive nitrogen balance with albumin value in the normal 
range [7].
Protein diet that can be implemented through simple additions to the daily diet 
(minerals, vitamins) or, in severe cases, such as patients unable to feed, through 
the use of parenteral and / or enteral supplements [7, 8].
When we evaluate the total caloric requirements, we have to consider the co- 
presence of febrile states, because all the conditions of hyperthermia increase the 
caloric requirements of 10% for each extra degree.
In the meantime we correct the nutritional aspect, we can better prepare the ulcer 
to surgery through conservative treatments [7].

• Kidney functions
The condition of renal failure, particularly in cases of terminal failure undergo-
ing dialysis, requires careful evaluation of the sodium, potassium and water bal-
ance, especially if we have to take an intravenous therapy and / or parenteral 
nutrition.
In addition to that, we have always to consider the renal function if a high protein 
diet has to be started.
Highly enriched protein diet is a risk factor for metabolic acidosis, especially in 
patients with kidney disease.
We can monitor renal function through creatinine and azotemia values; if the 
patient is catheterized is useful to monitor urine output of the 24 h.

• Urinal infection and incontinence
The urinary tract infection should be handled and disposed before surgery, as a 
major risk of ulcer contamination.
It could be useful the catheterization of urinary tract, in addition to a specific 
antibiotic therapy and urine culture [9].
Urinal tract infection becomes a important point to manage in spinal cord injured 
patients, bedridden patients, elderly patients, because in this kind of patients is 
common urinary incontinence that is a important risk factor to infections of the 
surgical site.

• Pelvic Rx
It is performed to assess the presence of infectious processes in the bones of the 
pelvis and femur.
It is an important element to be evaluated preoperatively, and that will then guide 
osteotomies during surgery.

• Gastrointestinal functions
As well as urine, feces are one of the major source of contamination of the ulcers, 
in particular if coexist a faecal incontinence coexists.
It is important to make a bowel preparation during days before surgery [9].
It should be considered, according to the patient compliance, a temporary colos-
tomy, a procedure that simplifies the management of the patient in the postopera-
tive period.

• Systemic inflammatory diseases
As reported, many rheumatologic diseases are sources of important 
comorbidities.
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In many cases the disease has a vasculitic component affecting the microcircula-
tion, triggering tissue ischemia and hindering flap vitality.
Rheumatologic diseases therapy frequently requires the use of corticosteroids 
and / or immunosuppressive drugs.
It is well documented that immunosuppressors agents increased the surgical site 
susceptibility to infections, quickly evolving in more severe conditions.
The corticosteroids create a state of immune deficiency and hinder the wound 
healing through their catabolic tissue.
It should be remembered that all the immunocompromised conditions (HIV, 
hematologic patients, transplant patients) are particularly susceptible to infec-
tious complications that can possibly compromise flap viability and patients 
clinical conditions. 

 Injury Assessment
Various aspects to consider: localization of the lesion, dimensions of the lesion 
(clinical examination with the support of imaging) and infections of the wound.

In this context it is essential to:

• Try to solve eventual infection [10], whit specific antibiotic therapy and advanced 
dressings and/or antiseptic agents.

• Prepare the wound bed to surgery trough the debridement of necrotic tissue, 
(possible source of infection) and better define the actual size of the lesion to 
plan an adequate reconstructive treatment [11].

• Attempt to reduce the ulcer dimension trough conservative treatment, using 
advanced dressing and NPWT.

 Infective Assessment
Numerous studies have reported that all chronic wounds are colonized by bacteria, 
usually present in most species and various strain.

The colonization does not hinder the process of tissue repair, which instead is 
more slowed or prevented by infections clinically overt [2].

The presence of infection clinically overt is mainly present in stage III and IV 
lesions, but it can be also found at the level of closed injuries (loculated abscess).

In 30% of cases, these are polymicrobial infections, and bacteria can include 
anaerobic (ex. Bacterioides fragilis) and Gram-negative (ex. E. coli, Proteus mirabi-
lis, Klebsiella and Pseudomonas aeruginosa).

Infection is a risk of increased mortality in patients suffering from pressure sores 
(50% of patients in a nursing home suffering from wound plus infection undergoes 
death, compared with 27% of those suffering only from wound) [6, 12].

Currently there is no gold standard for the diagnosis of infection.
Therefore a specific clinical evidence in addition to a semiquantitative swab, fol-

lowed by bacterial culture and sensitivity testing, according to Levine technique, is 
considered the best method [2].

It is known the importance of sensitivity testing because a not-specific antibiotic 
therapy (either topical or systemic treatment) increases only the risk of drug- 
resistance [2].
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This resistance seems not to affect the advanced dressings with antiseptics 
agents.

In contrast, the antiseptic dressings may be affected by phenomena of cytotoxic-
ity against the cell populations responsible for tissue repair.

The cytotoxicity is directly proportional to the amount of antiseptic necessary to 
perform stasis / bacterial killing [2].

Therefore antiseptics agents can be a complementary treatment to the specific 
antibiotic therapies to control the infections and bacterial growth [2].

The main agents are: silver, iodine, PHMB derivatives and hypochlorite derivatives.
They all have wide-spectrum activity, also against viruses and mycetes.
The use of silver dressings is especially recommended by the guidelines for the 

treatment of pressure ulcers with a higher risk of developing infections.
Actually, some systematic reviews documented that there are no indications for 

routine use of silver dressings to prevent infection.
The high cytotoxicity and irritating effect on tissues have decreased and discour-

aged the use, until few years ago, when they appeared on the market as 0.05% iso-
tonic solution; they can exert a powerful antiseptic function (about 5–10  min), 
without any side effects.

They do not cause any imbalance in terms of the systemic sodium concentration 
and they can be used in colonized / infected wounds with remarkable results.

 Wound Bed Preparation
The removal of necrotic tissue techniques are: [2, 11, 13, 14].

• Autolytic debridement
• Enzymatic debridement
• Mechanical debridement
• Biological debridement
• Surgical debridement and “debridement with sharp”
• Technological debridement

Autolytic Debridement
The autolytic debridement is a physiological process present in all types of wound 
that is supported through by a management in a wet environment.

It is a selective debridement of necrotic tissue, mediated by lysosomal enzymes 
present in the wound exudate.

Moist wound environment is maintained efficiently through the use of advanced 
dressings [11].

An “advanced dressing “is defined as the covering material having characteris-
tics of biocompatibility and which ensures the creation of a moist environment at 
the interface between the wound and dressing. (Interaction of the medication with 
the tissue that originates a specific response) [2].

The role of advanced dressing is carried out by restoring and maintain the ideal 
conditions of the microenvironment.

Advanced medications have different actions: [2].
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• Isolation from outside
 – Keep the temperature constant
 – Avoid contamination with bacteria outside

• The trigger autolysis necrosis
 – It is painless, but slow
 – It is permitted by the presence of lysosomal enzymes in ‘exudate
 – It may be favored by the addition of exogenous enzymes (e.g. Collagenase)

• Infection Control
 – Avoid further contamination with the external environment
 – The microenvironment created by dressing keeps under control the prolifera-

tion of bacteria
 – Dressings can be used with antiseptic agents

• Control of exudate
The exudate may contain multiple substances, including water, electrolytes, 
nutrients, mediators of inflammation, leukocytes, proteolytic enzymes (e.g. 
Matrix metalloproteinases—MMPs), growth factors and waste materials.
The MMPs break down the extracellular matrix to support cells, acting against 
the process of tissue repair.
In wound healing, exudate appears to promote healing in different ways, stimu-
lating cell proliferation and the MMPs are generally present in an inactive form.
In non-healing wounds (chronic wounds), exudate seems to have the opposite effect 
and contains high concentrations of inflammatory mediators and activated MMPs.

Enzymatic Debridement [11]
The enzymatic debridement uses the action of lytic enzymes exogenous, applied 
topically in the form of ointments and/or gels.

This procedure can be complementary and adjuvant to autolytic debridement and 
it is indicated in patients who can not be subjected to a mechanical and surgical 
debridement, such as patients on anticoagulation therapy.

Mechanical Debridement [11]
This kind of debridement uses:

• Dry gauze
• Wet-to-dry
• Impregnated gauzes
• Dressings monofilament fibers

Biological Debridement: Biosurgery [11]
This method uses fly larvae  (bred in sterile conditions) that selectively remove 
necrotic tissue.

Surgical Debridement and Sharp Debridement [11, 13, 14]
Sharp debridement refers to an ambulatory procedure, with the term “surgical” we 
mean a procedure in the surgery room.

The surgical approach can be followed directly by the surgical phase of excision, 
osteotomy and reconstruction.
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The indication for this approach is the presence of a major and compact necrotic 
tissue, and serious infections that can benefit from a rapid debridement.

The speed and effectiveness are the benefits of this aggressive approach, com-
pared to the submentioned types of debridement.

We can yet notice an increase of invasiveness, pain, risk of bleeding.
We can point up that in clinical practice, surgical debridement / with sharp 

debridement is usually the first approach, followed or supplemented by a more con-
servative treatment.

Technological Debridement [11]
In this procedures we use technologies classified into:

• DDT: direct debridement technologies
• IDT: indirect debridement technologies

The main technologies are:

• Negative Pressure – NPWT [11]
It is an IDT therapy which uses devices capable of applying a sub-atmospheric 
pressure above the lesion.
It allows to remove exudate, to reduce edema surrounding skin, bacterial con-
tamination and to contract the injury.
Among all technological debridement methods, NPWT is particularly indicated 
in the pre-operative phase, for its capacity to reduce the lesion size, one of deter-
minants of surgical reconstructive choice.
In case of infected wounds, it is recommended to use devices capable of instill-
ing an antiseptic solution achieving an important antimicrobial effect in the 
microenvironment.
The subatmospheric pressure applied to the lesion is an important parameter in 
the use of NPWT.
In literature is infact reported that a negative pressures (not above 150 mmHg) 
applied in an intermittent way allows to reach the best effects on the lesion.

• Hydrosurgery debridment [11]
It is a DDT and it uses jets of solution at high pressure to remove necrotic tissue; 
we can use antiseptic solutions, with an important advantage for the lesions.

• High frequency ultrasound debridement [11]
It is a DDT procedure that uses high frequency ultrasound (1–3 MHz).
They can be used on any type of tissues.

 Surgical Phase

The surgical procedure consists of three phases:

• Removal of the ulcers
• Osteotomy
• Reconstruction

15 Surgical Management of Pressure Ulcers

veras@usp.br



210

 Removal of the Ulcer [10]

• Swab taken inside and on the bottom of the lesion. (Useful for specific postop-
erative antibiotic therapy)

• Infiltration of the ulcer with the methylene blue, to mark the walls of’ ulcer, 
facilitating its complete removal.

• Excision of the wound, to reach a radical removal of all walls including the 
bottom.

At this step we clean up the site of the lesion outlining the actual size of dead 
space to fill.

The purpose of the excision is to have a cavity with healthy and vascularized 
walls.

Pathologic examination of the ulcer removed is recommended, because among 
the complications less frequent but no less significant, we must also consider the 
carcinomatous degeneration of the lesion to pressure, described in 1820 by Marjolin.

About 0.5% of all chronic wounds degenerates into a squamous cell skin cancer. 
Generally the latency time is very long (about 22 years), but then its evolution is 
very rapid with 2-year mortality of 80% of the cases [12, 15] (Fig. 15.6).

 Osteotomy [10]

We can remove any bony prominences and possibly infected bone portions; it is 
essential to have the pre-operative radiological examination .

The bone removal depends on different cases, if we have minimal bone infection 
without any evident osteomyelitis, we just remove the necrotic cortical bone until 
we reach the vital bone; when it is an important osteomyelitis we need to practice 
more massive osteotomies.

Fig. 15.6 Neoplastic 
degeneration of the ulcers
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Complications of osteotomies:

• Excessive bleeding
• A skeletal instability
• Muscle deficit (trochanter resection)
• Changes in the distribution of body weight (coccygectomy altering the weight 

distribution during sitting posture, encouragingrelapses)

 Reconstruction

The reconstructive choice must be carried out according to various criteria:

• Localization and size
• Regional vascularization
• Perfomance status of the patient
• Previous surgery

It is also important to consider the less traumatic option and best outcomes.
Our available choices are:

• Direct Closure (rarely used for LDP)
It is rarely indicated in patients with pressure sores, as it requires healthy, abun-
dant and vital tissue to have lesion resolution.
Despite being a fast and a traumatic method, that does not invalidate any re- 
interventions, it is restricted by the limited availability of tissue, intrinsic feature 
of a pressure sore.
Moreover, even if we can perform a direct closure, it is an increased risk of 
relapse [9].

• Grafts
From a surgical point of view this procedure is quick and easy.
Usually in patients with pressure sores we have abundant donor sites.
However, the scarcity of tissue thickness let this technique leaves the only com-
plementary role during interventions using muscle flaps.

• Flaps
In the surgery of pressure sores the most useful flaps are:
 – Fasciocutaneous flaps

They consist of a muscle fascia, overlying skin and subcutaneous tissue.
This kind of flaps is very resistant to ischemic conditions [11].
Another advantage is that muscles are not involved, so we do not eliminate 
any fucture reconstructive options using muscle flaps.
They are indicated in those patients without spinal cord injuries because they 
does not cause injury to muscles [10].
However, they have the disadvantage of being low mobility flaps.
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They are frequently used in ulcers that do not require excessive thicknesses of 
tissue, preferably without osteomyelitis and not subjected to high pressure [9].

 – Miocutaneous flaps
They consist of a single anatomic myo-cutaneous unit, where the skin overly-
ing the muscle receives blood from the underlying muscle portion [10].
The advantages of such flaps are the intake of large amount of vascularised tis-
sue, useful in those lesions with lot of tissue loss and high pressure load [9–11].
On the contrary, these solutions are more susceptible to ischemia and muscle 
atrophy [11].
We also could, partially or totally, compromise the muscle function, factor to 
be considered if the patient is young, still deambulatory or without spinal cord 
damage [9–11].
In addition to that the donor area is subjected at risk of relapse for reduction 
of the “cushioning effect” [11].
The indications are important extension of dead space, presence of osteomy-
elitis, anatomical areas subjected to significant pressure loads and require 
thicknesses of tissue to distribute this load [9].

 – Muscle flaps
They are only made of muscle, and require a skin graft to complete the cover-
age of the ulcer.
Their use is limited to cases where they are the only possibility to close the 
lesion [9].

 – Perforator flaps
“A perforator flap is a flap Consisting of skin and / or subcutaneous fat. That the 
vessels supply blood to the flap are isolated perforator (s). Perforators These 
may either pass through or between the deep tissues (mostly muscle)” [16]
The advantages of this technique is the minimal donor site morbidity, being a 
muscle-sparing technique, compared to a very good outcome in the long term.
The second advantage is the excellent mobility, guaranteed by the vascular 
pedicle, which therefore allows a good ulcer coverage [17].

In the approach to flap surgery, there are some important recommendations: [11].

• Draw the flap providing the supply of composite tissue to improve reliability, but 
without violating the adjacent angiosome to preserve future reconstructive options.

• Use large flaps with sutures localized away from ulcer excision and from areas 
of pressure load, with minimal tension, considering possible functional losses 
and the possible of postoperative rehabilitative recoveries.

• Prepare an alternative flap option in case of problems during surgery

 Sacral Ulcers

1. Random fasciocutaneous flaps [10].
They have not specific vascularization but an excellent resistance to ischemia; 

they are based on the vascular plexus arising from the fascia and goes in the subcu-
taneous tissue and in the overlying skin.However they show a reduced mobility.
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They are generally rotation flaps, drawn without any particular rules (Fig. 15.7).
2. Myo-cutaneous flap of the Gluteus Maximus [10].
In the early 70s first publications on the use of muscle and myo-cutaneous flaps 

based on Gluteus Maximus appeared.
Anatomy—Vascularization.
The Gluteus Maximus connects the pelvis to the femur. It is a voluminous mass 

of superficial gluteal region.
It has numerous heads of origin, the iliac crest, the posterior gluteal line, side 

surfaces of the sacrum and coccyx.
The muscle bundles are directed sideways below the gluteal tuberosity of the 

femur.
Vascularization is permitted by 2 pedicles

• Superior Gluteal Artery
• Inferior Gluteal Artery

They emerge respectively from the top and from the bottom edge of the pirifor-
mis muscle.

We can raise the flap involving only a single portion, superior or inferior, or both.
Surface Landmarks—Surgical Technique.
The mio-cutaneous flap of gluteus maximus can be raised as rotation flap for 

ischial wounds and as an advancement flap (with VY technique) for sacral wounds.
In case of extended sacral wounds it is possibile to raise a bilateral flaps.
In the preoperative planning the draw of the border of the flap is performed with 

the patient in the prone position.
We draw a triangle that has the ulcer as base and the apex is laterally.

Fig. 15.7 Random 
fascioscutaneous flaps
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The design of the skin island is placed in the upper or lower half or lower of 
Gluteus Maximus, depending on the portion of muscle we decide to use.

It involves the skin, the subcutaneous tissue and the fascial layer until the muscle, 
that are separated in the same direction without including the Middle Gluteus.

We then cut the sacral and femoral muscle insertions.
At this point, the flap is advanced and the donor area is closed with the VY 

technique.
If we have to perform a bilateral flap, the procedure is carried out on the opposite 

Gluteus Maximus.
3. Transverse flap of the back [10].
It is an axial, fascio-cutaneous flap, therefore it does not involve muscles, being 

a valid option in patients with high functional demand.
However, it has the disadvantage of requiring a graft to close the donor area, 

which can be important in size and particularly visible on the back.
Vascularization is based on lumbar and intercostal perforators vessels.
Surgical Technique—Surface Landmark.
It is an axial skin flap, with a transverse orientation in the lumbar region, imme-

diately cranial to the wound.
The base is placed on one side, at the level of muscle erector spinae.
The flap can have a ratio of length to width of 2:1.
The lateral margins can be extended to the posterior axillary line.
Once raised the flap, the ulcer is covered through a rotation movement; the donor 

area is closed using a skin graft.
4. SGAP [10, 18].
This flap, prepared for the first time by Allen Tucker in 1993 and published in 

1995, includes the use of adipo-cutaneous tissue supplied by a branch of superior 
gluteal artery perforator without the sacrifice of the underlying structures.

The function and the mass of the gluteus maximus muscle remain well 
preserved.

It was also recognized that the more the dissection of the vascular structures 
proceeded through the muscle, the more the length of the pedicle significantly 
increased, making the flap movements easier or performing vascular anastomosis in 
case of free flap.

It is indicated for the coverage of ischiatic and sacral pressure sores.
Anatomy—Vascularization.
The superior gluteal artery is the branch of the posterior division of internal iliac 

artery.
It is the most massive of the branches.
He leaves the pelvis at the upper edge of the piriformis muscle and enters into the 

buttock where it divides into a superficial branch and a deep branch.
Sugical technique—Surface Landmark.
The preoperative drawings are usually made the day before surgery with the 

patient in the prone position.
The posterior superior iliac spine and the greater trochanter are marked, and a 

line joining these two points is drawn, which is approximately the upper edge of the 
piriformis muscle.
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The superficial branch of superior gluteal artery emerges in proximity of the 
junction of the proximal third and the middle third of this line.

The vessels are indicated using a Doppler probe, and we draw the flap planning 
around them.

The flap has an ellipsoidal shape, with dimensions of about 22 × 8 cm.
Potentially the length of the vascular pedicle is about 10 cm, if the dissection is 

set up to the Superior gluteal artery.
The donor area of the flap is properly with a direct closure.
It is useful to position one or more drainages in the most lateral incision to 

decrease postoperative discomfort of the patient (Fig. 15.8).
The most important anatomical structures we encounter in the gluteal region dur-

ing dissection are:

• The sciatic nerve
• The inferior gluteal artery
• The internal pudendal artery
• The posterior femoral cutaneous nerve.

They emerge from piriformis muscle; they require attention during the dissection 
procedures to prevent iatrogenic injuries.

The sciatic nerve is the most frequently damaged when traction is applied on the 
piriformis muscle to expose the superior buttocks vessels.

If the retractile force is transmitted to the sciatic nerve, the patient will complain 
paresthesia for several days.

5. IGAP [19].
Allen and Tucker in 1993 used the same technique initially applied to the flap 

S-GAP also for the lower gluteal artery to realize the I-GAP flap.

Fig. 15.8 SGAP with V-Y 
technique for the direct 
closure of the donor area
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Among the advantages of the latter it is to report the location of the scar, cosmeti-
cally acceptable, reliable anatomy, a donor site with good volume, a solid consis-
tency of the adipose tissue.

For the anatomical proximity they are ideal reconstructions for sacral and ischi-
atic wounds.

Anatomy—Vascularization.
The IGA is the largest division of the branches of the anterior trunk of internal 

iliac artery.
It descends between the greater trochanter and the ischial tuberosity, together 

with the sciatic nerve and femoral cutaneous nerve, covered by the gluteus maximus 
muscle.

Then come into the buttock and resolves in the terminal branches.
Surgical technique—Surface Landmark.
The draws are made with the patient in the prone position.
The lateral margin of the sacred, the greater trochanter, and the ischial tuberosity 

are marked. These drawings respectively identify the origin, insertion and bottom 
edge of the gluteus maximus muscle.

We draw a horizontal skin lozenge of about 4 cm above the lower gluteal fold.
The flap width should be from 10 to 12 cm; it can provide closing of the donor 

area without tension.
The length of the flap is usually from 20 to 26 cm, and extends from the ischial 

tuberosity, medially, to the greater trochanter, laterally.
Potentially the length of the vascular pedicle may be about 10 cm, if the dissec-

tion continues until the inferior gluteal artery and vein (Fig. 15.9).
The donor area of the flap can be closed with a direct closure.
One ore more drainages are positioned in the most lateral incision to decrease the 

discomfort of the patient in the postoperative.

Fig. 15.9 IGAP 
pre-operative draw
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The most important anatomical structures we encounter during dissectionare:

• Sciatic nerve
• Inferior gluteal artery
• internal pudendal atery
• femoral cutaneous nerve

They emerge from piriformis muscle and they require attention during the proce-
dure to prevent iatrogenic injuries.

 Trochanteric Ulcers

Approaching trochanteric ulcers we should remember:

• The trochanter is an important anchor point muscle, so we must pay attention to 
any osteotomies

• Presence of bursae that can be possible site of infection and / or calcifications, 
which must eventually be removed.

1. Tensor fascia lata Mio-cutaneous flap [10].
Anatomy—Vascularization.
M. Tensor Fascia Lata originates from the iliac crest and continue in the ileum 

tibial tract.
Vascularization of the muscle is given by lateral circumflex femoral artery who 

gives origins to the perforator vessels.
Perforator vessels breakthrough the medial muscle flap to a point localized at 

8–10 cm from the anterior superior iliac spine (ASIS).
Surface Landmarks—Surgical Technique.
For the flap planning we initially mark, on the skin, the perforators repere point, 

located about 8–10 cm inferiorly to ASIS.
The limits of the flaps are:

• Anteriorly, a line from the ASIS to the lateral condyle of the knee.
• Posteriorly, a vertical line passing through the greater trochanter
• Inferiorly, a line extends up to approximately 7–8 cm from the knee (Fig. 15.10).

The flap raising proceeds in a distal-proximal direction and includes muscular 
fascia.

Once located the repere point ofcutaneous vessels, the flap is rotated to cover the 
trochanteric ulcer.

In this case it necessarily forms a “dog ear” which requires a second remodelling 
surgery.

It is possible to raise it as an island flap, avoiding the formation of the “dog ear”.
2. Vastus Lateralis Muscle flap [10].
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Anatomy—Vascularization.
The vastus lateralis of the quadriceps femoris extends from the greater trochanter 

and the gluteal tuberosity to the patella.
The muscle is located deeply to the fascia lata, important surgical 

consideration.
The overlying skin is supplied by the fascia lata vascularization and it is indepen-

dent of the vastus lateralis; therefore this flap is only a muscle flap.
Vastus lateralis is an expendable extensor muscle of the leg that could be replaced 

by the quadriceps.
Vascularization of the muscle is provided by:

• Descending branch of the lateral femoral circumflex artery
• Large artery in the vastus lateralis (originating from both the lateral circumflex 

that the prfunda femoris artery)

The vessels repere point in the skin surface is about 10 cm from SIAS.
Surface Landmarks—Surgical Technique.
The incision from the trochanteric margin of the ulcer extends obliquely towards 

the patella, remaining 10–15 cm distal to the ASIS.
It is made trhough the fascia lata and until the vastus lateralis and the rectus 

femoris, between with a definite cleavage plane between two muscles.
The dissection proceeds in distal-proximal direction, going to cut the distal inser-

tions of vastus lateralis, to mobilize the muscle.
At this point, the flap can be rotated to cover the lesion.
It can also beraised as an island flap, dissecting even the proximal insertions of 

the muscle.
The advantage of the island variant is to allow a greater range of motion, useful 

in difficult rotation coverages.
After that we have to proceed to closure using a skin graft.
3. PFAP (described in the section of the ischial ulcers).
4. LCFA—Tensor Fascia Lata Perforator Flap [20].

Fig. 15.10 Tensor fascia 
lata Myo-cutaneous flap 
pre-operarive draw
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Anatomy—Vascularization.
The lateral femoral circumflex artery vascularizes a large area of the thigh.
It is divided into three branches: the ascending, transverse and descending, which 

carry blood to the superolateral, anterior and anterolateral skin of the thigh.
The lateral circumflex artery runs deep to the sartorius muscle and the rectus 

femoris and at this level divides into its three branches: ascending, transverse and 
descending one.

The descending branch is useful for the preparation of the perforator flap, it 
originates medially to the vastus lateralis of the femur.

Surface Landmarks—Surgical Technique.
The flap may extend from the iliac crest (proximally) to the lateral condyle of the 

femur (distally).
The cutaneous territory of this flap is localized over the vastus lateralis of the 

femur, delimited at the front (medially) from the rectum of the femur and posteri-
orly (laterally) from iliotibial tract.

Vessel must be researched in the plane between the rectum and the vastus 
lateralis.

The patient is placed in the supine position and we draw a line from ASIS to the 
lateral border of the patella; it coincides with the septum between the vastus lateralis 
and the rectus femoris.

We draw a circular area of about 6 cm, having the largest number of perforators, 
in the middle of this line.

The size of flap obtainable using a single perforator is about 22 cm length and 
8–9 cm width.

If we need a greater amount of skin it is advised to include more than one perfo-
rators during the flap raising.

The incision is made along the medial outline, until the muscle fascia.
The dissection proceeds superficially to the fascia, until the isolation of the per-

forator vessel previously reperted with the Doppler probe.
Once we find the perforator, we cut the lateral margins of the flap, and then we 

detach it medially until we reach the perforator in order to raise the island flap.
Then we proceed to skeletonization of the perforator, which can be settocutane-

ous or musculocutaneous.
Potentially, the vascular pedicle can be 8–12 cm long.

 Ischial Ulcers

1. Myocutaneous flap of Gluteus Maximus (described in sacral ulcers).
2. Myocutaneous flap of m. Biceps Femoris [10, 21].
Anatomy—Vascularization.
The biceps femori originates from ischial tuberosity (long head) and linea aspera 

(short head) and takes insertion in the fibula and lateral condyle of the tibia.
Vascularization comes from the perforators of the Profunda Femoris Artery, 

emerging in the the space between the Biceps Muscle and medial muscles of the 
thigh, in the upper half of the flap.
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It can be raised both as miofasciocutaneous and fasciocutaneous, depending on 
the amount of tissue to cover the ulcer.

Surface Landmark—Surgical Technique.
The preparation of the fasciocutaneous flap can be performed with the VY tech-

nique or as an advancement / rotation flap.

• The advancement flap with the VY technique

The flap is prepared in the posterior thigh, starting from the bottom edge of the 
ulcer; it involves the skin and fascia covering the muscle biceps femoris proceeding 
in the medial-lateral direction and then is advanced to cover the ischiatic lesion with 
VY technique

• Fasciocutaneous advancement / rotation flap with medial vascular pedicle

The incision proceeds from the lower margin of the ulcer in the lateral portion of 
the thigh to the distal edge of the designed flap.

We then proceed with the subfascial dissection extending to the semimembrano-
sus and semitendinosus muscles.

Finally the flap is advanced / rotated to cover the wound.
The mio-fascio-cutaneous variant of the flap is always performed from the bot-

tom side of the ulcers, to continue in the lateral portion of the thigh to the distal 
region of it.

It is then cutted the distal insertion of the biceps femoris muscle and the dissec-
tion proceeds in a distal-proximal direction, up to about 10 cm from the origin of the 
ischial tuberosity, preserving the proximal pedicles. 

Once dissection is completed the flap is raised and overturned on itself to fill the 
ischiatic defect.

Subsequently, the fasciocutaneous flap is advanced / rotated over it to cover 
everything.

3. Gracilis Muscle flap [10].
Anatomy—Vascularization.
The Gracilis muscle origins near the pubic symphysis at the front face of the 

ischiopubic ramus.
It takes insertion on the medial aspect of the tibia and its distal tendon, together 

with those of the semitendinosus and sartorius muscle, form the “goosefoot”.
The dominant vascular pedicle arises from the medial circumflex femoral artery 

(branch of profunda femoris artery) that enters the muscle, in its proximal third, 
10 cm below the pubic symphysis.

We have also a secondary pedicles from the obturator artery and the superficial 
femoral artery.

The main pedicle gives a safe supply to all the muscles and allows a wide arc of 
rotation especially if the muscle is removed from its proximal insertion.

The flap can be used as a muscle flap (and thus it requires a graft to complete the 
coverage) or as a myocutaneous flap.
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If we use the miocutaneous variant, we must take a skin area going 2–3  cm 
beyond the margins of the muscle, in its proximal portion.

Surface Landmark—Surgical Technique.
The muscle is located just posterior to a line joining the pubic symphysis to the 

medial condyle of the tibia; we have to cut in the distal 2/3 of that line, isolating the 
Gracile muscle tendon.

The muscle is raised in a distal-proximal direction, going to search the vascular 
pedicle in the 1/3 proximal of it.

The flap is then transposed into the lesion to be filled.
4. Hamstring Flap [10, 21].
Anatomy—Vascularization.
The flap of Hamstring is a myocutaneous flap of the posterior thigh.
The muscles of the posterior thigh are also known as the Hamstring muscles.
From lateral to medial these muscles are:

• biceps femoris
 – origin: ischial tuberosity (long head) and line aspera (short head)
 – end: fibula and lateral condyle of tibia

• semitendinosus
 – origin: ischial tuberosity
 – end: medial surface of the body of the tibia

• semimembranosus
 – origin: Ischial tuberosity
 – end: medial condyle of the tibia

The main source of cutaneous vascularization comes from the profunda fermoris 
artery (PFA) perforators.

It is important to remember that each Perforators of PFA gives a posterior ad a 
lateral branch.

The posterior branches supply the Hamstring musculature and overlying skin.
Surface Landmark—Surgical Technique.
This triangular flap is raised on the posterior aspect of the thigh, with the base 

coincident with the edge of the caudal ulcer.
The muscles of the flap are removed proximally and distally to facilitate its 

mobilization, its proximal advancement and its suture to the edge of the Maximus 
Gluteus .

The donor area is closed directly with the VY technique.
5. PFAP -1 and − 2 [21].
The thigh has become a rich source of .perforator flaps perfused by the medial 

and the lateral femoral circumflex arteries.
A first perforator flap coming from this region was performed in 1984 by Song 

et al.
The knowledge of various fasciocutaneous flaps in the posterior region of the 

thigh together with the knowledge of the vascular anatomy of this area allows us to 
recognize many perforator flaps.
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Anatomy—Vascularization.
The profunda femoris artery originates from the lateral surface of the femoral 

artery approximately 3.5 cm below the inguinal ligament from the bifurcation of the 
common femoral artery.

Its main collateral branches are:

• Medial femoral circumflex artery
• Lateral femoral circumflex artery
• 6 perforators vessels

The main source of cutaneous vascularization of the posterior lateral surface of 
the leg is provided by the first and second profunda femoris artery perforators 
(PFAP-1, PFAP-2).

The medium-posterior surface of the thigh is vascularized by the medial femoral 
circumflex artery, by the musculocutaneous perforators, by the first branch of the 
medial profunda femoris artery, and, distally, by the fourth branch of the profunda 
femoris artery (PFAP-4).

The median posterior surface of the thigh is vascularized by a branch of the infe-
rior gluteal artery, by a branch of the third perforator of the profunda femoris artery 
(PFAP-3) and, distally, by a perforator of the popliteal artery.

In the raising of perforator flaps we have to refer to perforator vessels, directed 
through the adductor muscles to the skin of the lateral thigh, where they originate 
the suprafascial plexus.

Typically these flaps are arranged on the first and the second perforator of the 
profunda femoris femoral artery, because of their calibers and usually Doppler valid 
signal.

Surface landmark—Surgical technique.
We draw the flap with patient in the prone position.
The perforators are to be checked through Doppler probe.
The first perforator of PFA pierces the deep fascia of the thigh approximately one 

third of the distance from the greater trochanter to the lateral condyle.
The PFAP-2 usually is the largest; it enters the surface 4 to 6 cm below the ischial 

tuberosity.
Once the perforator are localized, we perform an elliptic drawing including the 

perforators.
The major axis of the flap has to be oriented along the femoral axis and it should 

have a length of about 15–20 cm and a width of 8 cm (depending on the tissue lax-
ity) to allow the direct closure of the donor site .

As the flap is raised it should be preserved the largest perforator among PFAP-1 
and PFAP-2.

We have to remember that in some particular case we use the Propeller variant, 
which consists in a 180° rotation of the flap around its pedicle.

This technique represents a valid and reliable alternative for coverage of com-
plex, large, late-grade ischiatic pressure sores because of its possibility to rotate as 
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a propeller and its vascular safeness, using the posterior region of the thigh as the 
donor site, which is a suitable area for its vascular and integumentary aspects.

The key point consists on a skeletonized vascular pedicle of sufficient length to 
avoid kinking of the perforator, resulting in ischemic flap [17].

6. PFAP—am [21].
This flap, also known as adductor flap, can also be used as pedicled flap for ischi-

atic or perineal lesions .
The perforator the flap is based on is the muscolocutaneous perforator artery, 

among the largest of the human body (0.8–1.1 mm).
It originates about 8 cm below the inguinal fold and 2 cm posterior to gracilis 

muscle.
It allows the use of a large amount of tissue (up to 25 × 10 cm) with the problem 

of donor area closure by skin graft. The max length of the vascular pedicle is 
8–9 cm.

The “frog legs” patient position could be useful during the pre-operative draw-
ing, to accentuate the gracilis muscle.

 Post-Operative—Treatment

In the post-operative care must be taken of two aspects of patient care:

• General clinical conditions
• Flap care

 General Clinical Condition

In the acute phase it is important to monitor patient parameters that may indicate an 
excessive blood loss, such as hematocrit, hemoglobin and blood pressure.

Check the drainage is also important to monitoring the post-operative bleeding [9].
A high-protein and high-calorie diet is recommended, especially in elderly and 

malnourished patient.
The positive nitrogen balance is important for the wound healing.
Protein diet that can be implemented through simple additions to the daily diet, 

or in severe cases as in patients unable to feed themselves, through the use of sup-
plements parenteral and / or enteral [7, 9, 22].

Always consider whether the patient is in chronic renal failure.
It is important to remember the usefulness of bladder catheterization that allows 

us to avoid contamination of the surgical site with the urine and at the same time 
allows us to assess the kidney function [7].

It is recommended to start a systemic antibiotic therapy in order to follow the 
result of the swab performed in the intra-operative phase, on indication of the 
antibiogram.
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 Flap Care

To maximize the chance of engrafment is necessary to avoid the load and the 
mechanical stress of the flap [9].

The discharge is implemented through the adoption of fluidized beds [2, 9, 22].
Generally it is maintained for 2–3–4 weeks [2, 9].
It is recommended to keep the wound clean, avoiding the possible contamination 

with urine and feces [23, 24].
For this purpose it is useful catheterization and adopting a diet with low fiber 

intake [9].
It should be taken into account, according to patient compliance a temporary 

colostomy, a procedure that simplifies the management of the patient 
postoperatively.

Acute charged to the flap that can occur are:

• Seromas
• Hematomas
• Ischemic distress

To avoid the formation of seroma and hematoma it is important the position and 
maintenance in place of one or more drainages [22], which are kept in place for 
more time compared with normal surgical procedures, for approximately 10–15 days 
post-operative.

If there are formations of fluid accumulation not evacuated from the drainages, it 
is recommended a quick action to remove them.

Because a collection can become infected and/or cause dehiscence of the surgi-
cal incision [9] (Figs. 15.11 and 15.12).

The therapy with hyperbaric oxygen (HBO) is indicated if it is found a suffering 
ischemic area and in those cases where ischemia is linked to vascular problems that 
reduce the microvasculature.

Fig. 15.11 Dehiscence of 
the surgical reconstruction: 
Pre-operative PFAP-am 
flap drawing
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The start of therapy to prevent and minimize ischemic lesions should be started 
as soon as the first sign of ischemia appear, or within the first 36 h.

The treatment protocol involves 20 sessions to 2.0–2.5 ATA 60  min each. 
(ata = absolute atmosphere) [11].

The rational underlying the HBO are: [11].

• Vasoconstrictor action in the normal tissue with redistribution of blood supply to 
hypoxic tissues

• Antiedema action which enhances the trophism of the traumatized tissues
• Protective effect against damage by ischemia / reperfusion
• Activation of cell populations deputies to the phenomena of angiogenesis and 

wound healing
• Direct and indirect antiseptic and antibacterial effects

After the phase of acuzia it is recommended to start the rehabilitation program, 
which must be made compatibly with the possibilities of the patient; we have also 
to try to gradually restore the normal habits [9].

The recovery of the sitting position in bedridden patient and in outpatients should be 
gradually resumed, because it constitutes a significant mechanical stress on the flap.

It is recommending:

• 10 min a day for 3 times / day, the first week
• 20 min a day for 3 times / day, the second week
• and so on, +10 min a day a week, until the eighth week.

Another part of the rehabilitation process is delegated to physiotherapy; it 
becomes imperative in preventing recurrences [9].

It is also essential to adopt continually medium-high risk antidecubitus mat-
tresses [2, 9], such as elements interchangeable mattresses with computerized man-
agement of air in order to eliminate every risk factors in bedridden patients.

The staff who take care of patient has the responsibility to follow as close as pos-
sible all the prevention recommendations.

All the staff members are responsible to teach patients to take responsibility for 
their own training and pressure sore prevention [9].

Fig. 15.12 Several and 
major complication in the 
post-operative
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Finally, in order to provide an adequate patient care, it is recommended a clinical 
follow up. In our experience, we carry out regular outpatient follow up at 1 week, 
2 weeks, 1 month, 2 months, 4 months, 6 months and 1 year. 

 Pressure Ulcer Surgery What Is New?

 Negative Pressure Therapy and Pressure Ulcers

The introduction of negative pressure therapy and specifically VAC instill has contrib-
uted to the developpement of new modes of approaches in covering strategies and 
management of osteomylitis of ischial and sacral PU in paraplegice patients. . The 
sequential approach includes an initial debridement with a bone and tissular biopsies, 
followed by 4 weeks of negative pressure therapy, followed by a rotation skin flap 
branched on perforators or more classical flaps already reveloepd in this chapter [25].

During this period of negative pressure therapy, an adapted antibiotherapy is 
administrated systematically.

The results presented in the first published series show a reduction in recurrence 
rates and postoperative complications.

 Flap Coverage Using Cutaneous Flaps and Perforator Flaps

Recently studies comparing myocutaneous flaps and cutaneous flaps showed simi-
lar results [26]. The need for severing large buttock muscles should be more put in 
perspective with the large peroperative blood loss induced by these techniques, the 
length of operative room occupation and the real benefits of carrying on a technique 
developed at a time when the muscle was considered as a benefit in term of bacterial 
decontamination; the present technologies and particularly the negative pressure 
therapy used previous to the flap realisation, the need for large comlicated tech-
niques eems less evident.

The recent development of perforator flaps diminishes the use of random flaps 
branched on anatomically based pedicles . The perop use of doppler allows the sur-
geon to kow which vessel is present, and determines a ratio with the skin surface 
transposable.

Supercharged flaps, [27] consists in microsurgically suturing a vein or an artery 
on one edge of this perforator flap. This technique enhances the flap vascularisation 
by increasing the chance of postop flap viability.

 Prevention of Recurrence After Flaps Using Fat Grafting

Regenerative surgery is based on the capacity of adipocyte stem cells to improve the 
softness of the recipient area, and creating a matress effect when injected in pressure 
sore area. The first series recently presented tend to demonstrate an improvement in 
the local situation and a reduction of recurrence [28, 29].
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The Stop Pressure Ulcer Day and Other 
Initiatives by EPUAP

Christina Lindholm, Michael Clark, and Zita Kis Dadara

Pressure ulcers are not only a cost-driver for health care systems around the world, 
but can also result in significant morbidity and even death. The prevalence of pres-
sure ulcers ranges between 8.8 and 29.9% in nursing homes and between 7.3 and 
23% in hospitals throughout Europe and North America [1]. These wounds are 
associated with major problems for patients, their relatives and for care-givers. 
Reductions in quality of life including pain, changed body image, increased immo-
bility, discomfort, loss of independence and self-control have been reported [2]. The 
general consensus is that most pressure ulcers could have been prevented. Despite 
the potential for health gains and reduced costs through effective pressure ulcer 
prevention there is still an overall lack of awareness of this condition among policy 
makers and the public. One example of this lack of awareness lies in the continued 
general use of ‘bedsore’ to describe these wounds rather than ‘pressure ulcer’. This 
chapter sets out how the EPUAP has contributed to raising the awareness of pres-
sure ulcers throughout Europe.

EPUAP has over the 20 years of its existence launched several initiatives aimed 
at improving the focus upon effective prevention and healing of pressure ulcers in 
Europe. In the early days of EPUAP, a minimum data-sheet was developed to 
serve as a basic protocol in pressure ulcer prevalence studies [3]. This protocol 
has become the template for many of today’s prevalence studies. A multi-center 
study on pressure ulcers in patients with hip fractures was designed, sponsored 
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and run by EPUAP-members in six countries [4]. Over the past years, initiatives 
have been taken to cooperate with sister organizations internationally. This has 
resulted in the EPUAP/NPUAP evidence-based guidelines for prevention and 
treatment of pressure ulcers, released in 2009, and with an extended partnership 
with the Pan Pacific Pressure Injury Alliance in 2014 [5]. Another EPUAP 
initiative has been the PUCLAS interactive classification educational programme, 
first developed by the late Professor Tom Defloor, and later further developed and 
updated by Professor Dimitri Beeckman [6]. These initiatives have had a profound 
impact on implementation of evidence-based pressure ulcer classification, 
prevention and treatment. The annual EPUAP conferences have also been an 
important contributor to the attempts to make pressure ulcers visible and to present 
recent research.

However, it is frequently realised that authorities such as politicians and admin-
istrators as well as the public lack fundamental knowledge about pressure ulcers. 
Little public attention has been given to this common condition. The misery of pres-
sure ulcers occasionally comes to the attention of policy makers and the public 
through media stories after poor care delivery. The recent Flynn report on deaths 
after pressure ulcer development in nursing and care homes in South Wales makes 
challenging reading for those who might think poor quality pressure ulcer care has 
been eradicated. The report can be found at: http://gov.wales/topics/health/publica-
tions/socialcare/reports/accountability/?lang=en

 The Stop Pressure Ulcer Day Initiative

In an attempt to draw more attention to pressure ulcers, representatives from Spain, 
Portugal and Italy met with colleagues from Central and South America some years 
ago to promote joint collaboration to increase the visibility of pressure ulcers to the 
public and policy makers. This interaction created the ‘Declaration of Rio’ setting 
out what each of us should anticipate from pressure ulcer care. This Declaration is 
shown below.

Declaration of Rio De Janeiro on Pressure Ulcers Prevention as a Universal Human 
Right (October 2011)

Considering that:

 1. States are responsible to guarantee people right to life and health.
 2.  Pressure ulcers are a major health problem, which affects millions of people world-

wide, deteriorates their health and quality of life, and, eventually, can lead to dis-
ability and death.

 3.  Pressure ulcers produce high costs for Healthcare systems and could lead to serious 
ethical consequences and legal issues for professionals.

 4.  Scientific knowledge currently available has proved that these lesions could be 
almost completely avoided (at least at 95%).

 5.  Pressure ulcers are an adverse event and it must be considered as a major threat for 
patients’ safety both in Healthcare systems and in the Community
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In order to deal with this problem it is necessary:

 1.  To achieve a strong commitment for the development and implementation of deter-
mined policies aimed to prevent this important public health problem.

 2.  To assure that people have an equitable and universal access to high quality technical 
and human resources to prevent and treat these lesions.

 3.  To guarantee use of quality and scientific evidence-based criteria, not just economic 
ones, when preventive and therapy resources are selected.

 4.  To improve both basic and post-basic education for Healthcare professionals about 
caring for people with or at risk of suffering these lesions, using an interdisciplinary 
and integral approach.

 5.  To promote research, development and innovation for making progress in the knowl-
edge about caring for people with these problems.

 6.  To promote the creation of wound-care specialized clinical settings, with a clear 
interdisciplinary approach, and the availability of expert consultants in every 
community and healthcare setting.

 7.  To reinforce the Nursing leadership for caring people [sic] with pressure ulcers, 
because nurses are the professionals with the most suitable education and most ade-
quate position in Healthcare systems to do this.

This declaration have been promoted by:

GNEAUPP (Spanish National Group for the Study and Advise on Pressure Ulcers 
and chronic wounds)

SILAHUE (Ibero-Latin-American Society on Wounds)

Flowing from the new Declaration the concept developed that there should be 
one-day a year when there was enhanced focus upon pressure ulcers—this became 
the STOP Pressure Ulcer Day adopted initially within the countries that helped 
generate the Declaration of Rio and since 2012 more widely across Europe following 
adoption of the STOP Pressure Ulcer Day by the EPUAP. This special day, set as the 
third Thursday each November, was seen by the EPUAP as a long-term campaign 
to increase knowledge and focus upon pressure ulcers. In the first year EPUAP 
designed it’s logo for the campaign (Fig.  16.1) and produced a short video on 
pressure ulcer prevention to help capture the minds and hearts of all who saw the 
video on YouTube https://youtu.be/RcQR1ICjcck . The captions on the video have 
been translated into nine languages. Figure 16.2a–c show photos of screens from the 
video with captions in English). With help from commercial partners the EPUAP 
was also able to develop factsheets, lapel stickers and posters to promote pressure 
ulcer prevention with all this material available on the EPUAP web-site (www.
epuap.org) while many national wound organizations host the material in  local 
languages on their web-sites.

Four years later the STOP PRESSURE ULCER day is well recognised and 
respected across Europe and is a highlight of the EPUAP year. The initial view was 
that the first STOP Pressure Ulcer Day would help EPUAP form a template of 
activities that would become the basis for each country’s involvement with the cam-
paign. Development of this template never happened as it quickly became apparent 
that the idea of a STOP Pressure Ulcer day kick-started great creativity across 
Europe and each country has taken different approaches, many quite spectacular 
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Fig. 16.1 EPUAP logo for 
the STOP pressure ulcers 
day campaign

a

Fig. 16.2 (a, b, and c) Screen shots from EPUAP video on pressure ulcer prevention
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and these are discussed later in the chapter. It is challenging to show the objective 
success of the STOP Pressure Ulcer Day in terms of reduced numbers of people 
with these wounds but the wide-spread raising of awareness must help create a 
climate where pressure ulcer prevention and treatment is better recognised as an 
important health priority across Europe.

 Examples of Activities During the Stop Pressure Ulcer Day

Some STOP Pressure Ulcer day events have taken the form of lectures and confer-
ences aimed at health professionals. Within care organizations posters have been 
developed to share pressure ulcer information—this has expanded in many locations 
to the hosting of small information stands in hospitals, sport arenas and supermarkets 

b

c

Fig. 16.2 (continued)
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through to appearances on radio and television. Many competitions and local 
quizzes have been held to help attract the public to pressure ulcer events. In Ireland 
one STOP Pressure Ulcer Day promotional event saw a wound healing commercial 
organization re-brand their fleet of commercial vehicles with the STOP Pressure 
Ulcer day logo bringing the campaign immediately to the attention of the public. 
Within the commercial sector there has been great support of the STOP Pressure 
Ulcer day both for philanthropic reasons and the opportunity to showcase how they 
contribute to effective pressure ulcer prevention and treatment. Throughout all these 
activities it quickly became apparent across Europe that the term ‘pressure ulcer’ 
meant little to the public but all recognised ‘bedsore’—this presents a challenge for 
the campaign as should we use words that resonate with the public or maintain the 
correct technical description of these wounds?

Sports personalities have been generous supporters of the campaign particularly 
in Wales where the Welsh Rugby Union allowed distribution of STOP Pressure 
Ulcer Day label stickers during a rugby match that took place on one STOP Pressure 
Ulcer Day. The Welsh Rugby Union have also supported the campaign by inviting 
international players to be photographed wearing t-shirts branded with the cam-
paign logo (Fig. 16.3). In 2015 international footballer Aaron Ramsey (Arsenal and 
Wales) was also photographed with the campaign t-shirt that has been signed and 
will be a prize in a STOP Pressure Ulcer day activity in 2015. The creativity of 
EPUAP trustees and health care providers were numerous. Examples from the 
Finnish and Swedish campaigns in 2015 are shown in Figs. 16.4, 16.5 and 16.6.

Fig. 16.3 Welsh Rugby Union members wearing the STOP pressure ulcer campaign t-shirt
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Fig. 16.4 An example of 
a promotional item from 
the Finnish STOP pressure 
ulcer campaign

Fig. 16.5 An example of 
a promotional item from 
the Swedish STOP 
pressure ulcer campaign

Fig. 16.6 Turkku, Finland 
the authorities illuminated a 
bridge on Stop Pressure Ulcer 
Day. Photo: Maarit Ahtiala
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The STOP PRESSURE ULCER DAY is now firmly fixed as an annual event 
with the objective of making as many people as possible aware about pressure ulcers 
and how to prevent and treat these wounds. Much work is still to be done, but the 
experiences from the international STOP PRESSURE ULCER day have helped 
forge local, national and international interactions that keep pressure ulcers in mind 
not just on the STOP Pressure Ulcer Day but throughout the year.

References

 1. Beeckman D, Mathei C, Van Lancker A, et al. Een nationaöle richtlijn voor Decubituspreventie. 
Good Clöinical Practice (GCP). Brussel: Federaal Kenniscentrum voor de Gesundheidszorg 
(KCE); 2012. Reports 193AD/2012/10.273/95.

 2. Beeckman D. The 2014 International Stop Pressure Ulcer Day: EPUAP needs you. Br J Nurs. 
2014;23(20):16.

 3. Vanderwee K, Clark M, Dealey C, Gunningberg L, Defloor T. Pressure ulcer prevalence in 
Europe: a pilot study. J Eval Clin Pract. 2007;13(2):227–35.

 4. Lindholm C, Sterner E, Romanelli M, Pina E, Torra y Bou J, Hietanen H, Iivanainen A, 
Gunningberg L, Hommel A, Klang B, Dealey C. Hip fracture and pressure ulcers—The Pan- 
European Pressure Ulcer Study—intrinsic and extrinsic factors. Int Wound J. 2008;5(2):315–28.

 5. National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory Panel and Pan 
Pacific Pressure Injury Alliance. In: Haesler E, editor. Prevention and treatment of pressure 
ulcers: quick reference guide. Perth: Cambridge Media; 2014.

 6. Beeckman D, Schoonhoven L, Fletcher J, Furtado K, Heyman H, Paquay L, De Bacquer D, 
Defloor T. Pressure ulcers and incontinence-associated dermatitis: effectiveness of Pressure 
Ulcer Classification education tool on classification for nurses. Qual Saf Health Care. 
2010;19(5):e3. https://doi.org/10.1136/qshc.2008.028415. Epubl 2010 20.

C. Lindholm et al.

veras@usp.br

https://doi.org/10.1136/qshc.2008.028415


237© Springer-Verlag London Ltd., part of Springer Nature 2018
M. Romanelli et al. (eds.), Science and Practice of Pressure Ulcer Management, 
https://doi.org/10.1007/978-1-4471-7413-4_17

K. Harding · M. Clark (*)
Welsh Wound Innovation Centre, Rhondda Cynon Taf, Wales, UK
e-mail: Keith.Harding@wwic.wales; Michael.Clark@wwic.wales

17Innovation in Pressure Ulcer Prevention 
and Treatment

Keith Harding and Michael Clark

 Introduction

‘Innovation’ is one of the most over used words in recent years, almost every adver-
tisement appears to promote products and services not simply as being ‘new’ but 
more importantly as being ‘innovative’. However, the definition of innovation is not 
simple with over 30 different ways to define this concept [1], of these definitions the 
one that may best reflect innovation in health care is ‘Innovation is the creation of 
something that improves the way we live our lives’ [2]. President Obama’s defini-
tion of innovation conveys two important concepts—that innovation involves new 
activities (be these products, services or systems for delivering care) that create 
value (improved health both for individual patients and for our wider society).

Accepting that innovation combines two key aspects—doing something new that 
adds value to individuals and society—it becomes easier to distinguish between 
‘invention’, ‘innovation’ and ‘improvement’. Invention is the creation of the ‘some-
thing new’ while improvement entails doing established practices better. This chap-
ter will not focus upon continuous practice improvements in pressure ulcer 
prevention and treatment nor will it discuss specific inventions in detail rather it will 
focus upon recent innovations in both the prevention and treatment of pressure 
ulcers. Throughout this book frequent reference is made to the 2014 version of the 
International Pressure Ulcer Guidelines [3] and the processes involved in creating 
these guidelines mark how innovation in communications technology allowed the 
worldwide pressure ulcer research and clinical communities to better work together.

veras@usp.br

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4471-7413-4_17&domain=pdf
mailto:Keith.Harding@wwic.wales
mailto:Michael.Clark@wwic.wales


238

 Innovation in Guideline Development

Between 2005 and 2009 the European Pressure Ulcer Advisory Panel (EPUAP) and 
the US National Pressure Ulcer Advisory Panel (NPUAP) worked together to create 
the first edition of the International Pressure Ulcer Guidelines [4]. While the col-
laboration between two regional associations brought together for the first time the 
collective expertise of multiple clinicians and researchers engaged in pressure ulcer 
research, the process of creating the guidelines was quite traditional with working 
groups meeting in various locations across Europe and the US with one association 
(EPUAP) predominantly working on pressure ulcer prevention and the second 
(NPUAP) on treatment issues.

During the planning of the 2014  second edition of the International Pressure 
Ulcer guidelines, a third association joined the development team (Pan Pacific 
Pressure Injury Alliance) and the original model of one group working on preven-
tion and another on treatment was no longer appropriate. True collaborative work-
ing between groups physically located in North America, across Europe and the 
Pacific region (Australia, Hong Kong, New Zealand and Singapore) was enabled by 
recent developments in web based video conferencing which allowed inexpensive 
frequent virtual meetings of the 27 working groups who came together to create the 
content of the guidelines and the Guideline Development Group who managed the 
process. Without innovation in communications technology it would not have been 
possible for the 105 contributors to the guidelines to work together to create this 
summary of current knowledge upon pressure ulcer prevention and treatment.

 New Perspectives on Pressure Ulcer Aetiology

The second edition of the International Pressure Ulcer Guidelines summarizes sev-
eral innovative studies that have added value to our understanding of pressure ulcer 
aetiology. For many years attention was focused upon trying to understand the 
forces applied to the skin surface be these direct pressure or shear, while these stud-
ies provided some useful data they were limited to what happens strictly at the skin 
surface. Recent innovations in imaging technology along with the ready availability 
of powerful computers have allowed measurement and modeling of the amount of 
deformation skin and underlying soft tissues undergo when loaded. Changing from 
concepts of measuring pressure to measuring strain (the amount of deformation 
experienced by soft tissue) has provided new insights into the nature of the relation-
ship between load and the time of its application to create tissue damage [5–7] 
which may ultimately assist product developers to realize surfaces that minimize 
strain and so better protect patients from harm.

 Innovation in Public Health Systems?

While the key risk factors for pressure ulcer development reflect limitations on 
activity and mobility and the status of the skin (presence of current pressure damage 
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or a history of previous pressure ulcers) there are other factors where successful 
management may require changes in the behaviour of society as a whole. Poor 
nutritional status and reduced perfusion and oxygenation are also cited by the 
International Pressure Ulcer Guidelines as relevant risk factors for pressure ulcer 
development—current trends towards obesity and the growing incidence of diabetes 
suggest many countries may be creating conditions ripe for pressure ulcer develop-
ment as their population ages. Innovations in public health therefore have the poten-
tial to have effects downstream on the future incidence of pressure ulcers.

 Innovation in Clinical Services

Innovation in the design and delivery of clinical services will also impact upon the 
numbers of people who experience pressure ulcers. Remote monitoring of skin and 
wound status either through tele-medicine and perhaps the future application of 
novel sensor technologies incorporated into clothing may allow vulnerable individu-
als to be identified much earlier and for challenging wounds to be rapidly assessed 
by experienced clinicians. One UK innovation in the delivery of care was the intro-
duction of the SKIN bundle model initially in Wales in 2009 [8] and then more 
recently in most parts of the country. The SKIN bundle focuses upon four areas of 
practice—the support surface, repositioning and mobility, incontinence and nutri-
tion, often supplemented with skin status (the SSKIN bundle). A plan of care is 
developed for each individual around these four (or five) items with regular checks 
on their continued implementation recorded throughout the day and night. The suc-
cess of the initiative is then shown at ward level using a ‘safety cross’ marking the 
number of days pressure ulcer free each month along with days where pressure ulcers 
developed, or a patient was admitted with established pressure damage. While there 
are reports of the success of SKIN bundle introduction on reducing pressure ulcer 
incidence [9–11] to date no controlled study of this innovation has been undertaken. 
While not discussed specifically within the second edition of the International 
Pressure Ulcer Guidelines the SKIN bundle model does meet a number of the recom-
mendations upon implementation of high quality pressure ulcer prevention including 
standardization of preventive measures, regular monitoring and reporting of pressure 
ulcer occurrence and standardized documentation and repositioning regimens.

 Innovation in Emerging Therapies

Developments in the products used in pressure ulcer prevention and treatment are 
often described as being innovative but often simply reflect minor changes intended 
to improve established devices. The International Pressure Ulcer Guidelines 
explored emerging therapies for pressure ulcer prevention and highlighted four 
areas of innovation

Microclimate control
Prophylactic dressings
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Fabrics and Textiles
Electrical stimulation of muscle.

Microclimate control is considered in detail within another chapter of this book 
and will not be discussed here. Electrical stimulation of the gluteal and hamstring 
muscles in individuals with spinal cord injury has been reported in two studies [12, 
13] with reduced maximum interface pressure and also diminished gradients of 
pressure between the ischial tuberosities and surrounding skin. When pressure ulcer 
clinicians and researchers considered whether this intervention would do more good 
than harm to individuals the trade-off between risk and benefit was unclear and no 
specific recommendation was offered on whether the use of electrical stimulation in 
people with spinal cord injury would be beneficial [3].

Use of silk-like fabrics rather than cotton to reduce shear and friction was con-
sidered to deliver benefits to patients [3]. The introduction of new textiles and fab-
rics into undergarments and socks may reflect a simple innovation that delivers 
benefit to patients particularly if future developments could also incorporate sensors 
to monitor temperature, moisture or friction.

The use of wound dressings to help prevent damage to the skin from shear and 
friction is not new having been reported for almost 30 years [14] however interest in 
this approach to pressure ulcer prevention has been revived in recent years and has 
growing popularity in the United States and other locations. Since 2014 there have 
been several published studies ranging from case series to randomized controlled 
trials and economic analyses that have reported reductions in pressure ulcer inci-
dence and cost where a variety of dressing materials have been used within pressure 
ulcer prevention highlighting the current focus upon this aspect of pressure ulcer 
prevention [15–20].

 Next Steps for New Innovations in Pressure Ulcer Care?

Perhaps one new innovation would be for the 2019 third edition of the International 
Pressure Ulcer guidelines to be available in formats other than print! The full guide-
line document in 2014 was 292 pages long with a summary document at 60 pages 
in length. This makes the document unlikely to be used in day-to-day practice 
restricting this important summary of the available evidence to a text book to be 
referred to on occasion. Alternative delivery in the form of perhaps an app might 
allow engagement with the guideline at the bedside and engage the reader with 
multiple media including video, audio as well as text.

If innovation equals doing something new that adds value to patients and to soci-
ety then the value added by the innovation must be elucidated and where possible 
quantified. Innovations such as the SKIN bundle and the use of prophylactic dress-
ings in pressure ulcer prevention may spread widely in clinical practice before the 
value to be gained from these innovations has been established. Greater attention 
should be focused upon the evaluation of innovations to ensure valuable new sys-
tems, services and products are not delayed while new changes that don’t deliver 
gains are not widely introduced.
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Innovation has been defined in this chapter as the performance of something new 
that adds value to individual patients and to society. One leading example of such 
innovation is the Welsh Wound Innovation Centre (WWIC) created in 2014 to pro-
vide leadership to wound prevention and healing in Wales. WWIC is the first 
National Wound Healing centre world-wide and has already begun to demonstrate 
its value to Wales and the NHS through inward investment that has created at least 
80 new jobs and the performance of national wound audits [21], education and 
training. WWIC considers that a system approach to value based wound care could 
have significant impact across the health economy through a focus upon three key 
areas—improved wound prevention, early intervention and optimisation of care and 
finally access to specialist care through WWIC [22]. Through the spread of centres 
based upon the WWIC model may we see pressure ulcer prevention and treatment 
become even more innovative over the coming years.
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Negative pressure wound therapy  
(NPWT) (cont.)
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skin host defence, neonatal ages, 129
skin pediatrics, 131
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wound treatment, 138
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Peri-wound skin protection, 119, 120
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Point-of-care diagnostic sensors, 12
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Potential biomarkers, 4
Pressure ulcers (PUs), 17, 34
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pre-operative draw, 216
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anatomical structure, 215
surgical technique, 214
V-Y technique, 215

transverse flap of back, 214
Sensitivity, defined, 62
Sensory island flaps, 146
Shape adaptation, 18
Silicone dressings, 168
Silver dressings, 167
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Skin care, 111, 119, 121
damage, 115, 116
dermis layer, 114, 115
elements of, 118
at end of life, 120, 121
epidermis layer, 113
fecal incontinence, 117
incontinence dermatitis, 117
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normal, 112
peri-wound skin protection, 119, 120
pressure injuries, 120
protection, 112
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thermal regulation, 113
thinning and loss of elasticity, 115
urinary incontinence, 116
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wound healing, 121
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ulcer removal, 210

Sweat markers, 6, 7
Systemic biomarkers, 9
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tensor fascia lata mio-cutaneous flap, 217
vastus lateralis muscle flap, 218

Tumor necrosis factor alpha (TNF- α), 107

U
Undernutrition, 49
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US National Pressure Ulcer Advisory Panel 

(NPUAP), 238

V
VACUUM ASSISTED CLOSURE™  
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Wound bed preparation, 155
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mechanical debridement, 208
technological debridement, 209
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