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Significance: The incidence of pressure ulcers is increasing due to our aging
population and the increase in the elderly living with disability. Learning how
to manage pressure ulcers appropriately is increasingly important for all
professionals in wound care.
Recent Advances: Many new dressings and treatment modalities have been
developed over the recent years and the goal of this review is to highlight their
benefits and drawbacks to help providers choose their tools appropriately.
Critical Issues: Despite an increased number of therapies available on the
market, none has demonstrated any clear benefit over the others and pressure
ulcer treatment remains frustrating and time-consuming.
Future Directions: Additional research is needed to develop products more
effective in prevention and treatment of pressure ulcers.
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SCOPE AND SIGNIFICANCE
The fastest growing segment of

our population is those over 65 years
of age, and there are increased rates of
obesity, diabetes, and cardiovascular
disease.1 This combination of factors
has resulted in more people need-
ing assistance with activities of daily
living due to decreased mobility.2 A
major morbidity of decreased mobility
is development of a pressure ulcer.
The treatment for pressure ulcers is
lengthy and causes a significant finan-
cial burden on the healthcare system.
In the United States, an estimated $11
billion dollars is spent on pressure ul-
cers yearly, with $500 to $70,000 being
spent on a single wound.3

TRANSLATIONAL RELEVANCE

Despite a number of new dress-
ings and treatments available for the

management of pressure ulcers, none
has been demonstrated to have a sig-
nificant benefit over the other. The
basic principles of maintaining the
wound clean andwell perfused remain
the hallmarks of therapy. A major
target for new therapies would be
finding approaches to decrease inci-
dence among susceptible patients, es-
pecially given potential penalties in
reimbursement for patients who do
develop a pressure ulcer.

CLINICAL RELEVANCE

The prevention and treatment of
pressure ulcers are highly relevant to
wound care professionals. These pa-
tients require prolonged course of
treatment to fully heal their wounds.
The biomedical burden is tremen-
dous as noted above and healthcare
expenditures on this problem are
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only rising. Penalties now imposed for hospital-
acquired pressure ulcers mean we need greater
knowledge about causation and prevention.

CAUSATION

Pressure ulcers develop as a result of a combina-
tion of physiologic events and external conditions.
The classic thinking of tissue ischemia induced by
prolonged external pressure on tissue being the sole
causative factor of pressure ulcer formation has been
examined more systematically. Along with localized
ischemia and reperfusion injury to tissues, impaired
lymphatic drainage has been shown to contribute to
injury as well. Compression prevents lymph fluid
drainage, which causes increased interstitial fluid
and waste build up and contributes to pressure ulcer
development. Deformation of tissues has been shown
to be a greater indicator of pressure ulcer formation
than pressure exerted on tissues alone.4 The time
required to develop a pressure ulcer is dependent on
many factors, including the patient’s physiology and
the degree of pressure and shear force placed on the
tissue.5 Pressure ulcers occur over predictable pres-
sure points where bony protuberances are more
likely to compress tissues when the patient is in
prolonged contact with hard surfaces (Fig. 1).6,7 For
patients unable to move themselves, such as in-
tubated patients in the ICU, positional change every
2 hours has been widely accepted as effective pre-
vention.8,9 Surgeries longer than 4 hours on a stan-
dardOR table have been shown to increase the risk of
pressure ulcer formation leading to the routine use of
gel pads in areas of risk during prolonged surgery.10

Pressure ulcer formation is highly influenced
by risk factors (Table 1), including all conditions
leading to immobility, decreased or lack of sensa-
tion, as well as malnutrition.11Extrinsic risk fac-
tors include being immobilized on a spinal board,
OR table, or bed for prolonged periods of time, as
well as poorly fittedmedical devices in contact with
patient tissues. Intrinsic risk factors such as dia-
betes, malnutrition, and smoking also increase the
overall risk for pressure ulcers. The spinal cord
injury patient population is at the highest risk
(25–66%) of developing a pressure ulcer due to the
combination of immobility and decreased sensa-
tion. A prospective study of spinal cord patients not
only found that sacral and ischial pressure ulcers
were very common (43% and 15%, respectively), as
might be expected, but also noted that the second
most common location was on the heel (19%).12,13

Nursing home patients have a pressure ulcer
prevalence of 11% and are most likely to develop
pressure ulcers over the sacrum or heels.14,15

Nursing home patients were also found to have
contractures at a prevalence of 55%.16 Contractures
are caused by decreased elasticity of the tissue sur-
rounding major joints, and the resulting lack of full
mobility in the affected extremities significantly in-
creases the risk of pressure ulcer formation. These
data highlight how critical the need is to understand
the physical, environmental, and medical risks for
development of pressure ulcers in the individual
patient to prevent them.

RISK ASSESSMENT

Assessing the risk for the development of pres-
sure ulcers needs to be performed in all patients to
institute appropriate preventionmeasures in those

Figure 1. Illustration of locations of pressure ulcers in supine patients. To

see this illustration in color, the reader is referred to the web version of this

article at www.liebertpub.com/wound
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at risk. Risk should be assessed in all admitted pa-
tients as well as with any changes in mobility or
medical conditions. Several risk assessment scales
exist. The Norton scale scores the following five
categories from a low of 1 to a high of 4: physical
condition, mental condition, activity, mobility, and
incontinence. A total score less than 14 indicates high
risk for pressure ulcer development.17 The Braden
scale is similar giving up to four points in the cate-
gories of sensory perception, moisture, activity, mo-
bility, nutrition, and friction with a higher score
indicating lower risk.18 The exact specific scale used
is not as important as simply having regular risk
assessment and exercising clinical judgment.19

PREVENTION

Prevention of pressure ulcer formation is directed
at alleviating the risk factors for the individual pa-
tient, and is primarily focused onminimizing episodes
of prolonged pressure either by placing appropriate
padding at pressure points or by frequent patient re-
positioning.All patientsusingprosthetics or requiring
a wheelchair for mobility should be appropriately fit-
ted to ensure that the fit is correct and there is ade-
quate padding. The fitting process should be repeated
if there are any significant changes in weight or body
habitus that can affect fit. Sweat, urine, and stool can
lead to maceration of the skin and the initial skin
breakdown can lead to a pressure ulcer if the skin is
overlying a pressure point.20 A significant focus for
care of at-risk patients is keeping the skin clean and
dry. Even with adequate padding, it is important to
make routine positional changes as even relatively
low pressures can cause a pressure ulcer with pro-
longed exposure.5,21

Pressure mapping technologies have been de-
veloped to measure the amount of pressure placed
on different parts of the sitting or reclining body.

These technologies have been used to develop
pressure-relieving wheelchair cushions and to
study normal weight-shifting behavior.22 These
technologies were also used in determining that
30 degrees of wheelchair tilt is needed to relieve
pressure from the ischial and sacral areas.23 Their
use in bed-bound patients has been limited but
has great potential for determining pressure points
at risk for ulceration and in determining the effect of
pressure-relieving positions on established wounds.

Any patient who has been determined to be at
risk for development of a pressure ulcer or who
already has a pressure ulcer needs to have a plan
for repositioning. The plan needs to be individually
tailored for each patient to address his or her spe-
cific needs. Frequency of repositioning needs to
take many factors into account, including the
support surface for the patient, general medical
condition, and goals of care. Clinicians need to be
cognizant of the fact that repositioning itself can
create shear forces on skin, and so, the fragility and
condition of the patient’s skin need to be part of the
assessment for how frequently to reposition them.
There are a variety of factors to take into account
for how to reposition patients depending on whe-
ther the patient is supine, prone, or in a wheel-
chair. Of special note for patients in the acute
hospital setting are medical devices. Care must be
taken since inadvertent positioning of the device
between the patient and the support surface can
create a high-pressure zone. While repositioning,
lifting instead of dragging patients reduces friction
and shear forces on the skin and prevents skin
damage.5 Documentation of repositioning and
regular skin condition assessment is key in deter-
mining early signs of pressure ulcer formation such
as nonblanching erythema. System solutions such
as electronic medical record programs, which
prompt providers to document results of pressure
ulcer screening every shift or day, are of great im-
portance in diagnosing pressure ulcers early and
preventing progression.24

A variety of pads are available, which are de-
signed to specifically cover pressure points such
as the sacrum and heels as well as foam pads de-
signed to wrap around body parts at risk (espe-
cially feet).25 However, it is important to note
that some pads can actually be detrimental. For
example, supports with cutouts can have in-
creased pressure at their edges. There are an
equal number of mattress pads (egg crate mat-
tresses, natural sheepskins, etc.) that serve to
decrease pressure across a large surface area.21

Silk-based fabrics have been shown to be superior
in pressure ulcer prevention when compared to

Table 1. Intrinsic and extrinsic factors influencing

the development of pressure ulcers

Intrinsic risk factors for development of pressure ulcers

Diabetes

Smoking

Malnutrition

Immunosuppression

Vascular disease

Spinal cord injury

Contractures

Prolonged immobility

Extrinsic risk factors for development of pressure ulcers

Lying on hard surfaces

Nursing homes

Poorly fitting prostheses

Poor skin hygiene

Patient restraints

CURRENT MANAGEMENT OF PRESSURE ULCERS 59

D
o
w

n
lo

ad
ed

 b
y
 1

0
6
.5

1
.2

2
6
.7

 f
ro

m
 w

w
w

.l
ie

b
er

tp
u
b
.c

o
m

 a
t 

0
8
/0

4
/2

2
. 
F

o
r 

p
er

so
n
al

 u
se

 o
n
ly

. 



cotton-based fabrics due to a decrease in friction
forces and subsequent damage to skin.26

Finally, adequate nutrition is very important in
preventing pressure ulcer formation. Nutritional
supplementation can benefit patients with limited
oral intake and enteral or parenteral feeding can
become necessary in patients who are not able to
safely ingest enough oral nutrients. Protein intake
is especially important to maintain a positive ni-
trogen balance, and vitamin/mineral supplements
are recommended in patients lacking a balanced
diet.27 Prealbumin is used as a laboratory test of
short-term nutritional adequacy. Albumin is also
useful, but its longer half-life means it is more re-
flective of nutrition over a long period of time.

DIAGNOSIS AND ASSESSMENT

Once a pressure ulcer is identified, staging and
careful documentation of the size of thewound should
be performed. Additional assessments of the ulcer
include the location, surrounding skin condition,
presence of tissue undermining and tunneling, and
amount of exudate, odor, and tenderness. Pressure
ulcers are classified into six categories (Fig. 2 and
Table 2).7,28 Stage I describes intact skin with non-
blanchable erythema. Stage II pressure ulcers have
partial-thickness skin damage with possible blister
formation, but no subcutaneous tissues visible. Stage
III pressure ulcers have full-thickness skin loss with
subcutaneous fat exposed but no muscles, bones, or
tendons visible. Stage IV pressure ulcers have tissue
losswith exposure ofmuscles, bones, tendons, or vital

organs. A commonhallmark of pressure ulcers is that
the area of skin affected typically underestimates the
amount of subcutaneous tissue involved. An un-
stageable pressure ulcer refers to a wound with an
undetermined level of tissue injury because the en-
tire base of thewound is covered by slough tissue and/
or eschar. A deep tissue injury is a term recently
proposed by the National Pressure Ulcer Advisory
Panel (NPUAP) to describe a pressure wound that
has tissue injury hidden below intact skin.29 These
wounds appear as deep bruises and have high po-
tential for quick deterioration into a high-stage
pressure ulcer.

The pressure ulcer scale for healing (PUSH tool)
is a commonly used tool developed by the NPUAP,

Figure 2. Illustration of different stages of pressure ulcers. From left to right. Top diagram showing pressure ulcers Stage I: skin intact. Stage II: partial skin loss.

Stage III: full-thickness skin loss, subcutaneous tissue exposed. Stage IV:muscle, tendon, bone or organs exposed.Bottomdiagram showing unstageable pressure

ulcerwith tissue damage hidden fromobserver by eschar over entirewound. Deep tissue injury hidden fromobserver by intact skin appears as a bruise fromabove.

Table 2. Table of different stages of pressure ulcers

Stage I

� Nonblanchable erythema

� Skin intact

Stage II

� Possible blister formation

� Partial-thickness skin damage

Stage III

� Subcutaneous fat exposed

� Full-thickness skin loss

Stage IV

� Exposed muscles, bones, tendons, or vital organs

� Skin, subcutaneous and possibly more tissue loss

Unstageable

� Entire wound base covered by slough and/or eschar

� Full-thickness skin loss

Deep tissue injury

� Unknown level of tissue injured below skin

� Skin intact
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which grades pressure ulcers based on size of
wound, wound bed tissue type, and exudate amount
(Table 3).30 Another commonly used scale is the
Bates-Jensen wound assessment tool which scores
wounds based on size, depth, wound edges, tissue
undermining, type and amount of necrotic tissue,
type and amount of exudate, skin color, presence of
edema, induration, granulation, and epithelializa-
tion.31 Other similar tools such as the pressure sore
status tool and Sessing scale are also of use.32 It is
more important to evaluate and monitor pressure
ulcers in a close and consistent manner than the
specific tool used to do so.

Further workup is sometimes warranted to define
the extent of tissue involved. Because the area of skin
breakdown is smaller than the total area affected, CT
or MRI can be useful in defining the extent of the
tissue involved and to determine whether osteomy-
elitis is present.33 Wound cultures are not routinely
performed, but should be considered with lack of ul-
cer healing and persistent evidence of infection. If a
wound culture is to be performed, tissue culture is
more informative than simply performing a swab of
the wound.5 Cultures showing more than 105 CFU/g
are indicative of active tissue infection. In the ex-
tremities, the adequacy of perfusion should be ac-
cessed via the ankle–brachial index and vascular
studies.34

TREATMENT

The mainstays of pressure ulcer treatment in-
clude offloading the offending pressure source,
adequate drainage of any areas of infection, de-
bridement of devitalized tissue, and regular wound
care to support the healing process.

Pressure relief

The first step in management is offloading
pressure from the wound site. All of the measures
described above for prevention of pressure ulcers

are equally applicable to their treatment. For
bedridden patients, this means strict adherence to
repositioning the patient regularly. Any methods
to pad the area of the pressure ulcer should be in-
stituted if not already in use. Beyond the usual
onlays and pads, some patients may require spe-
cialty beds to aid in decreasing pressure. These
beds typically use air to continually shift pressure
points through a variety of approaches.35 Even
with these beds, patients still need to be reposi-
tioned regularly. For patients using prosthetics,
they may need to go without them for a period of
time to allow healing to occur. Any patient devel-
oping a pressure ulcer with a prosthetic should be
refitted after they have healed to protect against
future problems. Wheelchair-bound patients may
need to have theirmobility limited to allowhealing.
As with a prosthetic, the wheelchair should be re-
examined for proper fit.36

Infection control

An important part of the initial evaluation of a
pressure ulcer is to determine if there is evidence of
inadequately treated infection. The pressure ulcer
should be examined for the presence of surrounding
erythema or fluctuance. The presence of crepitus is
more ominous and should result in an expeditious
assessment for the possibility of a necrotizing soft
tissue infection. If there is a determination that
there is inadequate source control, the patient
should be taken to the operating room for appro-
priate abscess drainage and debridement.

Some surgeons elect to treat the wound initially
with locally applied antiseptics, including povidone
iodine, silver sulfadiazine, hydrogen peroxide, or
Dakin’s solution (sodium hypochlorite). The theory
is that these topical agents serve to kill bacteria in
the pressure ulcer to allow for better healing. If these
solutions are used, they should only be used in the
short term as they can also retard wound healing in
the long term through their cytotoxic effects.37

Intravenous antibiotics should only be used in
patients with significant cellulitis, or systemic
signs and symptoms of infection, and should be
stopped once those signs improve. A clean pressure
ulcer, even with some necrotic debris, does not re-
quire intravenous antibiotics. Currently, most
treatment protocols would recommend the use of
intravenous antibiotics when there is evidence of
osteomyelitis, but there is actually little evidence
for its use.38,39 Generally, osteomyelitis requires
debridement of the infected bone and coveragewith
a well-perfused flap to allow it to heal.40 Topical
antibiotics have little role in the management of
pressure ulcers.

Table 3. Pressure ulcer scale for healing (PUSH tool)

Points Area, cm2 (Length ·Width) Tissue Type Exudate Amount

0 0 Closed None

1 <0.3 Epithelial tissue Light

2 0.3–0.6 Granulation tissue Moderate

3 0.7–1.0 Slough Heavy

4 1.1–2.0 Necrotic tissue

5 2.1–3.0

6 3.1–4.0

7 4.1–8.0

8 8.1–12.0

9 12.1–24.0

10 >24.0

Copyright. NPUAP, 2003, reprinted with permission. Points are calculated
per category and are added for a total score.
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Debridement

Debridement of devitalized tissue and biofilm and
abscess drainage are necessary in the treatment of
pressure ulcers. In cases where there is a significant
amount of necrotic tissue, performing the initial
debridement in the operating room allows for amore
definitive procedure. Subsequent debridements are
then more easily managed at the bedside. There are
instances where significant debridement is not nee-
ded or should not be done. If there is a dry eschar
without purulence or fluctuance, and minimal ery-
thema, the eschar can be left in place. If there is little
subcutaneous tissue under the eschar, as in the case
of the heel, debridement should be done with care.
When performing surgical debridement, tissue
should be resected until healthy bleeding tissue is
encountered. After the initial presentation, repeated
debridements are often necessary as the extent of
necrosis can be difficult to assess.41

Other approaches to performing mechanical de-
bridement include the use of acoustic energy in the
form of ultrasound. Low-frequency ultrasound has
been used to decrease bioburden of the wound and
was shown to speed pressure ulcer healing.5 Hy-
drotherapy, including whirlpool, pulsed lavage, and
vibration therapy are occasionally used for pressure

ulcer debridement. There are additional products
that perform an autolytic or enzymatic debridement
over time when no urgent need for debridement
exists.7 In cases where a patient cannot tolerate
surgical debridement, there is an option of under-
going medical maggot debridement, in which mag-
gots remove dead tissue, allowing the wound to
heal.42The goal of all these approaches is to create a
bed of well-granulated tissue throughout the ulcer
cavity. Small well-granulated ulcers can heal with
re-epithelialization, while skin grafting or a surgical
flap may be necessary in larger ulcers.

Dressings and topical agents

Dressings should be chosen depending on the
wound being treated (Table 4 and Fig. 3). It should
be noted that none of the dressings described below
has been shown to have any superiority, and the
choice of dressing should depend on the type of
wound being treated.43 Things to be considered in-
clude size, depth, shape and location of the wound,
presence and volume of exudate, presence of tun-
neling and tissue undermining, type of tissue in
wound bed, and surrounding skin condition. Skin
surrounding the ulcer should be protected from ex-
cessive moisture and friction to prevent breakdown.

Table 4. Dressings available for pressure ulcer management with advantages, disadvantages, and ideal use

Type of Dressing Advantages Disadvantages Ideal Wound

Alginate dressings Absorbent, infrequent changes Expensive Infected wounds

Foam dressings Absorbent, provides padding Expensive Infected wounds, fragile surrounding skin, Stage I

and for prevention

Gauze dressings Inexpensive, microdebridement Frequent changes Large complex wounds with exudate or biofilm

Honey dressings Mild antibiotic Poor efficacy Stage II with mild infection

Hydrocolloid dressings Absorbent Expensive Wounds with minimal discharge, Stage II and III

Hydrogel dressings Hydrating Moves easily Dry or dehydrated wounds, uninfected granulating wounds

Silver dressings Antibiotic Prevents epithelialization Infected wounds, remove once infection is cleared

Transparent film dressing Barrier from bodily fluids,

infrequent changes

Not porous, can rip skin

on removal

Stage I, Stage II without exudate

Figure 3. Algorithm for help in choosing an appropriate class of dressings for pressure ulcer management. *Gauze dressings can be used if limited options

available require more frequent dressing changes.
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Dressings should be changed regularly and as soon
as they become soiled with urine or feces to prevent
wound contamination. Each dressing change should
be accompanied by concurrent wound reassessment.

Gauze dressings. The traditional wet-to-dry
method of gauze dressing nowhasmore limited use in
the treatment of pressure ulcers. While the materials
are inexpensive, theydo require frequent changesand
the related nursing expense needs to be factored in
when determining their true cost.44 When properly
performed, they help maintain a moist wound envi-
ronment, and the gauze also serves the role of per-
forminga superficial debridement of biofilmand small
amounts of necrotic tissue during dressing changes
due to its adherent nature.45 The advent of advanced
dressing materials makes gauze dressings a fallback
when nothing else is readily available.46 Dry gauze
dressings should not be used to treat pressure ulcers.

Alginate dressings. Alginate is a very absorbent
material that is ideal for use in wounds with mod-
erate to high discharge. They can absorb several
times their weight in exudate and can conform well
to irregular or tunneledwounds. Alginate dressings
can be used in the setting of infected wounds and
can be left in place longer than most dressings.47

Foam dressings. Foam dressings are made
from polyurethane, a semipermeable material that
can accommodate a medium to high amount of
wound exudate and can be used in infected pres-
sure ulcers. Foam dressings are often used for
prevention of pressure ulcers because they provide
some cushion. Silicone is often used in combination
with foam dressings (such as Allevyn, Mepilex, and
Optifoam) and is helpful in the setting of fragile
tissue surrounding pressure ulcers. Dressingswith
silicone are less likely to cause trauma to skin on
removal compared to other adherent dressings.48

Hydrocolloid dressings. Hydrocolloid dressings
aremade of a foam or film polyurethanematerial and
contain a gelatin- or sodium carboxymethylcellulose-
based gelmaterial, which gives it the ability to absorb
some fluids. They are well suited for wounds that
have minimal to moderate drainage and are often
used on Stage II and Stage III pressure ulcers.46

Hydrogel dressings. Hydrogel dressings are gel
based and are 90% water. These dressings are
therefore ideally used in dry or dehydrated wounds
and are often used over granulation tissue. In ad-
dition to being available in sheet form (where hy-
drogel is placed over a thin fiber mesh) and in the

form of impregnated gauze, hydrogel also comes in
its pure form in tubes and can be placed at the base
of an uninfected granulating wound. This dressing
should be covered by a sturdier dressing to prevent
dislocation and dehydration of the hydrogel.49

Silver-containing dressings. Silver has bacteri-
cidal properties and dressings that are impreg-
nated with silver are ideal for use in infected
wounds. This dressing should be discontinued after
clearance of infection as it can delay wound healing
due to its toxicity to keratinocytes and fibroblasts.
Silver is often incorporated into foam and alginate
dressings. Silver alginate comes in rope and square
forms, which are well suited for infected wounds
with exudate, and gel form, which is better suited
for drier wounds.50

Honey-containing dressings. There are anec-
dotal reports of the use of honey in the treatment of
wounds since antiquity. In modern times, there is
currently low evidence for the use of honey in the
setting of pressure ulcers.28Medical-grade honey has
been shown to have mild antibiotic properties. Med-
ical honey comes in stand-alone forms of gel or paste
as well as impregnated into dressings where it is
combined with alginate or hydrocolloid materials.

Transparent film dressings. Transparent film
dressings are used primarily to protect Stage I or II
ulcers where the skin remains intact. They provide
a barrier to urine, stool, and other bodily fluids,
which can macerate the skin. Because they are
transparent and allow for observation of the
wound, they can be applied and left in place for
days. These dressings should not be applied in any
ulcer where there is exudate as they are not porous.
Care must be taken to remove these dressings as
they can rip skin if removed forcefully.51

Negative pressure wound therapy. Negative
pressure wound therapy (NPWT) consists of a foam
dressing, which can be tailored to fit the patient’s
wound and is covered by a transparent film to en-
able creation of a vacuum in the wound when the
foam is attached to a suction device via tubing.
NPWT has been shown to speed wound healing in
chronic wounds and the prevailing theory is that
the vacuum causes the cells in the wound bed to
sense a mechanical force.52 Mechanical forces
stimulate the proliferation of fibroblasts leading to
improved healing. The presence of the vacuum
continuously eliminates exudate making it ideal in
wounds where there is heavy exudate. Before ap-
plication of the NPWT device, the wound must be
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adequately debrided. The foam dressing is easy to
conform to wounds with unusual shapes, tunnel-
ing, and undermining. Because of the transparent
film required for the vacuum to hold, NPWT is
useful for preventing additional wound contami-
nation. Randomized controlled trials showed no
advantage of NPWT over other dressings.53 As
with any dressing, its use is dictated by its prop-
erties. Wounds with a heavy exudate are readily
managed with NPWT. It has been found to be
helpful in wounds adjacent to fecal flow where its
seal prevents wound contamination. Contra-
indications to NPWT use include uncorrected coa-
gulopathy, exposed vital organs or large vessels.53

A nonadherent dressing can be placed below the
foam to decrease pain on removal of foam dressing
and during suctioning over the wound bed.

Other therapies. Biophysical treatments, in-
cluding direct electric stimulation, pulsed electro-
magnetic field, and pulsed radio frequency energy,
have been used to promote wound healing. Photo-
therapy treatment of pressure ulcers has been
performed using laser, infrared, and ultraviolet
waves. Studies have shown equivocal evidence
concerning laser and infrared treatments, but ul-
traviolet C light therapy has been shown to de-
crease the bacterial burden and can be used
following wound debridement in persistently in-
fected wounds.54 Hyperbaric oxygen therapy and
topical oxygen therapy have been used for pressure
ulcer treatment with equivocal results.55

Biologic dressings describe a group of products
derived from skin structures that have been pur-
ported to speed healing. They can be derived from
nonhuman and human sources and are applied to
noninfected, well-granulated wounds. The products
range fromdecellularizedhumanandporcine skin to
dressings containing human fibroblasts and kerati-
nocytes. Collagen is the main connective tissue fiber
and application of collagen to uninfected granulat-
ing wound base can theoretically stimulate wound
healing by providing a matrix network for cells to
migrate into. These biologic dressings are typically
used when an ulcer has fully granulated in, but still
has a significant area of un-epithelialized wound.
The dressings can be used in lieu of skin grafting to
prevent having a second wound that needs atten-
tion. Growth factors have also been used by them-
selves to increase wound healing by stimulating
angiogenesis and matrix deposition.56

Patient optimization

In addition to treatment of the pressure ulcer it-
self, it is important to treat the overall patient aswell.

Physical measures to relieve pressure have already
been described. Hyperglycemia will retard wound
healing and diabetics should be aggressively treated
to maintain glycemic control. The immune system
has been shown to have a vital role in wound healing
and immunosuppression will slow healing. Attention
should be directed to any therapy that can cause
immunosuppression, and these medications should
be optimized to provide appropriate therapy without
excessive immunosuppression. Proper wound heal-
ing requires adequate blood supply. For any pressure
ulcer in the extremities, perfusion should be assessed
and vascular surgery consulted if it is determined to
be inadequate to support proper healing.5,7 Finally,
we will stress once again the need to provide ade-
quate nutrition. Periodic assessments of adequate
nutrition should be performed by checking serum
markers of nutrition such as albumin and pre-
albumin.Dietary intake should be adjusted to ensure
the patient is in positive nitrogen balance.27

Control of contamination

By default, any open pressure ulcer is superfi-
cially contaminated with environmental flora.
However, it is important to prevent added con-
tamination if the wound is near the fecal stream as
in ischial or sacral pressure ulcers. An added con-
cern is that stool and urine can be irritating to the
skin, causing further skin breakdown and exten-
sion of the ulcer. Because a large number of pa-
tients with pressure ulcers are incontinent of both
bowel and bladder, it is important to consider how
to deal with this. At the very least, these patients
require frequent changes of their diapers to mini-
mize skin contact with urine and stool. Con-
sideration should be given to placement of a
urinary catheter with the understanding that dis-
comfort and complications, including urinary tract
infection, are possible. Rectal tubes can be used but
are rarely useful due to solid stools.57

Diversion of the fecal stream through surgical
placement of a colostomy can be undertaken in
those cases where it is felt to be necessary to allow
proper healing. Any discussion of fecal diversion
should include consideration of the likelihood that
the colostomy will be permanent. Many of the pa-
tients who develop severe sacral and ischial pres-
sure ulcers are incontinent or require a bowel
program due to underlying conditions such as de-
mentia or spinal cord injury. In these patients,
having a permanent colostomy can actually be
beneficial in their long-term care.58

Surgery for reconstruction

Although the majority of pressure ulcers will heal
following debridement and conservative treatments
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outlined above, sometimes surgery will al-
low more rapid resolution of the ulcer. It
should be noted that patients with poorly
healing wounds should first be assessed for
why the wound is not closing as those same
factors could risk failure of surgical recon-
struction. There are a variety of techniques
available ranging from a simple skin graft
to pedicled or, rarely, microvascular flaps
for coverage. The appropriate candidate for
surgical reconstruction has a wound that
is without purulence, well-granulated and
well-protected from soilage. The patient should be
adequately nourished as assessed by nitrogen bal-
ance, albumin, and prealbumin, and without acute
medical problems separate from the wound. Any in-
trinsic problems that can delay healing should be
optimized, that is, well-controlled blood sugars in
diabetics. In the appropriate patient, reconstruc-
tion will speed healing. Composite local tissue flaps
are most frequently used to provide adequate tis-
sue protection and perfusion. There are innumer-
able approaches to tissue coverage and the plan for
each patient needs to be individualized. The flaps
are planned so that suture lines remain away from
pressure sites to ensure the best chance for heal-
ing.59 Microvascular tissue transfer is rarely used
but indicated when local options for creating a flap
are exhausted.60 Careful surgical planning is re-
quired to assure options for future reconstructions
in cases of flap failure or pressure ulcer recurrence.

Among the indications for using surgical recon-
struction are very large wounds, wounds with ex-
posed organs and vessels, chronically nonhealing
wounds, and wounds with osteomyelitis. Chroni-
cally infected bone will not allow appropriate
healing of the overlying tissue. Prolonged antibi-
otics are often inadequate in curing the infection. A
surgical approach to healing the ulcer requires
debridement of the infected bone and placement of
a well-vascularized flap to cover the area can allow
the infection to be cured.

SUMMARY

Pressure ulcer prevention remains the most im-
portant step in the management of these wounds.
However, despite best efforts, pressure ulcers may
develop if enough risk factors are present. Treat-
ment of pressure ulcers is necessary for patient
comfort and to decrease risk of systemic infection.

The mainstays of treatment as outlined above in-
clude debridement of devitalized tissue, control of
remaining infection with antibiotics, medical and
nutritional patient optimization, appropriate dress-
ing selection, and frequentmonitoring of progression
of wound evolution. If standard approaches are not
adequate, additional therapies can be pursued, in-
cluding biophysical modalities. Finally, in large ul-
cers, ulcers where wound healing is not adequately
progressing, or ulcers where chronic osteomyelitis is
present, reconstructive surgery can be considered.
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TAKE-HOME MESSAGES

� Pressure ulcers represent a large and growing biomedical burden to

society.

� Understanding prevention and treatment is necessary for wound care

specialists.

� Novel dressings and therapies have not shown increased benefit over

others, but they have utility based on specific patients.

� A major target for research should be improved prevention, given pen-

alties now in place of hospital-acquired pressure ulcers.
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