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Abstract

Purpose of Review Pressure ulcers, or pressure-related injuries, result from localized injury to the skin and underlying tissues due to
unrelieved pressure, usually over a bony prominence, resulting in ischemia, cell death, and tissue necrosis. Pressure injuries are
increasing in incidence due to an aging population with increasing rates of obesity, diabetes, and cardiovascular disease. A rapidly
expanding geriatric population with impaired mobility, diminished sensation, and poor nutrition—factors exacerbated by the end-
stage effects of dementia, obesity, osteoarthritis, and diabetes as well as cardiovascular and cerebrovascular disease—have a greater
propensity toward, and a higher prevalence of, pressure injury. Our aim in this paper is to determine through a review of the literature
whether any new literature exists, indicating greater effectiveness in pressure ulcer prevention or treatment as compared to standard
of care. We examined which studies of available support surfaces, new and currently utilized wound dressings or any other treatment
modalities have provided evidence of any greater effectiveness than standard of care in the prevention of pressure injury and in
promotion of pressure ulcer healing. Our objective is to provide healthcare providers with an assessment of the relative efficacy of
the various interventions available to facilitate their decision-making in the healing of their patient’s pressure ulcers. Goals for
pressure injury prevention or treatment, especially in the geriatric population, address repositioning for pressure redistribution and
accurate diagnosis of wound etiology, including comorbidities in aging, cognition, care of aging skin, and patient or family goals in
care (healing versus palliation).

Recent Findings We performed a literature search of the Cochrane Database of Systematic Reviews, Ovid Medline, and PubMed
for published studies, reviews, and meta-analyses using the keywords pressure ulcer, pressure injury, wound care, bedsore, decubitus
ulcers, and support surfaces. We also examined the reference lists of included studies to identify additional trials, position statements,
guidelines, and reviews. We limited our review to English language publications between January 2008 and November 2018. We
identified 36 studies for review. Despite this relatively large number of studies, there remains a disturbing lack of good-quality
evidence regarding the effectiveness of support surfaces or repositioning for pressure ulcer prevention or treatment, for any class of
dressing or topical therapy for promotion of wound healing, or for nutritional supplementation to facilitate wound healing.
Summary These studies yielded little evidence to warrant an update to the current standard of care for pressure ulcer prevention
or management. The prevention and management of pressure ulcers requires a varied approach including assessment of risk,
institution of preventive measures, and interventions to promote wound healing. Several tools for pressure injury risk assessment
have been developed; a comparative description of these scales is provided. Understanding comorbidities (e.g., cardiovascular
disease, diabetes, and neurodegenerative disorders) as well as complicating issues common to the elderly population that can
impact pressure injury treatment (e.g., malnutrition, polypharmacy, incontinence, frailty, and disability) helps tailor wound care to
this population.
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dementia, obesity, osteoarthritis, and diabetes, as well as car-
diovascular and cerebrovascular disease.

Epidemiology

An estimated 2.5 million people in the USA develop pressure
ulcers annually according to the Agency for Healthcare
Research and Quality with an estimated prevalence of 0.4 to
38% in acute care facilities, 2 to 24% in long-term care facil-
ities, and up to 17% in home caresettings [1]. The Agency for
Healthcare Research and Quality (AHRQ) reported that
705,000 of these pressure injuries occur during acute inpatient
stays in its National Scorecard for hospital-acquired compli-
cations (HAC) for 2014-2016. Indeed, of the 10 HAC mon-
itored by the Department of Health and Human Services with
a goal of 20% reduction between 2014 and 2019, pressure
injury occurrence is one of only two conditions (the second
being catheter-associated urinary tract infection) that have not
only not decreased but actually increased since 2014.
According to the AHRQ), the estimated cost of treating each
of these ulcers is $37,800 to $70,000 with up to $11 billion
annually expended on pressure injury management. This rep-
resents a costly and resource-intensive (time, labor, space)
challenge to healthcare providers and payers.

While progress in modern medicine improves life expec-
tancy and systemic disorders, longer life also contributes to
more advanced stages of disease and an increased potential for
pressure injury development. Pressure injuries are increasing
in incidence due to orthopedic and neurologic injuries and due
to an aging population with increasing rates of obesity, diabe-
tes, and cardiovascular, as well as cerebrovascular disease. In
addition, higher rates of surgery (e.g., hip and knee replace-
ment) can lead to more time in dependent positions.
Prodigious numbers of patients with end-stage complications
of these illnesses such as stroke and amputation result in a
greater prevalence of predisposing factors for pressure injury
such as decreased mobility, diminished sensation, poor nutri-
tion, and incontinence (fecal and urinary). A retrospective
study in 2015 of 174 patients in a skilled nursing facility by
Jaul and Calderon-Margalit showed that patients with pressure
injury died significantly sooner (94 days) than patients with
the same comorbidities without pressure injury (414 days, p =
0.005) [2]. Another study demonstrated that decreased surviv-
al in an elderly population was associated with the number
pressure ulcers combined with anemia, advanced dementia, or
higher BMI (Jaul 2017) [3].

Pathophysiology

Normal capillary pressure is approximately 25 to 32 mmHg,
with occlusion of blood vessels if external pressure is greater

than 33 mmHg [4]. As pressure exceeds this value, tissue an-
oxia ensues. Exceeding supracapillary pressure (70 mmHg)
continuously for 2 h leads to microvessel occlusion in the der-
mis as first identified by Kosiak in rat models [4]. Ultimately,
this process leads to cell death and ultimately soft tissue necro-
sis and ulceration.

There is an inverse relationship between the duration of
pressure and the degree of pressure. How much pressure and
the time needed to create injury is widely studied. Epidermal
hyperemia can be seen in 30 min or less with pressures over
33 mmHg, while ischemia may occur after 2 to 6 h of this
continuous pressure. Necrosis is observed after 6 h of continu-
ous pressure [4].

Why some areas are more prone to pressure injury than
others is multifaceted, and typically relates to the amount of
pressure and bony prominences. Subcutaneous tissue and mus-
cle are more metabolically active and thus more vulnerable to
pressure injury than skin, with pressure greatest at the interface
of a bony prominence and soft tissue. Tissue pressures can vary
over different pressure points depending upon posture/body
position: pressure can be 70 mmHg on the buttocks when su-
pine and as high as 300 mmHg at the ischial tuberosities in
sitting [5]. Many older adults develop loss of soft tissue cushion
between skin and bony prominences as a consequence of aging;
this can increase their risk of tissue injury. Given the wide
variety of body habitus, positions of comfort, contractures,
and comorbidities/self-care deficits (e.g., incontinence, mobility
issues), it is difficult to give narrow recommendations on “safe”
sit or lie times. General guidelines recommend weight-shifting
every 15-20 min for 30 s or more if sitting, and repositioning
every 2 h in bed. These guidelines need to be tailored for the
unique needs of each patient.

It should be recognized that skin assessment must consider
the skin color of the patient. Erythema in darker pigmented
patients may look purple or appear as darkening. In these
patients, thickened skin consistency and/or increased temper-
ature may be better indicators than erythema or blanchability.

Objective

The intent of this paper is to perform a review of the most current
literature for relevant trends and/or significant advances in the
prevention and management of pressure-related injury. Our goal
is to provide a critical assessment of new approaches as well as
comparisons of the efficacy of existing therapies to help inform
healthcare providers’ decisions in the prevention of pressure-
related injury and in the management of pressure ulcers.

Current Best Practice for Pressure Ulcer Prevention and
Management Current best practice for the prevention and
management of pressure injury requires a comprehensive pro-
gram as detailed in Table 1. Practices noted often need to be
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Table 1 Current best practice for the prevention and management of
pressure injury

Prevention and management of pressure-related injury

Assessment of risk

Pressure alleviation

Utilization of evidence-based prevention (if any)

Staging of wounds*

Debridement, if indicated

Topical wound therapies

Nutrition optimization

Comorbidity management

Ongoing surveillance for and management of complications

Referral to specialists as needed (i.e., infectious disease, vascular
surgery, plastic surgery)

These best practices are based on the 2009 joint guidelines from the
European Pressure Ulcer Advisory Panel (EPUAP) and the National
Pressure Ulcer Advisory Panel (NPUAP). These guidelines were the
culmination of 4 years of collaborative research to identify evidence-
based recommendations which could be used by healthcare professionals
worldwide [6+¢]. They are available online at http:/www.npuap.org

*See “Evaluation” section for staging of pressure injury

done concurrently, rather than in sequence. Approach is tai-
lored to the goals and needs of each patient [7¢].

Methods

We completed a literature search of the Cochrane Database of
Systematic Reviews, Ovid Medline, and PubMed for published
studies, reviews, and meta-analyses of pressure injury preven-
tion and management. We also examined the reference lists of
included studies to identify additional trials, position state-
ments, guidelines, and reviews. We limited our review to
English language publications between January 2008 and
November 2018.

We identified and reviewed 11 original studies, 19 reviews,
2 guidelines, and 4 meta-analyses which examined evidence
of effectiveness of support surfaces, repositioning techniques,

methods for risk assessment and staging, various dressings
and topical wound therapies, advanced wound therapies, nu-
tritional interventions, and other therapeutic interventions. We
also reviewed recent updates to the EPUAP.

Findings
Risk Assessment

Risk assessment and preventive measures are undertaken to
identify and mitigate or even eliminate factors predisposing to
pressure ulcer development. Risk factors for pressure ulcers
include impaired mobility, older age, cognitive impairment,
poor nutrition, impaired sensation, hypoalbuminuria, micro-
vascular disease, urinary or fecal incontinence, lower body
weight, and black race or Hispanic ethnicity. Several tools
for pressure injury risk assessment have been developed; the
most widely used tools, including the tool components and
scoring, are listed in Table 2.

We identified four comparative analyses of risk assessment
tools with our literature search: one RCT, one Cochrane review,
one narrative review, and one clinical practice guideline from
the American College of Physicians [12—15]. The RCT com-
pared the effectiveness of two tools, the Waterlow tool and the
Ramstadius tool (a combination risk assessment and interven-
tion tool), and clinical judgment of experienced wound care
nurses in a good-quality randomized study with more than
1200 subjects; subjects were followed for the duration of their
inpatient stay (minimum of 3 days, average 8.6 days). This
study found no difference in pressure ulcer incidence between
the three groups (Waterlow 8%, Ramstadius 5%, Nursing judg-
ment 7%) [12]. Both the Cochrane review and the narrative
review came to the same conclusion—there is no evidence to
indicate greater effectiveness of any of these tools in reducing
the incidence of pressure injury as compared to nursing clinical
judgment [13, 14]. Finally, the clinical practice guideline pub-
lished by ACP notes moderate-quality evidence of low speci-
ficity and sensitivity to identify patients at risk of pressure inju-
ry across the Braden, Norton, Cubbin and Jackson, and
Waterlow tools as well as moderate-quality evidence showing

Table 2 Risk assessment tools for

Scoring

nutrition, friction, and shear

pressure injury Tool Scale components
Braden [8]
Norton [9]
mobility, incontinence
Cubbin and

Jackson [10]

Sensory perception, moisture, activity, mobility,
Physical condition, mental condition, activity,

Age, weight, medical history, skin condition,
mental condition, mobility, hemodynamics,

6-23 scale (lower
score, higher risk)

5-20 scale (lower
score, higher risk)

9-48 (lower score,
higher risk)

respiration, oxygen requirements, nutrition,
incontinence, hygiene (developed for ICU patients)

Waterlow [11]

Build/weight for height, skin type, sex and age, continence,
mobility, nutrition, neurological deficit, major surgery/trauma

1-64 scale (higher
score, higher risk)

@ Springer


http://www.npuap.org

Curr Phys Med Rehabil Rep (2019) 7:170-177

173

similar diagnostic accuracy across the four scales [15]. The
result of these studies provide support for relying on the judg-
ment of experienced nursing staff, or a wound care professional,
when available, for the assessment of pressure ulcer risk, and
utilizing any of the noted risk assessment tools if an appropriate
professional is not available.

Prevention

Once risk for pressure injury has been assessed and judged to
be significant, preventive measures should be initiated.
Preventive measures include pressure relief via mobilization
when possible, support surfaces and repositioning, nutritional
supplementation, dressings, and skin emollients.

A wide variety of support surfaces are available from a
diverse group of manufacturers around the world. However,
no high-quality studies of the relative effectiveness of these
offerings have been conducted. Indeed, a dearth of head-to-
head comparisons in controlled trials, randomized or not, ex-
ists. The small number of existing studies exhibit a heteroge-
nous study population and a high risk of bias [16—18]. Further
limitation in the ability to assess the relative effectiveness of
different support surfaces lies in use of outdated classification
systems by investigators. The NPUAP has recently instituted
the Support Surface Standards Initiative (S3I) classification
system with a goal of standardizing terms and definitions
across the industry [18].

A high-quality Cochrane review by Mclnnes et al. in 2015
was updated to include 6 additional studies for a total of 59
RCT for meta-analysis and concluded that patients on stan-
dard hospital foam mattresses were more likely to suffer pres-
sure injury than those on high-specification foam mattresses,
and that those who used sheepskin overlays also developed
fewer pressure injuries [16]. However, this analysis did not
use the NPUAP S3I classification system.

A more recent advanced network meta-analysis was con-
ducted by Shi et al. [17] They also examined the literature
regarding support surfaces for pressure ulcer prevention, but
expanded the search of RCT to April 2016, did not limit lan-
guage or publication status, and in addition to all sites queried
by Mclnnes et al. included the Chinese Biomedical Literature
Database. Their primary outcome was also pressure ulcer de-
velopment, but patient comfort was an additional outcome
assessed. Full descriptions of the support surfaces utilized in
each study were elicited. Support surfaces in all included stud-
ies were classified using the NPUAP S31 system then catego-
rized into 1 of 14 intervention groups. A total of 65 studies
were included; 44 from the Mclnnes review, 8 additional
English studies, and 14 Chinese studies. Significant heteroge-
neity was found in terms of setting, baseline skin status, and
follow-up in some of the studies and over half of the included
studies had serious or very serious limitations, resulting in
high levels of uncertainty of the evidence. The authors

concluded that there is a moderate certainty of evidence that
powered active air surfaces and powered hybrid air surfaces
probably reduce the incidence of pressure injury by an average
of 58% and 78%, respectively. There was too much uncertain-
ty in the data to indicate that any of the other 12 interventions
could prevent pressure injury.

Impaired mobility and physical inactivity are key risk fac-
tors in the development of pressure injury, particularly in the
geriatric population as these patients frequently have other risk
factors such as poor skin integrity and impaired circulation.
Given that context, repositioning to decrease sustained pres-
sure to a site is an almost uniformly recommended prevention
method and widely employed. However, little evidence exists
to support the effectiveness of this intervention or identify
optimal intervals for repositioning. A Cochrane review by
Gillespie et al. identified three RCTs, examining pressure in-
jury prevention via repositioning [19]. Two studies compared
30° and 90° tilt positioning while supine with similar reposi-
tioning frequencies, and the third compared alternative repo-
sitioning frequencies (every 2 and 3 h versus every 4 and 6 h).
All three trials were underpowered and had a high degree of
bias. However, these authors reported a lower risk for pressure
injury at 30° tilt with repositioning every 3 h over usual care of
90° tilt for 3 h [14, 19].

Nutrition

The correlation between poor nutritional status and the devel-
opment of pressure injury has been suggested by several stud-
ies. A Cochrane systematic review of 11 RCTs examining
nutritional supplementation for pressure injury prevention
was published by Langer et al. in 2014 [20]. A meta-
analysis of eight of these trials compared the effects of mixed
(protein/carbohydrate) nutritional supplementation versus a
standard hospital diet on pressure injury development and
revealed no clear evidence of benefit for supplementation.
However, a high risk of bias exists in these trials as well as
inadequate allocation concealment, failure to blind patients,
and selective reporting.

Topical Agents and Dressings for Prevention

Topical creams/lotions and dressings are utilized with the goal
of optimizing skin health to prevent the development of pres-
sure injury. Moore et al. conducted a Cochrane review of five
RCTs of topical agents and four trials of dressings over bony
prominences as preventive measures for pressure injury [21].
The five RCTs included 940 participants. Analysis showed a
reduction in pressure ulcer incidence of 36%; however, this
fell to 22% when a single cluster randomized trial was
excluded.

The four RCTs (561 total participants) examining applica-
tion of a dressing over a bony prominence found a reduced
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risk of pressure injury. However, the authors noted a substan-
tial risk of bias—most had manufacturer sponsorship with
heterogeneous populations and interventions.

Evaluation
Staging

The NPUAP has changed the terminology of “pressure ulcer”
to “pressure injury” to more accurately describe the spectrum
of injury from sustained pressure. The term “pressure injury”
has been redefined as follows:

Localized damage to the skin and/or underlying soft tissue
usually over a bony prominence or related to a medical or
other device. The injury can present as intact skin or an open
ulcer and may be painful. The injury occurs as a result of
intense and/or prolonged pressure or pressure in combination
with shear. The tolerance of soft tissue for pressure and shear
may also be affected by microclimate, nutrition, perfusion,
comorbidities, and condition of the soft tissue [18].

The redefined NPUAP staging system is detailed in
Table 3 [18].

Treatment
Support Surfaces

A hallmark of pressure injury treatment is alleviation of pres-
sure. Pressure relief can be achieved via mobilization (when
feasible), support surfaces and repositioning. We were unable
to identify any RCTs assessing the effect of repositioning on
pressure injury healing [22]. We, therefore, cannot conclude
that repositioning affects healing of pressure injury despite its
being internationally agreed upon as a best practice.

Numerous specialized support surfaces designed to redis-
tribute pressure exist; however, clear evidence of the relative
effectiveness of these various support surfaces is lacking.

Mclnnes et al. completed a Cochrane review of support
surfaces in the treatment of pressure injury. The review includ-
ed 19 studies with more than 3200 participants. All of the
studies were noted to have low or very low certainty, and
downgraded because of risk of bias or imprecision. No benefit
was found for any particular support surface including low air
loss, alternating pressure mattresses (dynamic mattresses),
static foam gel, water, or alternating pressure overlays, nor
was any benefit demonstrated with air-fluidized beds [23].

An older systematic review published by the Medical
Advisory Secretariat of Ontario, Canada, in 2009 came to
the same conclusion except one study suggested an improved
rate of healing with air fluidized beds compared with alternat-
ing pressure mattresses or overlays [ 24].

Dressings

When an ulcer is present, dressings may be used for treatment;
however, the best practice is to prepare the ulcer bed to optimize
treatment. Preparation of the pressure ulcer wound bed is a
critically necessary step before choosing a wound dressing.
Typically, preparation consists of debridement of necrotic tissue
in the wound bed, which can help reduce the bio-burden and
minimize bacterial colonization. Debridement can be accom-
plished through various methods including autolytic, chemical,
enzymatic, mechanical, and surgical. There are several means
of achieving autolytic debridement (i.e., use of the body’s mois-
ture and the wound’s exudate with an occlusive or semi-
occlusive dressing to debride devitalized tissue). Chemical de-
bridement is via the application of a topical agent (enzymatic or
nonenzymatic), which chemically disrupts or digests
devitalized extracellular material present in the wound.

Table 3 Redefined NPUAP

staging system NPUAP redefined

level of injury

Definition

Previous terminology

Stage 1 pressure injury
Stage 2 pressure injury
Stage 3 pressure injury
Stage 4 pressure injury
Unstageable

Deep tissue injury

Medical device-related
pressure injury

Mucosal membrane
pressure injury

Nonblanchable erythema of intact
Partial-thickness skin loss/exposed dermis
Full-thickness skin loss

Full-thickness skin and tissue loss

Stage I pressure ulcer

Stage II pressure ulcer
Stage III pressure ulcer
Stage IV pressure ulcer

Obscured full-thickness skin and tissue loss Unstageable
Persistent nonblanchable, deep, red, Suspected deep tissue
maroon, or purple discoloration injury
Injury results from devices designed and applied N/A
for diagnostic or therapeutic purpose. Staged
using the NPUAP staging system.
Injury of mucous membranes with a medical N/A

device in use at the location of the injury; cannot
be staged.
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Collagenase (Santyl®) remains the only enzymatic debriding
agent available in the United States. A 2008 review by
Ramundo and Gray evaluating all prospective and retrospective
studies that compared enzymatic debridement using collage-
nase found collagenase ointment to be more effective than pla-
cebo (inactivated ointment or petrolatum ointment) for debride-
ment of necrotic tissue from pressure ulcers [25]. Mechanical
debridement is done through using mechanical force (i.e., pul-
satile lavage, or wound irrigation). Surgical debridement is of-
ten the most efficient method and utilizes sharp instruments
such as a scalpel, scissors, or curettes. This can be performed
bedside, in the office or wound care center, or in the operating
room depending on the necessity for anesthesia and the ability
to control perioperative complications (e.g., bleeding, pain).

Further evaluation of the condition of the wound bed in-
cludes management of infection and inflammation in the
wound, calculation of wound area and depth, tunneling, eval-
uation of the moisture status in the wound, and an assessment
of the condition of the wound edge and periwound skin.

Pressure ulcers present a unique environment for microbial
colonization, especially if there has been bacterial contamina-
tion from fecal material. It is important to determine where a
ulcer/wound lies on the spectrum of contamination; this may
range from simple contamination (bacteria present but no
growth), to colonization (bacteria present and growing in
wound but being managed by the host immune system and
not causing damage to the wound), to critical contamination
(growth beginning to exceed host immune system), and finally
to infection (invasion into tissue with host immune response).
Determining where on this spectrum a wound resides helps
inform decisions about the choice of dressings (antibiotic or
not?) and the need for systemic antimicrobial therapy [26-28].

The Cochrane Database of Systematic Reviews contains a
suite of studies investigating the comparative effectiveness of
various dressings. Walker et al. reviewed nine trials in 2014
(483 participants) finding low- to very-low-quality of evi-
dence and no difference in ulcer healing with foam dressings
as compared to other dressings [29]. Another Cochrane review
by Dumville et al. reviewed six studies (336 participants)
comparing alginate with other dressings (including hydrocol-
loids and radiant heat) also found the evidence to be of low or
very low quality in these small studies with no evidence of a
difference in ulcer healing with alginate as compared to the
other dressings [30].

In a 2017 Cochrane review, Westbury et al. conducted a
network meta-analysis of 51 studies (2947 total participants)
comparing 21 different interventions—13 dressings (includ-
ing hydrocolloids, alginates, protease-modulating dressings,
foams, contact layers, honey, and cadexomer iodine—
containing dressings and saline gauze), 6 topical agents (col-
lagenase, silver sulfadiazine, zinc oxide, phenytoin, honey,
and iodine) as well as mixed treatments and 2 supplementary
interventions (radiant heat and skin substitutes) examining the

probability of complete healing of pressure ulcers. They
judged the network to be sparse and consequently a high de-
gree of imprecision in the evidence. Coupled with the high
risk of bias, they found the evidence to be largely of low or
very low certainty. They reported no confidence in the find-
ings regarding any rank order of the interventions studied.
They concluded that protease-modulating dressings (moderate
certainty), as well as foam dressings and collagenase (low to
very low certainty) may provide a greater probability of
healing than simple saline gauze dressings [31].

While not a dressing per se, a Cochrane systematic review
of negative pressure wound therapy (NPWT) for pressure ul-
cer healing yielded four small studies (149 total partici-
pants)—two studies of NPWT versus dressings, one study
of NPWT versus topical gel, and one versus moist wound
therapy. Studies yielded evidence of low quality chiefly due
to the poor reporting of outcome data [32]. Better quality
studies need to be undertaken before recommendations re-
garding NPWT can be reasonably made.

Nutrition

Just as adequate nutrition is needed to prevent pressure ulcers,
it is considered just as important for the healing of pressure
ulcers. Two systematic reviews, one by Langer et al. (11 trials)
[20] and the second by Smith et al. (11 trials and 5 observa-
tional studies) [33] demonstrated no evidence of additional
improvement in healing with zinc and vitamin C supplemen-
tation as compared to without supplementation. The analysis
by Smith yielded 12 studies (10 RCTs and 2 observational
studies) that cumulatively suggested more rapid healing with
protein supplementation. [33]

Other Therapeutic Interventions

Numerous smaller studies have been published recently sug-
gesting benefit for a variety of adjunctive therapies including
electrical stimulation (Estim), ultrasound (US), massage thera-
py, electromagnetic therapy (EMT), light therapy, and laser
therapy.

A review of controlled trials on the impact of Estim on
pressure ulcer healing rates was conducted by Lui et al. [34,
35] Eight trials were reviewed and included comparisons of
pulsed and constant current versus sham Estim, and of elec-
trodes on the wound bed versus the surrounding skin. Pooled
analyses of these studies suggest that Estim improved pressure
ulcer healing rates, with pulsed current more efficacious than
constant current. A RCT comparing the effectiveness of Estim
to US in pressure ulcer healing was done by Karsli et al. though
no sham or control group was included. These groups experi-
enced mean healing rates of 43% (Estim) and 63% (US) [36].

The previously noted comparative effectiveness review by
Smith et al. also evaluated other adjunctive interventions.
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Seventeen studies of the effect of Estim on pressure ulcer
healing were reviewed (1988-2011) and revealed moderately
consistent results of improved healing rates but insufficient
data about complete wound healing [33].

A recent Cochrane review yielded no new RCTs on the use
of massage therapy in the treatment of pressure ulcer since
2010 [37]. Two previously reviewed RCTs comparing EMT
to sham EMT revealed no difference in healing [38]. No recent
trials, randomized controlled or clinically controlled, studying
the effect of light therapy or laser therapy could be identified.

Conclusions

We have provided an updated review of the literature regard-
ing the broad variety of prevention and treatment options for
pressure injury and ulcer. This is a highly relevant issue for
older adults due to the high prevalence of this condition in this
population.

Unfortunately, there is limited good-quality research fo-
cused on the prevention and management of pressure ulcers.
For geriatric patients, education, regular inspection, adequate
nutrition, and pressure relief as well as shear optimization are
the keys to preventing pressure injury. Several tools for pres-
sure injury risk assessment exist although clinician experience
has been demonstrated to be equally effective in assessing
risk. A multitude of support surfaces for the prevention and
treatment of pressure injury exist; however, current evidence
of effectiveness is of poor quality, due in part to differences in
terminology and a lack of product standardization, making
comparative analysis difficult and determination of the best
therapeutic choice challenging. The recent introduction of
NPUAP’s Support Surface Standards Initiative (S31) should
better enable a critical evaluation of the comparative effective-
ness of similar products as well as products across classes.
Higher quality randomized controlled trials to determine the
surfaces most effective for the prevention and treatment of
pressure injury are urgently needed.

A myriad of wound care dressing options lie before the
clinician seeking products to facilitate pressure ulcer healing.
Dressing choice is driven to some extent by wound condition,
as well as provider expertise and resources, patient and care-
giver support, as well as economic considerations. This deci-
sion is made even more difficult by patient comorbidities,
many of which adversely affect healing. Only limited
moderate-quality and no high-quality evidence exists to guide
the clinician in assessing the effectiveness of the various dress-
ing options. More rigorous study with clear randomization,
consistent blinding in as far as is feasible and longer follow-
up with clear documentation of degree of healing is critically
needed. At this time, dressing choice can often, admittedly, be
more art than science.

@ Springer

The prevention and management of pressure injury re-
quires a multipronged approach as outlined in the Best
Practices section of this article.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflicts of
interest.

Human and Animal Rights and Informed Consent  This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

* Of importance

¢ Of major importance

1. AHRQ. National scorecard on hospital-acquired conditions up-
dated baseline rates and preliminary results 2014-2016. https://
www.ahrq.gov/professionals/quality-patient-safety/pfp/2014-final.
html. Accessed 10 Nov 2018.

2. Jaul E, Calderon-Margalit R. Systemic factors and mortality in el-
derly patients with pressure ulcers. Int Wound J. 2015;12(3):254-9.

3. Jaul E, Rosenzweig JP. A retrospective study of the impact of pres-
sure ulcers on survival in elderly persons with chronic diseases.
Ostomy Wound Manage. 2017;63(5):26-32.

4. Bates-Jensen BM. Pressure ulcers: pathophysiology, detection, and
prevention. In: Sussman C, Bates-Jensen BM, editors. Wound care,
a collaborative practice manual for health professionals.
Philadelphia: Lippincott Williams & Wilkins; 2012.

5. Kosiak M. Etiology of decubitus ulcers. Arch Phys Med Rehabil.
1961:;42:19-29.

6.+ European Pressure Ulcer Advisory Panel, National Pressure Ulcer
Advisory Panel, Pan Pacific Pressure Injury Alliance. Prevention
and Treatment of Pressure Ulcers: Quick Reference Guide.
Washington, DC. National Pressure Ulcer Advisory Panel 2009
Accessed 17 Jan 2019. This is an almost universally collaborated
update to the most widely used guidelines for pressure injury
management.

7.+ Lyder CH. Pressure ulcer prevention and management. JAMA.
2003;289:289-223-6. https://doi.org/10.1001/jama.289.2.223. This
was a seminal article organizing the approach to managing
pressure ulcers.

8. Braden: http://www.bradenscale.com/images/bradenscale.pdf.
Accessed 17 Jan 2019.

9. Norton D, McLaren R, Exton-Smith AN. An investigation of geri-
atric nursing problems in the hospital. London, UK: National
Corporation for the Care of Old People (now the Centre for
Policy on Ageing); 1962. Reprinted with permission

10. Cubbin B, Jackson C. Trial of a pressure area risk calculator for
intensive therapy patients. Intensive Care Nurs. 1991;7(1):40—4.

11.  Waterlow: http://www.judy-waterlow.co.uk/the-waterlow-score-
card.htm. Accessed 17 Jan 2019.

12.  Webster J, Coleman K, Mudge A, Marquart L, Gardner G,
Stankiewicz M, et al. Pressure ulcers: effectiveness of risk-
assessment tools. A randomized controlled trial (the ULCER trial).


https://www.ahrq.gov/professionals/quality-patient-safety/pfp/2014-final.html
https://www.ahrq.gov/professionals/quality-patient-safety/pfp/2014-final.html
https://www.ahrq.gov/professionals/quality-patient-safety/pfp/2014-final.html
https://doi.org/10.1001/jama.289.2.223
http://www.bradenscale.com/images/bradenscale.pdf
http://www.judy-waterlow.co.uk/the-waterlow-score-card.htm
http://www.judy-waterlow.co.uk/the-waterlow-score-card.htm

Curr Phys Med Rehabil Rep (2019) 7:170-177

177

15.

16.

19.

20.

21.

22.

23.

24.

25.

26.

BMJ Qual Saf. 2011;20:297-306. https://doi.org/10.1136/bmjgs.
2010.043109.

Moore ZE, Cowman S. Risk assessment tools for the prevention of
pressure ulcers. Cochrane Database Syst Rev. 2014;(2):CD006471.
https://doi.org/10.1002/14651858.CD006471.pub3.

Chou R, Dana T, Bougatsouu C, Blazina I, et al. Pressure ulcer risk
assessment and prevention. A systematic comparative effectiveness
review. Ann Intern Med. 2013;159:28-38. https://doi.org/10.7326/
0003-4819-159-1-201307020-00006.

Quaseem A, Mir T, Starkey M, Denberg T. Risk assessment and
prevention of pressure ulcers: a clinical practice guideline from the
American College of Physicians. Clinical Guideline Committee of
the American College of Physicians. Ann Intern Med. 2015;162:
359-69. https://doi.org/10.7326/M14-1567.

Mclnnes E, Jammali-Blasi A, Bell-Syer S, Dumville J, Middleton
V, Cullum N. Support surfaces for pressure ulcer prevention.
Cochrane Database Syst Rev. 2015. https://doi.org/10.1002/
14651858.CD001735.pub2. Accessed 3 Sept 2015.

Shi C, Dumville J, Cullum N, Jan Y. Support surfaces for pressure
ulcer prevention: a network meta-analysis. PLoS One. 2018;13(2).
https://doi.org/10.1371/journal.pone.0192707.

Edsberg LE, Black JM, Goldberg M, McNichol L Moore L,
Sieggreen M. Revised National Pressure Ulcer Advisory Panel
pressure injury staging system: revised pressure injury staging sys-
tem. J] Wound Ostomy Cont Nurs. 2016;43(6):585-96.

Gillespie B, Chaboyer W, Mclnnes E, Kent B, Whitty J, Thalib L.
Repositioning for pressure ulcer prevention in adults. Cochrane
Database Syst Rev. 2014. https://doi.org/10.1002/14651858.
CD009958.pub2.

Langer G, Fink A. Nutritional interventions for preventing and
treating pressure ulcers. Cochrane Database Syst Rev. 2014.
https://doi.org/10.1002/14651858.CD003216.pub2.

Moore Z, Webster J. Dressings and topical agents for preventing
pressure ulcers. Cochrane Database Syst Rev. 2017. https://doi.org/
10.1002/14651858.CD009362.pub2.

Moore Z, Cowman S. Repositioning for treating pressure ulcers.
Cochrane Database Syst Rev. 2015. https://doi.org/10.1002/
14651858.CD006898.pub2.

Mclnnes E, Jammali-Blasi A, Bell-Syer S, Leung V. Support sur-
faces for treating pressure ulcers. Cochrane Database Syst Rev.
2018. https://doi.org/10.1002/14651858.CD009490.pub2.

The Medical Advisory Secretariat. Management of chronic pressure
ulcers. An evidence based analysis. Ont Health Technol Assess Ser.
2009;9:3.

Ramundo J, Gray M. Enzymatic wound debridement. J] Wound
Ostomy Cont Nurs. 2008;35(3):273—80. https://doi.org/10.1097/
01.WON.0000319125.21854.78

Gupta S, Andersen C, Black J, de Leon J, Fife C, Lantis J, et al.
Management of chronic wounds: diagnosis, preparation, treatment,
and follow-up. Wounds. 2017;29(9 suppl):S19-36.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

Boyko T, Longaker M, Yang G. Review of current management of
pressure ulcers. Adv Wound Care. 2018;7:57—-67. https://doi.org/
10.1089/wound.2016.0697.

Norman G, Dumville JC, Moore ZE, Tanner J, et al. Antibiotics and
antiseptics for pressure ulcers. Cochrane Database Syst Rev.
2016;(4):CDO011586. https://doi.org/10.1002/14651858.
CDO011586.pub2.

Walker R, Gillespie B, Thalib L, Higgins N, Whitty J. Foam dress-
ings for treating pressure ulcers. Cochrane Database Syst Rev.
2017. https://doi.org/10.1002/14651858.CD011332.pub2.
Dumville J, Keogh S, Liu Z, Stubbs N, Walker R, Fortnam M.
Alginate dressings for treating pressure ulcers. Cochrane Database
Syst Rev. 2015. https://doi.org/10.1002/14651858.CD011277.
pub2.

Westbury M, Dumville J, Soares M, Stubbs N, Norman G.
Dressings and topical agents for treating pressure ulcers.
Cochrane Database Syst Rev. 2017;6:CD011947. https://doi.org/
10.1002/14651858.

Dumville J, Webster J, Evans D, Land L. Negative pressure wound
therapy for treating pressure ulcers. Cochrane Database Syst Rev.
2015. https://doi.org/10.1002/14651858.CD011334.pub2.

Smith M, Totten A, Hickam D, Fu R, et al. Pressure ulcer treatment
strategies. A systematic comparative effectiveness review. Ann
Intern Med. 2013;159:39-50. https://doi.org/10.7326/0003-4819-
159-1-201070200-0007

Lui L, Moody J, Gall A. A quantitative, pooled analysis and sys-
tematic review of controlled trials on the impact of electrical stim-
ulation settings and placement on pressure ulcer healing rates in
persons with spinal cord injuries. Ostomy Wound Manage.
2016;62(7):16-34.

Sullivan N, Schoelles K. Preventing in-facility pressure ulcers as a
patient safety strategy. A systematic review. Ann Intern Med.
2013;158:410-6.

Bora Karsli P, Gurcay E, Karaahmet O, Cakci A. High-Voltage
electrical stimulation versus ultrasound in the treatment of pressure
ulcers. Adv Skin Wound Care. 2017;30(12). https://doi.org/10.
1097/01.ASW.0000526606.72489.9910.1097/01.ASW.
0000526606.72489.99.

Zhang Q, Sun Z, Yue J. Massage therapy for pressure ulcers.
Cochrane Database Syst Rev. 2015:CD010518. https://doi.org/10.
1002/14651858.CD010518.pub2.

Aziz Z, Flemming K. Electromagnetic therapy for treating pressure
ulcer. Cochrane Database Syst Rev. 2012;12(0):CD002930. https://
doi.org/10.1002/14651858.CD002930.pub6.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1136/bmjqs.2010.043109
https://doi.org/10.1136/bmjqs.2010.043109
https://doi.org/10.1002/14651858.CD006471.pub3
https://doi.org/10.7326/0003-4819-159-1-201307020-00006
https://doi.org/10.7326/0003-4819-159-1-201307020-00006
https://doi.org/10.7326/M14-1567
https://doi.org/10.1002/14651858.CD001735.pub2
https://doi.org/10.1002/14651858.CD001735.pub2
https://doi.org/10.1371/journal.pone.0192707
https://doi.org/10.1002/14651858.CD009958.pub2
https://doi.org/10.1002/14651858.CD009958.pub2
https://doi.org/10.1002/14651858.CD003216.pub2
https://doi.org/10.1002/14651858.CD009362.pub2
https://doi.org/10.1002/14651858.CD009362.pub2
https://doi.org/10.1002/14651858.CD006898.pub2
https://doi.org/10.1002/14651858.CD006898.pub2
https://doi.org/10.1002/14651858.CD009490.pub2
https://doi.org/10.1097/01.WON.0000319125.21854.78
https://doi.org/10.1097/01.WON.0000319125.21854.78
https://doi.org/10.1089/wound.2016.0697
https://doi.org/10.1089/wound.2016.0697
https://doi.org/10.1002/14651858.CD011586.pub2
https://doi.org/10.1002/14651858.CD011586.pub2
https://doi.org/10.1002/14651858.CD011332.pub2
https://doi.org/10.1002/14651858.CD011277.pub2
https://doi.org/10.1002/14651858.CD011277.pub2
https://doi.org/10.1002/14651858
https://doi.org/10.1002/14651858
https://doi.org/10.1002/14651858.CD011334.pub2
https://doi.org/10.7326/0003-4819-159-1-201070200-0007
https://doi.org/10.7326/0003-4819-159-1-201070200-0007
https://doi.org/10.1097/01.ASW.0000526606.72489.9910.1097/01.ASW.0000526606.72489.99
https://doi.org/10.1097/01.ASW.0000526606.72489.9910.1097/01.ASW.0000526606.72489.99
https://doi.org/10.1097/01.ASW.0000526606.72489.9910.1097/01.ASW.0000526606.72489.99
https://doi.org/10.1002/14651858.CD010518.pub2
https://doi.org/10.1002/14651858.CD010518.pub2
https://doi.org/10.1002/14651858.CD002930.pub6
https://doi.org/10.1002/14651858.CD002930.pub6

	Management of Pressure Ulcers and Pressure-Related Injury
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Epidemiology
	Pathophysiology
	Objective
	Methods
	Findings
	Risk Assessment
	Prevention
	Nutrition
	Topical Agents and Dressings for Prevention

	Evaluation
	Staging

	Treatment
	Support Surfaces
	Dressings
	Nutrition
	Other Therapeutic Interventions


	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance �•• Of major importance



