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Considerable dogma and rhetoric, rather than evidence-based results, have accompanled recommendations for
the prevention and treatment of pressure ulcers. Therapy for pressure ulcers is generally empiric, based en anec-
dotal experience, or borrowed from the treatment of patients with acute wounds. The treatment of pressure ul-
cers is problematic because of multiple comorbidities of patients, the chronic duration of pressure ulcers, and
often by the physician®s relative unfamiliarity with treatment options, Issues and dilemmas in the prevention of
pressure ulcers center around risk assessment, means of pressure rellef, and nutritional support. Similar issues in
the treatment of pressure ulcers include implementing pressure refief, nutritional support, local wound care, the
best method of debridement, diagnosing infection, the use of topical growth factors, and surgical treatment. The
accumulating datz for the prevention and management of pressure ulcers permits an outline of clinical strategies.

RESSURE ulcers are rare, affecting only about 0.5% of

the total population. The distribution is clustered into
two groups, peaking once in younger, mostly neurologically
impaired persons and again in older persons. The cluster in
the geriatric population accounts for about 70% of all pres-
sure ulcers.

A guideline panel made approximately 85 specific rec-
ommendations on Lhe basis of a careful literature ceview
in 1993 (1), Only four level-A recommendations and ten
level-B recommendations could be made. Few controlled
trials existed to evaluate specific treatment modalities.
Whereas the general principles of pressure uicer manage-
ment seem to be well established, controversy exists over
specific areas of prevention and treatment. Many of the
studies are compromised by their study design, the inability
1o control for confounding factors, or funding sources. For-
tunately, newer data is becoming available to increase our
understanding of management principles.

IssuES AND DILEMMAS IN PREVENTION

Risk Assessment

Considerable effort has been directed toward risk assess-
ment. In theory, persons who are at high risk for develop-
ing pressure ulcers can be identified, and increased effort
can be directed to preventing ulcers in these persons. The
classical scale is the Norton Score, developed in 1962 and
still widely used (2). Patients are classified using five risk
factors graded from one to four. Scores range from 5 to 20,
with higher scores indicating lower risk. In the initial study,
48% of patients who scored less than 12 developed pres-
sure ulcers, compared with only 5% of those who scored
above 18. The generally accepted at-risk score is 14 or less,
and patients with scores below 12 are at particularly high
risk {3). The Norton score has been expanded into the Wa-
terlow Scale in the United Kingdom (4). A commeonly used
risk assessrnent instrument in the United States is the
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Braden Scale. This instrument assesses six items: sensory
perception, moisture exposure, physical activity, mobility,
nutrition, and friction/shear force. Each item is ranked from
ane {least favorable) to three or four (most favorable) for a
maximal total score of 23. A score of 16 or less indicates a
high risk (5). A comparison of the instruments is shown in
Table 1.

Both the Norton Score and the Braden Scale have good
sensitivity (73-92% and 83-100%, vespectively) and speci-
ficity (61-94% and 64—77%, respectively), but both have
poor positive predictive value (around 37% when the pres-
sure ulcer incidence is 20%) (6}. In populations with an in-
cidence of pressure ulcers less than 20%, such as nursing
homes, the same sensitivity and specificity would produce a
positive predictive value of 2%. The Norton and Braden
scales show a .73 Kappa statistic agreement among at-risk
patients, with the Norton Score tending to classify patiems
as at risk when the Braden scale classified them as not at-
risk (7). The net effect of poor positive predictive value
means that many patients who will not develop pressure ul-
cers will receive expensive and unnecessary treatment (8).

In clinical practice, risk assessment has been problematic.
First, risk assessment is not universally applied (9). Less
than half of the high-risk elderly persons admitted to acute
care with a hip fracture had any sont of risk assessment per-
formed (10). It is possible that resistance to implementing
risk assessment models is due to recognition by clinicians
that the instruments are inadequate. Second, no risk assess-
ment study has demonstrated that persons identified as at-
risk, or who have a plan of care based on risk assessment,
are less likely to develop a pressure ulcer (10-14). Qut of 36
hospitalized, severely ill patients assessed as at-risk, 4.4%
{95% confidence interval 1.9-6.9) developed sores, whereas
none of the 239 patients who were assessed as not being at-
risk developed a sore. The occurrence of pressure ulcers in
identified patients who received appropriate intervention
suggests that there may be a “floor effect” to the prevention
of pressure ulcers in severely ill patients (15). Overall, risk
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Table 1. Comparison of Risk Assessmient fnstruments

Variuble

Nortori Braden Waterlaw

Mobility X X X
Moisture exposure X X X
Physical activiry X X

General coudition X X
Nutrition X

Appetite X
Friction/shear force X

Sensory perception X

Mental siatus X

Skin 1ype X
Medicatzon X
Weight X
Age X
Gender X
Other {c_g.. disease} X

Note: X = Scale contgins the iteim,

assessment appears to be underutilized, inaccurate, and un-
related to pressure ulcer development.

In settings with a high incidence of pressure ulcers, the
frequency of pressure ulcers has been reduced by careful
attention. Usually these interventions involve education,
heightened awareness, and organization of wound teams to
deal with the problem incidence. Over time, reductions of
25% to 30% have been reported (16,17). The reduction may
be transient, unstable with time, due to changes in person-
nel, or due to random variation (18). However, no trial has
reported an elimination of pressure wlcers over time. Single,
experimental interventions of pressure relief devices in
carcfully controlled studies have reduced the incidence of
pressure ulcers but have not eliminated the problem. Para-
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doxically, the level of nursing staffing has not been associ-
ated with the development of pressure ulcers (19).

Relieving Pressure

Pressure ulcers are thought to be due to unrelieved pres-
sure. Relief of unrelenting pressure should eliminate the
problem. Despite commonsense approaches 1o tuming, po-
sitioning, and improving passive activity, no published data
supports the view that pressure ulcers can be prevented by
passive positioning (20,21),

Bioengineering advances have produced devices that can
reduce tissue interface pressures over body surfaces. Table
2 summarizes clinical trials of the effect of pressure-reduc-
ing devices compared with a standard hospital mattress. The
definition of a “standard™ mattress varies around the world,
making comparisons more difficult. The data indicate that
several pressure-reducing devices are superior 10 a standard
mattress, with a relative risk reduction of about 70%. When
the absolute risk reduction can be calculated, the number
needed o treat is as low as 3 (12). When compared with a
“standard matiress,” the net effect of these strategies has
been demonstrated to be effective in reducing the incidence
of pressure ulcers.

When various devices, such as an alternating air mattress
or a low-air-loss bed, are compared among themselves
rather than with a standard matiress, little difference be-
tween devices is apparent {Table 3). In high-risk patients in
acule or long-term care settings, the incidence of pressure
ulcers has been surprisingly high, despite allocation to any
studied device. .

Overall, the data suggest that patients likely to develop a
pressure ulcer should be treated with a pressure-reducing
device, although no device appears io be superior to an-

Table 2. Comparison of a Standard Mattress to Pressure-Reducing Devices in the Prevention of Pressure Ulcers

Population [rmieTvention

Resulis Relative Risk (95% C)

Prospective, randomized 1rial in acute care
patients with feinorul neck fracture (E31)

Prospective, randomized trial in surgical and
oncolagy patients (102)

Prospective, non-rundom trial in long-term
care (103)

Meta-analysis (12)

mattress

Prospeclive, randomized trial in orthopedic Bead bed vs standard materess
patients (104)

Prospective, randomized controlled ttial in

DeCube mattress vs standard mattress
Softfoam mattress vs slandard mattress
Clinifloal foam mattress vs standard

Standard mattress vi foamn support

In¢idence 25% on experimental
milttress vs 64% coatrol

0.35¢0.14-0.85)

Incidence 7% on treatment device vs 0.20 (0.09-0.45)
34% control

Incidence 2.0% on wreatment vs 2.4%  No difference between groups
control

Four trials Average risk redoction of 71%

(57%-81%)
0.32 (0.14-0.76)

Incidence 0% on oir mattress vs 37%  0.06 (0-0.99)

ak intensive catre unit (105)
Prospective, randomized trial in acute
care (106}
Mets-analysis (12)

Prospective, randomized trials in intensive
care units (107,108)
Prospective, randomized controlled rial in
intensive care unit {109}
" Quasi-experimental design in-db intensive )
care unit (110

Air-filled support vs standard mattress

Allernating-pressure Inatiness vs water
mattress vs standard mattress

Standard matiress vs constant low-
pressure supporl

Standurd mattress vs kinetic turning beds

LAL vs standard mattress

Low-air-loss bed vs standird mattress

on standard matuess
Incidence 4% alternating vs 5% water
vs | 3% on standard mattress
Three trials

Two trials

Incidence 12.2% on LAL v$ 31% on
standard mattress

Incidence 19% on LAL vs 13% on
standard mattress

.35 (0. 15-0.79} water mattress
compared with standard
Average risk reduction of 70%
No difference between groups

0.24 @.11-0.53)

No difference between proups

i:\rores: RR = relative risk; CT =.confidence interval; LAL = low-air-foss; Constant Low Pressure suppost = static air-filled, water-filled, get-filled, bead-filled, or
silicone-filled supports, sheepskin, or foam supports. Mela-anulysis results inciude only the sudies meeting the author’s inclusion critetia. Sorae trials included in the
mets-analysie are listed separately. Sce reference for specifics.
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Table 3. Comparison Among Pressure-Reducing Devices in the Prevention of Pressure Ulcers

Population Intervention

Rcs.qlls Relative Risk (95% CI)

Prospective, nonrandom, controliad-triat
infensive care patients (111)

Prospective, randornized wial in bigh-risk
inlensive care patients (117)

Prospective, controlied tria] in intensive
care unit (113)

Prospective, controlied trial in intensive
care unit (1 14)

mattresses
Air-filled vy gel-filled pad

other overlays
Adternating air mattress vs stalic air

MATESS VS Waker toatifass
Prospective, randomized trial in inlensive  Two groups of risk-bused pressure-
care unit ({15} reducing systems

Prospective, randomized trial in acute care

1387 fouam matiress

Prospective, randomized trial in orthopedic  Airwave vs Large Cell Ripple alternating
paticots {347) aif manress

Prospective, randomized trial in long-term  Maxifloat overslay vs 4" foam mattress
care {118)

Prospective, randomized wial in fong-lerm Two pressure-reducing devices
care (119)

Prospective, randomized trial in long-term  Alternating air ratiress vs silicone

care (neuwrological impairment) (120) averluy
Prospective, randomized trigl in long-term  Alternuting air mattress vs silicone
care (neurological impairmeat) (121) overlzy

Prospective. randomized trial in acute and
long-rerm care (122)
Meta-analysis (12)

LLAL bed vs all other surfaces

matiress

Prospective, randomized controlled tial in
aperating theater (123)

Praspective. randomized contrullad trial in

operaling theater (124) and standard mattress

Suitic foam vs two dynamic replacement

Alternating pressure mattress vs various

3" convoluted foam mattress vs 4° solid

Silicone overlay, water, foam, stuticair
Operating whte averlay vs standard table

Alternating pressure support vs gel pud

Incidence 8% in all groups No difference between groups

Incidence 32% on geb pad vs 32% on No difference between groups

air pad

Incidence 13% alternating pressur vs 0.38 (0.22-0.66)
34% all other devices

Incidence 20% alternating vs 5% slatic vs  No difference between groups
10% water

Incidence 24% vs 30% in both groups No difference between groups

Incidence 47% vs 31% Higher rate on 3" foam

Incidence 6% vs 34% (p = .05) Na difference between groups

0.42 ((.18-0.96)
Incidence 32% on both devices No difference betwecn groups
Iacidence 25% in both groups Nu difference between groups
Incidence > 50% in both groups Na difference between gruups
Incidence 19% on experimental device vs

7% on all other surfaces
Six tiuls

Experimental device was worse
Mo difference bevween groups
0.53 (0.33-0.85)

D21 10.06-0.7)

Notes: CL ~ confidence interval; LAL = law-air-loss, Mew-amlysis results include only the siudies meeting the author's inclusion ¢riteria. Some trials included in

the meta-analysis are fisted separately. See reference for specifics.

other, Choice is likely to be on the basis of cost, local avail-
ability, and comfort.

Nutrition in Preventing Pressure Ulcers

Nutritional status has been thought to influence the inci-
dence, progresston, and severity of pressure sores. Pressure
ulcers have been associated epidemniologically with markers
for poor nutritional status. The data, however, are contradic-
tory (Table 4). Albumin has been associated with the devel-
opment of pressure ulcers in most, but not all, studies. The
association of undernutrition is problematic, because there
is no accepted gold standard for the diagnosis of undernutri-
tion and because the markers for nutritional status may re-
flect underlying disease rather than undemutrition in older
ill persons. In siadies where albumin is associated with
pressure ulcers, the assessment of overall nutritional status
is not associated with the presence of a pressure ulcer. De-
creases in serum albumin may reflect the presence of in-
flammatory cytokine production rather than nutritional sta-
tus. Although poor nuirition is part of total patient care and
should be addressed in each patient, no nutritional interven-
tion has shown effectiveness in the prevention of pressure
ulcers in published studies (22,23).

An observational study of hospitalized, critically ill pa-
tients given nutritional supplements suggests ne effect on
pressure-ulcer incidence. Oral supplements were given to
32.6% of one group compared with 86.9% of another group.

There was no dilference in pressure-nlcer incidence (26.4%
vs 20.2%), pressure ulcer prevalence at discharge (14.7% vs
10.3%), mortality (15.6% vs 14.2%), length of stay (173
days vs 17.4 days), or nosocomial infections (26.4% vs
19.0%) (24).

The effect of higher caloric and protein intakes in nutri-
tionally supplemented, critically ill older patients did not af-
fect the development of a pressure ulcer. The subjects were
assigned by wards and were not similar at baseline. The no-
tritional intervention group had a lower risk for developing
pressure ulcers and was more independent. Despite a higher
caloric intake in the intervention group (Day 2: 1081 kcal vs
957 kcal, p = 006) and higher protein intake (439 g pro-
tein vs 38,3 g protein in the control group; p < .001), the
cumulative incidence of pressure ulcers was 41% in the nu-
tritional intervention group versus 47% in the control group
(25).

The effect of overnight supplemental enteral feeding in
patients with a fracture of the hip and a high pressure-sore
risk score has been evaluated in a randomized clinical trial.
Of the 62 patients randomized for enteral feeding, only 235
tolerated their tube for more than | week, and only 16 toler-
ated their tube for 2 weeks, Nao difference was found for the
development of a pressure ulcer, total serum protein, serum
atbumin, or the severity of pressure sores after 1 and 2
weeks. Comparison of the tube-fed group (n = 25 at 1 week;
n = 16 at 2 weeks) and the control group showed two to
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Table 4. Epidemiotogical Association of Nulritiona! Markers With Development of a Pressure Ulcer

First Aothor Setting Associated With the Presence of Pressure Ulcar Nor Associated With the Presence of Pressure Uleer

Allman (27} AC Albumin Weight. hemoglobin, TLC, nutritional asscssment

Gorse (45) AC Albumin Nutritional assessment scone

Inman (109) AC, ICU Albumin (measured at 3 d) Serum protein, hernogiobin, weight

Allman (27 AC BMIL TL.C Albtmin, TSF, arm citcomference, weight loss, hemoglobin, nitrogen
balance '

Hargink (26) AC, orthopedic Nocturnal enteral feeding

Anthony (125} AC Albumin, <32 grdl

Moolten (126) LTC 24/28 bad albumin,<3,5 g/dl

Pinchcofsky-Devin (127) LTC Scvere malnutrition by biochemical markers Mild-to-moderate malnutrition or nonnal nurition

Berdowitz (128) Lrc Impaired natritional ingake Albumin, serum protein, hemoglobin, TLC, BMlrweight

Bennett (28) LTC Weight, BML, weight gain

Brandeis (129) LTC Dependency in foeding BMU/weight, TSF

Trumbore (130) LTC Albumin, cholesterol

Breslow (131) LTC Albumin, hemoglobin Serum protein, cholestessl, zine, copper, transferrin, body weight,
BMI, TLC

Bergstrom (97) LTC Dictary protein intake 93% of RDA, dictary Serum protein, cholesteral. zine, copper, ransferrin, weight,

iron BMI, TLC
Ferrell (29) LTC Albumin, serum peotein, BMI, hematocrii

Bourdel-Morchasson (24 LTC
Gurninik (132) Community

Oral nutritional supplement (26% vs 20% incidence)
Alburnin, BMI, impaired noirition, hemoglobin

Note: AC = scue care; LTC = long-term care; BMI = body mass index: TLC = towal lvmphocyte count; TSF = triceps skinfold thickness; ICU = intensive care

unit; RDA = recommend daily allowance.

three times higher protein and energy intake (p < .0001) and
a significantly higher total serum protein and serum albumin
after 1 and 2 weeks in the wbe-fed group (all p < .001).
However, the development and severity of pressure ulcers
were not significantly influenced in the tube-fed group. It is
possible that the lack of effect on supplemental enteral feed-
ing was due to poor tolerance of the feedings (26).

IssUES AND DILEMMAS IN TREATMENT
Pressure Relief

Pressure-relieving devices have a therapeutic role in
treating pressure ulcers. Air-fluidized therapy, because of

its extremely low tissue interface pressures, has been
thought to be the best available therapy for pressure ulcers,
In the very shont clinical trials summarized in Table 5, air-
fluidized therapy has been associated with improved rates
of closure of pressure ulcers in hospital settings but not in
longer-duration home trials.

When patients with pressure ulcers in an acute hospital
seiting were randomized to air-fluidized therapy or a vinyl
allernaling air mattress, patients treated on air-fluidized
beds had a decrease in ulcer size over a mean of 15 days,
However, there was no difference in the number of ulcers
showing a size reduction of at least 50%. The cost was esti-
mated at an additional $80 per day (27).

Table 5. Comparison Among Pressure-Reducing Devices in the Treatment of Pressure Ulcers

Population Intervention

Results Risk Reduction (95% C1)

Prospective, controlled trial in acute  AF bed vs standard matiress
care {133}

Prospective, randomized trial in acute  AF bed vs alternating-air matiress
care (27)

Prospective, randomized controlled
trial in home care {134)

AF bed vs variety of altemates

Change in surface aren,
Improvement an AF bed

Ba% improved on AF bed vs 69% on alternates

Healing better on AF bed
OR 5.6 1.4-21.7)

No difference in sate of healing

Prospective, randomized trial in acute  LAL bed vs Geomau mattress No difference in healing
care (135)

FProspective, randomized trial in acate AP mattress vs convoluied foam  More improvement on AP mattress No statistical anatysis
care (136)

Prospective, randomized trial in acute LA bed vs replacement mattress  80% improved on LAL vs 70% improved on matress  No difference between Broups
care (137

Prospeclive, randomized controlted LAL bed vs LAL overlay Median change in surface area No difference between groups
trizl in acute care (138)

Prospective, randomized controlled AP vs AP Complete heating No difference between groups
trial in actite care (139)

Prospective, randomized trial in AF bed vs dry flotation 33% breakdown on AF bed vs 1 7% on flotation No difference berween groups

myocutaneous flap surgery (140)
Prospective, randomized tial in long-
term care (141)

LAL bed vs Geomatt foam overlay Reduction in size by 190% in LAL vs 64% on ovedlay I.AL better (p = .04)

Norte: C1 = vonfidence interval: AF = aic-fluidized: OR = odds ratio; LAL = low-air-loss; AP = alternating-pressore.
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In 95 nursing home patients with severe pressure ulcers
treated on air-fluidized beds, 14% of pressure ulcers healed
in a mean of 79 days. Forty-four percent of patients had
greater than 50% reduction in surface area of the index ul-
cer. Very few patients had a reduction in ulcer surface area
after 1 month of treatment on the specialized bed. The me-
dian length of time to healing was 119 days, and the median
length of time to improvement was 127 days. The additional
cost for the bed was $50 to $100 per day (28). In another
trial in nursing home patients, a low-air-loss bed produced
substantial improvement in ulcer size (9.0 vs 2.5 mm? per
day) compared with a 10-cm convoluted foam mattress
(29).

When various devices, such as low-air-loss beds or over-
lay support surfaces, are compared among themselves, little
difference between devices is seen (Table 5). Overall, the
data suggest than pressure-reducing devices have an impact
on healing of pressure uicers. The choice among devices is
not clear, and the use of these devices is very expensive.

Nutrition in the Treatment of Pressure Ulcers

One of the most important potentially reversible host fac-
tors contributing to wound healing is nutritional status. Sev-
eral studies suggest that dietary intake, especially of protein,
is important in healing pressure ulcers (Table 6). Greater
healing of pressure ulcers has been reported with a higher
protein intake irrespective of positive nitrogen balance (3Q).
Breslow (31) evaluated 48 patients with Stage Il through
Stage IV pressure vicers in a dietary intervention trial. Un-
demnutrition was defined as a serum albumin below 35 g/l or
body weight more than 10% below the midpoint of the age-
specific weight range. The results suggested that patients
fed a 24% protein diet healed their pressure ulcers at a
greater rate than those fed a standard 14% protein diet.
However, changes in body weight or in biochemical garam-
eters of nutritional status did not occur between groups. The
study was limited by a small sample size (only 28 patients
completed the study), nonrandom assignment 10 treatment
groups, confounding effects of air-fluidized beds, and the
use of two different feeding routes (31).

Chernoff and colleagues randomized 12 enterally fed pa-
tients to formulas containing [7% versus 25% of calories as
protein (30). The group that received 1.8 g/kg of protein had
a 73% improvement in pressure ulcer surface area com-
pared with a 42% improvement in pressure ulcer surface
area in the group receiving 1.2 gfkg of protein, despite the
fact that the group that received the higher protein level be-
gan the study with larger surface area pressure uleers (22.6
cm? vs .1 em?).

THOMAS

An optimum dietary protein intake in patients with pres-
sure ulcers is unknown but may be much higher than current
adult recommendations of 0.8 g/kg/d. Half of the chroni-
cally ill elderly persons are unable to maintain nitrogen bal-
ance at this level (32). Increasing protein intake beyond 1.5
g’kg/d may not increase protein synthesis and may cause
dehydration (33). A reasonable protein requirement is there-
fore between 1.2 and 1.5 g/kg/d.

The deficiency of several vitamins has significant effects
on wound healing. However, supplementation of vitamins
to accelerate wound healing is controversial. High doses of
Vitamin C have not been shown to accelerate wound heal-
ing (34). In a 12-week study of 88 patients who received ei-
ther 10 mg or 500 mg of ascorbic acid twice daily, the heal-
ing rates and the healing velocity of their pressure ulcers
was not different in the higher-dosed group (35). Ziac sup-
plementation has not been shown to accelerate healing ex-
cept in zinc deficient patients (36). High serum zinc levels
interfere with healing, and supplementation above 150 mg/d
may interfere with copper metabolism (22).

Despite evidence that higher protein intake seems to be
important in healing pressure ulcers, the use of enteral feed-
ing has been disappointing. In a study of enteral tube feed-
ings in long-term care, 49 patients were followed for 3
months (37}. Patients received 1.6 times basal energy ex-
penditure daily, 1.4 g of protein per kilogram per day, and
85% or more of their total recommended daily allowance.
At the end of 3 months, there was no difference in the num-
ber or healing of pressure ulcers. In a study of survival
among residents in long-term care with severe cognitive im-
paitment, 135 residents were followed for 24 months (38).
The reasons for the placement of a feeding tube included the
presence of a pressure ulcer. Having a feeding tube was not
associated with increased survival; in fact, the risk was
slightly increased (odds ratio 1.09). The authors conclede
that the effectiveness of enteral feeding in pressure ulcers is
nat established.

Topical Dressings and Local Wound Care

Local wound treatment is directed to providing an opti-
mum wound eavironment and improving host factors. The
most commonly used dressing for pressure ulcers at hospital
discharge in the United States is dry gauze (39). The use of
dry gauze persists despite clear data suggesting that it re-
sults in delayed healing (Table 7). Compared with wet-
to-dry gauze dressings, moist dressings are clearly supe-
rior. Moist wound healing allows experimentally induced
wounds to resurface up to 40% faster than air-exposed
wounds (40-42).

Table 6. Nutritional Interventions in the Treatment of Pressure Ulcers

First Author Setting I[ntervention Qurcome

Brestow (31) Long-iemm care 24% piotein vs 14% prowein enteral feeding Greater healing with higher prowin
Chemoff (30) Tong-ierm care 25% protein vs 17% protein enteral feeding Greater healing with higher protein
ter Rist {35) Long-term care Vitamin.C 50 mg vs 1000 nig No difference in healing

Norris {142) Long-term care Zinc sylfate 200 mg TID Mo difference in healing

Heuderson (37) [nhg—[crm care Enteral fecding Nodifference in-prevalence ut 3 mo
Mitchell (38) Lfg-lerm care Enieral feeding No difference inprevalence after 2 y

e
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Table 7. Moist Dressings Compared With Wet-10-Dry Saline
Drressings in the Treatment of Pressure Ulcers

Treatment Measure Results OR, (95% CI)

Film dressing vs wet-to-dry
satine guuze (47)

lodoserh vs wet-to-dry satine
pauze (143)

Hydrocolloid vs wet-to-dry
Dakin’s solution (45)

Complete healing 42.65(2.23-815.%)

Complete healing 5.94 (0.88-40.1

Compiete healing 2.46(1.18-5.12)

Note: O = odds ratio: Cl = confidence interval,

Occlusive dressings have been developed to produce a
moist wound environment. The term “occlusive” describes
the lessened ability of a dressing to transmit moisture vapor
from a wound to the external atmosphere. The degree to
which dressings dry the wound can be measured by the
moisture vapor transmission rate (MVTR). A MVTR of less
than 35 g of waler vapor per square meter per hour is re-
quired to maintain a moist wound environment. Woven
gauze has an MVTR of 68 g/m¥/h, and impregnated gauze
has an MVTR of 57 g/m%h. In comparison, hydrocolloid
dressings have an MVTR of 8 g/m¥h (43). Any therapy that
dehydrates the wound, such as dry gauze, heat lamps, air ex-
posure, or liquid antacids, is detrimental to the healing of
chronic wounds (44-47),

Occlusive dressings can be divided into broad categories
of polymer films, polymer foams, hydrogels, hydrocelloids,
alginates, and biomembranes. Each has several advantages
and disadvantages. Understanding these differences is the
key to planning for wound management in a particular pa-
tient. Comparative qualities among available agents are
shown in Table 8 (48,49). Most of the occlusive dressings
offer pain relief. Only absorbing granules or polymers fail
to reduce pain. Polymer films are impermeable to liquid but
permeable to both gas and moisture vapor. Because of low
permeability to waler vapor, these dressings are not dehy-
drating to the wound. Nonpermeable polymers, such as
polyvinylene and polyethylene, can be macerating to nor-
mal skin. Polymer films are not absorptive and may leak,
particularly when the wound is highly exudative. Most films
have an adhesive backing that may remove epithelial cetls
when the dressing is changed. Polymer films do not elimi-
nate dead space and do not absorb exudates.

Hydrogels are hydrophillic polymers that are insoluble in
water but absorb aqueous solutions. They are poor bacterial

M333

barriers and are nonadherent to the wound. Because of their
high specific heat, these dressings are cooling 10 the skin,
aiding in pain control and reducing inflammation, Most of
these dressings require a secondary dressing to secure them
to the wound.

Hydrocolloid dressings are complex dressings that are
impermeable to moisture vapor and gases and are highly ad-
herent to the skin. Their adhesiveness to surrounding skin is
higher than some surgical tapes, but they are nonadherent to
wound tissue and do not damage epithelial tissue in the
wound. The adhesive barrier is frequently overcome in
highly exudative wounds. Hydrocolloid dressings are not
recommended over tendons or on wounds with eschar for-
mation. Several of these dressings include a foam padding
layer that may reduce pressure to the wound,

Alginates are complex polysaccharide dressings that are
highly absorbent. This high absorbency is particularly
suited to exudative wounds. Alginates are nonadherent to
the wound, but if the wound is allowed to dry, damage 1o
the epithelial tissue may occur with removal.

Only the hydrocolloid and biomembranes offer bacterial
resistance. The agents differ in the ease of application, This
difference is important in pressure ulcers in unusual loca-
tions or when considering for home care. Dressings should
be left in place until wound fluid is leaking from the sides, a
period of days to 3 weeks.

Saline-soaked gauze that is not allowed to dry is an effec-
tive wound dressing. When moist saline gauze has been
compared with occlusive-type dressings, the healing of
pressure ulcers has been similar with both dressings (50—
52). There is little observed difference when various dress-
ings have been compared with moist saline gauze (Tahle 9).
The advantage of occlusive-type dressings has been demon-
strated in their cost effectiveness compared with traditional
moist gauze dressings. Although the individual dressings
are more expensive, cost savings occurs primarily due to a
decrease in nursing time for dressing changes (52).

A slight advantage for hydocolloid dressings corapared
with hydrogels has been shown in several clinical trials (Ta-
ble 10). There appears to be little difference demonstrated in
clinical trials of foam or polyurethane dressings compared
with hydrocolloid dressings, Absorption dressings are more
effective than a collagen sponge or povidone-iodine, and
calcium alginate has been shown superior to absorption
paste (Table 10). The optimum dressing depends on the
clinical circumstances of the wound.

Table 8. Compurison of Occlusive Wound Dressings

Characteristic Moist Sakinc Gatize  Polymer Films  Palymer Foams Hydrogels  Hydrocolloids  Alginates, Grunules  Biomembranes
Pain relief + + + + + + +
Maceration of surrounding skin * * - - - — _
0, permeable + + + + - + +
H,0 permeable + + + + - + +
Abserbent + - I 4 + + -
Damage to epithelial cells * + - - — - _
Transparent - + - - - - -
Resistant to bacteria - - - - " +
Ease of appiication -+ - + + + _

Sources; Adapted from Helfman and colleagues (49) and Witkowski and Parish (50}.
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Table 9. Occlusive Dressing Compared With Moist Salige Dressing in the Treatment of Pressure Ulcers

Treatment

Méasure_

Results OR (953% CI)

Hydrocolloid (Comfeel) vs moist saline (50)
Hydrocotloid (Duoderm) vs moist seline (51)
Hydrocolloid vs moist suline {53

Hydrocelloid vs moist saline (144)
Tydrocolloid (Dunderm) vs moist saline 435
Hydrocolloid vs moist saline (146)
Folyurethane (Opsite) vs moist saline {147)
Foum dressing (Epi-Lock) vs moist saline (148)
Hydrogel (Carrasyn) vs moist saline (149)
Hydrogel vs moist saline {150

Complete healing
Complete healing
Complete healing
Complete healing

Complete healing
% reduction in ares
Complete healing
Complet: healing
Relative volume

34%: decrease in surlfacs ares vs 0% incTease n control

409 (1.18-14.14)

14.27 (1.76-15.56}

2.03 (0.52-7.52)

1.39 {0.55-3.49)

p=.23

BE% of HCD vy 78% of saline group (p > .05)
22.3(-27.43-72.09)

2.62(0.58-11.89)

0.93 (5,28-3.09)

64% vs 26% af inirial size

Nore: OR = odds rativ; CI = confidence interval.

Certain antiseptic agents are cytotoxic to human fibro-
blasts, including povidone iodine, chiorhexidine gluconate,
hexachlorphene, benzatkonium chloride, and trypsin/bal-
sam peru/castor oil (53-56). in animal models, povidone-
todine 1%, acetic acid 3%, and sodium hypochlorite 0.5%
adversely affected wound heating (57). In human pressure
ulcers, Dakin's solution 0.05% was clearly inferior to a hy-
drocolloid dressing (45) (Table 7). Other types of local
wound treatments can interfere with healing (Table 11).
Scveral types of topical wound treatments can promote
more rapid epidermal resurfacing. The resuits of controlled
trials for several agents are shown in Table 12 (58). The
range of acceleration in healing varies from 18% to 36%.
Note that most of these agents, or their vehicles, are occlu-
sive. Whether the benefit is independent of the occlusive ve-
hicle is not known,

Debridement

Necrotic debris increases the possibility of bacterial in-
fection and delays wound healing (59). The preferred
method of debriding the pressure ulcers remains contro-
versial. Options include mechanical debridement with dry
gauze dressings, autolytic debridement with occlusive dress-
ings, application of exogenous enzymes, or sharp surgical
debridement. Sharp surgical debridement produces the most
rapid removal of necrotic debris and is indicated in the pres-
ence of infection. Mechanical debridement can be easily ac-
complished by letting the saline gauze dressing dry before
removal. Remoistening of gauze dressings in an attemnpt to

reduce pain can defeat the debridement effect. Both surgical
and mechanical debridement can damage healthy tissue or
fail to completely clean the wound. Debridement with a dry
gauze should be stopped as soon as a clean wound bed is
obtained because dry dressings have been associated with
delayed healing,

Thin portions of eschar can be removed by occlusion un-
der a semipermeabie dressing. Both autolytic and enzymatic
debridement requires periods of several days to several
weeks to achieve results, Enzymatic debridement can dis-
solve necrotic debris, but whether it harms healthy tissue is
debated. Penetration of enzymatic agents is limited in es-
char and requires either softening by autolysis or cross-
hatching by sharp incision prior to application.

Three enzyme preparations are currently marketed in the
United States for debridement: collagenase, papain/urea,
and a papain/urea-chiorophyll combination. Collagenase re-
duced necrosis, pus, and odor compared with inactivated
conirol ointment (60) and produced debridement in 82% of
pressure ulcers at 4 weeks compared with petrolatum (61).
Papain produced measurable debridement in 4 days com-
pared with the control vehicle ointment (62). A thal in 21
patients with pressure ulcers found a greater reduction in
necrotic tissue using papainfurea (95.4%) compared with
collagenase (35.8%) at 4 weeks, but the rate of complete
healing was not different between groups (63). The issue of
when to debride, and by what method, remains controver-
sial. Whether debridement improves the rate of healing re-
mains undefined,

Table 10. Comparisons Between Occlusive Dressings in the Treatment of Pressure Ulcers

Dressing

Meusure Results (95% CI)

Hydrogel (Biofilm) vs hydrocolioid (Duoderm) (151)
Hydrogel (Clearsite) vs hydrocolloid (Duoderm) (132)
Hydragel vs hydrocolloid (153)

HidrocoHoid (Duoderm) vs foam (Ticlle) (154)
Hydrocolloid (Duoderm) vs foam (Allevyn) (155)
Polyurethane (Allevyn) vs hydrocolioid (Duoderm) (156)
Polyurethane (Tielle} vs hydrocalloid (Ducderm) (1573
Poly-hema vs hydrocolleid (Puoderm) (158)

Arnino acid copolymer (Inerpan) vs hydrocolloid {Comteel) (159)
Calcium alginate vs. dexteanomer paste (160)
Diextranoter puste-vs collagen sponge (46)

Absorption dressirig vs pavidone-iodine (161)

Complete healing
Mean reduction per weéek

0.40 (0.13-1.19)
—4.7 (—20.95-11.5)
No difference in healing rate

Complete healing
Complete healing
Complete healing

1.90 (0.77-4.67)
LO%(0.31-3.77})
0.25 (0.06-1.14)

Complete healing 1.32 {0.54-3.21)
Coinplete healing 1.20{0.34-4.14)
Complete healing 0.56 (0,.23-1.08)
>75% healing 1,05 (1.06-8.76)
Mean time & healing (d) Wwvs47d

% reduction in length 8.6 (—10.98-28.18)
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Table i1. Agents That Delay Epidermal Resurfacing

Drgssing Relative Rate of Healing (%)
Neomycin sulfare -5
Dakin's solution {1%) -6
Hibiclens -7
Hydragen peroxide (1%) -8
Povidone iodine solution ~0
Wet to dry guuze =15
Liguid detergent -28
Furacin =30
Triamcinalone acetonide (0.5 %) —34

Source; Alvarez (58). Used with permission.

Growth Factors

Acute wound healing proceeds in a carefully regulated
fashion that is reproducible from wound to wound. A num-
ber of growth factors have been demonstrated to mediate the
healing process. The factors described include transforming
growth factor alpha and beta, epidermal growth factor, plate-
let-derived growth factor, fibroblast growth factor, interleu-
kin I and 2, and tumor necrosis factor alpha. Accelerating
healing in chronic wounds by using these growth factors is
attractive. The development of wound healing factors is still
in infancy but shows great promise. Several of these factors
have been favorable in animal models; however, they have
not been as successful in hurman trials (Table 13).

In pressure ulcers, recombinant platelet-derived growth
factors (thPDGF-BB) failed to improve the rate of complete
healing (64), although a 15% difference in the percentage of
initial volume of ulcers has been shown with PDGE-BB in
another study (65). Another report showed that more sub-
Jects had >70% wound closure with basic fibroblast growth
factor 100 pg/mi (p = .05) (66).

The magnitude of the difference in those trials that have
shown an effect is small, considering the high cost of
growth factor therapy.

Diagnosing Infection

Colonization of pressure ulcers with bacteria is common
and unavoidable. All chronic wounds become colonized,
initially with skin organisms followed in 48 hours by gram-
negative bacteria. In worsening pressure ulcers, Pseudomo-
nas aeurginosa and Providencia species were found in 88%
and 34% of ulcers, respectively, compared with 0% of sta-

Table 12, Agents That Promote Epidenmal Resurfacing

Dressing Redative Rate of Healing (%)
DuoDerm +36
Blisterfilm +33
Benzoyl peroxide (20%}) +13
Bacitracin zine +30
Silvadene +28
Neosporin +28
Folysporin +25
1&7 Rrst aid cream +20
Bioclusive +20
Op-Site +18 .

Source: Alvarez (58). Used with permission.
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tionary wounds and 7% of rapidly healing ulcers. Pepro-
cocct, Bacteroides species, or Clostridia were found in over
half of worsening or stationary ulcers but were absent in
healing pressure ulcers, Staphylococci and enterococci were
frequently isolated from rapidly healing ulcers (67,68). On
the basis of these findings, P. aeurginosa snd Providencia
species should not be regarded as simple colonization. Al-
though normal skin flora in numbers >10° organisms/mi
produce local disease in intact skin (69) and skin grafts and
flaps show poor healing when > 105 organisms of certain
species of bacteria are present (70}, chronic wounds do not
appear to follow these rules. Greater than 105 organisms
may persist for months or years in chronic wounds without
apparent clinical effect,

Quantitative microbiclogy alone is a poor predictor of
clinical infection in chrontic wounds (71). The presence of
mictoorganisms alone (colenization) does not indicate an
infection in pressure ulcers. The diagnosis of infection in
chronic wounds must be made on the basis of clinical
signs—erythema, edema, odor, fever, or purulent exudate.
A foul odor is a particularly important clinical sign, usually
signifying anuaerobic organisms (72). However, wounds
with a reported foul odor are not always infected. When
there is evidence of clinical infection, topical or systemic
antimicrobial or antibiotics are required. Reduction of col-
ony-forming units (CFUs) has been used as the end point in
evaluating antimicrobial efficacy in acute wounds. Several
antimicrobial or antibiotic agents reduce CFUs without
damaging the wound, including silver sulfadiazine [%
cream, combination antibiotic ointments, and propylene
glycol (73). Topical gentamicin and silver sulfadiazine have
been shown to improve the clinical appearance of infected
wounds and may improve healing (74,75). Todine and
thimerosal have been noted to increase pain and delay heal-
ing (76). Infections with anaerobes may respond to topical
metronidazole (77). Systemic antibiotics are indicated when
the clinical condition suggests spread of the infection to
bone or to the blood stream.

The incidence of bacteremia from pressure ulcers is about
1.7 per 10,000 hospital discharges (78). However, sepsis is
a serious complication of pressure ulcers and is a frequent
cause of death. In a small study of 21 patients with sepsis
syndrome attributed to pressure ulcers, 76% had bacteremia
that originated from the pressure ulcer. Overall, mortality
was 48%, and all patients over age 60 died despite empiric
antibiotic treatment. In five patients, bacteremia persisted
despite antibiotic treatment and resolved only after local de-
bridement (79). The bacteremia occurring with pressure ul-
cers is likely to be polymicrobial (78).

Osteomyelitis is a frequent complication of pressure ul-
cers and diabetic ulcers, reported in 38% of patients who
have infected pressure ulcers (80) and in 59 of 96 (61%) of
foot infections in diabetic patients (81). Diagnosis of contig-
uous osteomyelitis in pressure ulcers is difficult. Plain ra-
diographs are unable to differentiate true osteomyelitis from
pressure changes to bone (82). Radionuclide studies, includ-
ing technetium-99m and gallium-67, are sensitive but have
a false-positive rate of 41% (80). Computed tomography
may be more useful, with a specificity of 90%, although the
sensitivity is only 10% (83). A needle biopsy of bone is the
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Table !3. Growth Factor Trials in the Treatment of Pressure Ulcers

Growth Factor n Measure Hcaling Rate Active i-lca.ling Rale Placeboe
thPDGF-8 (162) 124 in four groups Compiete closure 23% 0%

rhPDGF-B (163) 41 in three groups Time-10-30%; clasure or ulcer volume Nao difference No difference
thEGF (66) 50in eight groups >70% closure Greater closure

£1E, 1-B (164) 26 in four groups Complete closure No difference No difference
thGM-CSF and (bFGF (1659 6l in four groups >85% closure No difference No difference

Nete: thPDGF-8 = recombinant human plmciet—derivcd growth factor-B: thEG
teeleukin-1-B: chGM-CSF = granuloeyte-macrophage colony-stimulating factor.

mast useful single test, with a sensitivity of 73% and a spec-
ificity of 96% (84).

Despite an increase in the numbers of bacteria, occlusive
dressings used to treat chronic wounds very rarely cause a
clinical infection, Hutchinson and McGuckin (85) reviewed
36 studies comparing infection rates under occlusive dress-
ings to gauze or impregnated gauze. Infection rates were
2.6% for occlusive dressings and 7.1% for nonocclusive
gauze.

Surgical Repair

The efficacy of surgical repair of pressure ulcers is high
in the short term. The efficacy for long-term management
has been questioned, even in younger patients (86). In a se-
ries of 40 patients selected for surgical closure of pressure
ulcers, patients were divided into three subgroups. In non-
traumatic, nonparaplegic elderly patients with a mean age of
73 years, 84% of the surgically treated pressure ulcers were
healed at discharge. Twelve percent of the surgically treated
patients had another pressure ulcer at discharge, Within 8
months, 40% of the surgically treated pressure ulcers re-
curred, and 69% of the patients had a pressure ulcer at a dif-
ferent site. In patients with traumatic paraplegia, 74% of op-
erated pressure ulcers were healed at discharge, and 76% of
patienls were free of pressure ulcers. Within 11 months,
79% of operated ulcers recurred, and 79% of patients had
additional pressure ulcers, Only 21% of traumatic paraple-
gics and 31% of nontraumatic, nonparaplegic elderly pa-
tients remained healed after muscle-flap coverage for pres-
sure uleers (87). After 10 years of follow-up in sixteen
surgically treated patients, only one patient remained alive
and free of pressure ulcers (88).

A decision analysis demonstrated that myocutaneous flap
procedures for Stage Il pressure ulcers were favorable un-
less the success rate for surgery was less than 30% or the
healing rate with medical therapy was less than 40%. The
added cost for the procedure was estimated at $17,000 per
treatment episode compared with medical therapy (89).

GENERAL IssuEs

Rate of Healing

Pressure ulcers, like other chronic wounds, fail to pro-
ceed through an orderly and timely process to produce ana-
tomical or functional integrity (90). Nermally, fibroblasts
and epithelial cells grow rapidly in skin tissue cultures, cov-
ering 80% of in vitro surfaces within the first 3 days. In con-
trast, biopsy specimens from pressure ulcers usually do not
grow until much later, covering only 70% of surfaces by 14

= recombinant basic fibroblast growth factor: rIL 1-B = recombinant human in-

days (91). The result is slow healing. About 75% of Stage 11
pressure ulcers healed in 8 weeks, but only 17% of Stage
IV pressure ulcers healed in that time (28). Twenty-three
percent of Stage I pressure ulcers remain unhealed at 1
year, and 48% of Stage [V pressure ulcers are unhealed at 1
year. At 2 years, 8% of Stage I pressure ulcers, 29% of
Stage III pressure ulcers, and 38% of Stage IV pressure ul-
cers remained unhealed (92). The considerable length of
time to healing increases the morbidity and cost of treating
pressure ulcers and is often frustrating to the patient and
caregivers.

Quality of Care Issues

In long-term care settings, pressure ulcers are used as a
quality indicator for caregiving. The occurrence of pressure
ulcers, when viewed as a failure of the healthcare system,
prevents the comprehensive and constructive attention this
topic deserves (93). Whether the factors producing pressure
ulcers can be improved by increased vigilance or whether a
“Hoor effect” prevents reduction in the incidence to zero is
debated (94).

Pressure Ulcers and Mortality

Pressure ulcers have been associated with increased mor-
tality rates in both acute and long-term care settings. Death
has been reporied 1o occur during acute hospitatization in
67% of patients who develop a pressure ulcer compared
with 15% of at-risk patients without pressure uicers (95).
Patients who develop a new pressure ulcer within 6 weeks
after hospitalization are three times as likely to die as pa-
tients not developing a pressure ulcer (96). In long-term
care settings, development of a pressure ulcer within 3
months among newly admitted patients was associated with
a 92% mortality rate, compared with a mortality rate of 4%
among residents who did not subsequently develop a pres-
sure ulcer (97). Residents in a skilled nursing facility who
had pressure ulcers experienced a 6-month mortality rate of
71.3%, whereas patients without pressure ulcers had a mor-
tality rate of 18.3% (98). Patients whose pressure ulcers
healed within 6 months had a significantly lower mortality
rate (119% vs 64%]) than patients whose pressure ulcers did
not heal (99),

Despite this association with death rates, it is not clear
how pressure ulcers contribute to increased mortality. Al-
though authors have reported a threefold increase in mortal-
ity with the development of a new pressure ulcer, the sever-
ity of the pressure ulcer has not comelated with an increased
risk. Patients with Stage Il pressure ulcers have been
equally as likely to die as patients with Stage I'V pressure ul-
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cers (99). This suggests that pressure uicers may not directly
cause death, but the association with mortality may be due
to their occurrence in otherwise frail, sick patients, Evi-
dence for this is suggested in a prospective study of resi-
dents of 51 nursing homes, where pressure ulcers were asso-
ciated with an increased rate of mortality but not with the
rate of acute hospitalization (96).

A correction for the presence and severity of coexistent
conditions can eliminate the association of pressure ulcers
with death. In a prospective study of high-risk patients in an
acutc hospital setting, the development of a new pressure ul-
cer predicted death within 1 year. Independent risk factors
for mortality in this study included weight loss reported in
the & months before admission (relative risk [RR] 2.4), the
admitting physician’s estimate of life expectancy of less
than 5 years (RR 2.1), and the Co-morbidity Damage Index
score (RR 1.1). When adjusted for measures of disease se-
verity, comorbidity, and a history of weight loss, the devel-
opment of a pressure ulcer was no longer a predictor of
mortality at | year (100).

SUMMARY

The accumulating data for the prevention and manage-
ment of pressure ulcers permits an outline of clinical strate-
gies. Risk assessment remains problematic because of its in-
frequent use in healthcare settings and an apparent floor
effect in preventing all pressure ulcers. Pressure-reducing
devices are superior to a standard hospital mattress in pre-
venting pressure ulcers. Pressure-reducing devices are ef-
fective in improving the healing rate of pressure ulcers.
However, it is difficult to distinguish among various de-
vices.

Laocal wound treatment should aim at maintaining a moist
wound environment. Options include moist saline dressings
or any number of occlusive dressings. The choice of a par-
ticular dressing depends of wound characteristics such as
exudate, deadspace, or wound location.

The impact of natrition on the prevention of pressure ul-
cets remains controversial. Dietary protein intake seems
linked to improved rates of healing, but the results of enteral
feeding to achieve this result are disappointing. Debride-
ment by any of several methods may improve time to a
clean wound bed, but the effect of debridement on time to
healing remains to be demonstrated. The use of topical
growth factors in improving healing rates is in its infancy
but has not been remarkably effective thus far. Surgical clo-
sure in elderly persons has been associated with a high re-
currence rate.
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