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Objective.—To assess the effectiveness of low-air-loss beds for the treatment
of pressure ulcers in nursing homes.

Design.—Prospective, randomized, clinical trial.

Setting.—Three teaching nursing homes in Los Angeles, Calif.

Subjects.—Eighty-four nursing home residents with trunk or trochanter pressure
ulcers (Shea stage =2).

Interventions.—Subjects were randomly assigned to use either a low-air-loss
bed (n=43) or a 10-cm corrugated foam mattress (n=41) throughout the healing of
their ulcers.

Outcome Measures.—Ulcers were assessed twice weekly using surface area
and two observational scales (median follow-up, 37.5 days; range, 4 to 571 days).

Results.—Groups were similar with respect to demographics, medical variables,
wound care, and early dropouts. Results indicate more than a threefold improve-
ment in median rate of healing for low-air-loss beds compared with foam mat-
tresses (9.0 vs 2.5 mm?/d; P=.0002). This finding was true for deep as well as su-
perficial ulcers (deep ulcers, 9.9 vs 0.7 mm?/d; P=.02; superficial ulcers, 9.0 vs 3.2
mm?/d; P=.004). Cox regression models revealed that the bed, ulcer depth, and
fecal continence had independent effects on healing. After controlling for fecal con-
tinence, the deep and superficial subgroups using low-air-loss beds remained 2.5
times more likely to heal in a given length of time compared with those using foam
mattresses (combined cure probability ratio, 2.66; 95% confidence interval, 1.34 to
5.17; P<.004).

Conclusion.—Low-air-loss beds provide substantial improvement compared

with foam mattresses despite other factors in pressure ulcer healing.

PRESSURE ulcers are a common prob-
lem among nursing home residents, and
often result in substantial morbidity and
health service expenditure.'* These le-
sions profoundly reduce quality of life
for patients and are often associated with
serious infections, pain, and death.* The
prevalence of pressure ulcers m nursing
homes has been estimated to range from
2% to 25%, and the 1-year incidence has
been reported to be 13%.* The costs of
prevention and treatment of these le-
sions has been estimated to be as high as
$4000 to $40 000 per ulcer.™ Even though
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third-party reimbursement for pressure
ulcer therapy is available to some facil-
ities, the costs of treatment remain high-
ly prohibitive for most nursing homes.!*

A number of investigators have de-
seribed the treatment of pressure ul-
cers in nursing homes where resources
are scant and healing is often pro-
tracted.*™ Here, pressure uleers oceur
in the most frail patients with multiple
coexisting problems including malnutri-
tion, incontinence, vascular disease, and
dementia.™*’ It is in this setting that
new technology may provide substan-
tial improvements in pressure ulcer care.
The Agency for Health Care Policy and
Research has organized an expert panel
to address these issues and to develop
clinical guidelines.'

An important issue for the treatment
of pressure ulcers is the relief of pres-
sure. A variety of mattresses have been
used for this purpose, including various
foam pads, air mattresses, and water

beds. Acceptance has grown for the use
of pressure-reducing devices such as
air-fluidized beds and low-air-loss heds,
These high-tech beds have been shown
to dramatically reduce skin-surfiice
pressure to levels that are less thay - -
illary-filling pressures, even under o gy
prominences.'! The average cost for o
viding a low-air-loss bed is approxiniuie-
ly $65 per day, doubling the cost of nurs-
ing home care for these patients in our
facilities (total Medicaid |MediCal| rve-
imbursement in our facilities is only 367
per day). Clinical trials of these devices
have been infrequernt.**'* To our knowl-
edge, only one prospective randomized
clinical trial reported effectiveness datu
in the English literature using ajr-flu-
idized therapy for pressure uleers in a
hospital setting with a relatively <hort
treatment period (median, 13 days)"”
Therefore, we conducted a prospect ive,
randomized trial in nursing hono - o
aszess the effectiveness of low-ui +
bed therapy for pressure uleer . 0
in this setting.

METHODS
Design

The study was a randomized con-
trolled elinical trial designed to compure
the rate of healing of pressure uleers
resulting from the use of a low-uir-loss
bed compared with the use of a conven-
tional foam mattress.

Population and Setting

The study population included resi-
dents of three teaching nursing hifnes
affiliated with the UCLA School of Ml
icine, Los Angeles, Calif. These [ |
ties included the Jewish Home fuo
Aging of Greater Los Angeles anid 1
extended-care units of Sepulveda (-
lif) and West Los Angeles Veterans Al-
fairs Medical Centers. Residents of these
facilities are typically old (aged =75
years), are of lower socioeconomic and
educational backgrounds, are tuking
multiple medications, und have multiple
medieal problems, The study protocol
was approved by the UCLA Health Sei-
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ences Center Committee for the Pro-
rection of Human Subjects, as well as
cach facility's  formal human-studies
cammittee,

sample and Selection

An estimated sample size of 60 sub-
jects ineach group was calenlated based
on pilet data assuming an « of .05 and a
power of 80 to detect a 20% difference
hetween bwo gronps with respect Lo rate
of decrease in surfiace area (square mil-
Hncters per day ) of pressure uleers, In-

teoranalysis was conducted to test the
ooty of these assumptions, The study
wo terminated early, finding a much
o or difference between the two

gronps than was originally anticipated.

The sample of residents with pres-
sure nleers was recruited between No-
vember 1987 and Mareh 1991, Inclusion
criteria included the following: (1) pres-
ciiee of a pressure uleer on the trunk,
huttoeks, or trochanters: (2) informed
conzent from the patient or patient's
proxy for health care decisions; and
i approval of the primary care physi-
ciann, Uleers were defined by the pres-
envce of abrasion, bulla, skin necrosis, or
uloer formation as a result of pressure

oo hony prominence (stage 2 or
g er by the Shea scale'™). Among po-
ti | subjects with more than one ul-
¢ he lureest uleer was chosen as the
it uleer, Exelusionary eriteria inelud-

el the following: (1) expected survival
less than 1 month; (2) previous partie-
ipation in the study; or (3) previous or
planned surgical excision of the pres-
sure uleer.
Assignment

At each facility, groups of 10 subjects
woere separately randomized, five to each
treatment. Assignments were sealed in
individual envelopes and opened sequen-

tially on establishment of subject
eritoria,
Triiments

Cexperimental subjects were as-
Sice o to a low-air-loss hed (Kinair bed,
kv odie Coneepts International, San An-
timin, Tex). Available elinically for more
than 10 years, this bed consists of mul-
tiple inflatable fabric pillows attached
Lo i modified hospital bed frame. An
clectrieal blower (fan) maintains com-
fortable buoyaney of the pillows as the
hiatedd air escapes from the fabric air
#acks, The design hag the advantage of
allowing subjeets to assnme a variety of
clovited foot, knee, and head positions
il are similar to a regular hospital
fisl essure-reducing characteristics
of bed have been shown to re-
B Linesurface pressures to near or
e} apillary-filling  pressure, even
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under bony prominences.”! Previous
studies have demonstrated that the de-
vice is relatively light, portable, and easy
to maintain, while safe and reliable for
the treatment of patients with a variety
of medical problems.""'" The control sub-
Jjects were assigned to conventional pres-
sure reduction, which in our facilities
consists of a 10-em convoluted foam
mattress overlying a regular hospital
matlress,

The remainder of the treatment pro-
tocol was similar between groups and
consistent with each facility's routine
poliey and procedure for pressure ulcer
management. This included mobilization
as much as posgible and turning patients
everyv 2 howrs while they were awake.
Each facility's policy directed nurses to
avoid head-of-bed elevations and to use
turning sheets to avoid dragging patients
on their beds. Attention was also di-
rected toward appropriate nutritional
support, infection control, and treatment
of underlying and intercurrent illness.
Suhjects were followed up until the in-
dex uleer was completely epithelialized
(healed), the subject required transfer
to another facility (usually for acute ill-
ness), or the subject died. If wounds
hecame worse or showed no healing over
2 weeks, the primary physicians were
notified and encouraged to use their best
Judgment to improve the treatment of
problem ulcers. When the assignment
of the bed was judged by the study
team and the primary care physician
to be contributing to decline or lack of
healing, subjects were switched to an
alternate type of bed. These subjects
became protocol deviators, whose out-
comes were censored at the time of
assigned-treatment termination.

Measurements

Healing was assessed twice weekly
by one of two research nurses. Wound
surface area was measured by tracing
the epithelial border of the uleer on plas-
tie film (similar to plastic food wrap).
The area from these tracings was mea-
sured with a paolar planimeter (model
1.20M, Los Angeles Scientific Instru-
ment Company, Calif). The precigion of
this instrument is within 1 mm® The
reliability of our methods was evaluated
prior to the study by comparing our two
nurses' assessments of 10 uleers of var-
ious size and severity. Surface-area mea-
surements indicated a test-retest reli-
ability Pearson's r of 991, Interrater
reliability indicated a Pearson’s v of 995,
Wounds were also assessed using the
four-point  Shea scale' (test-retest
weighted k=0.929; interrater weighted
k=0.830) and the Sessing scale (copy-
right by Daphne Sessing, RN, Los An-
geles, Calif). The Sessing scale is a de-
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seriptive seale similar to the Sheaseale™
which iz undergoing development for
the assessment of uleer healing. This
observational seale categorizes uleers by
seven verbal deseriptions of uleers in
various stages of healing. Unlike the
Shea scale, descriptions include color,
presence of granulation tissue, evidence
of infection, drainage, odor, and eschar
(content validity index, 1009 test-re-
test  weighted k=0.901; interrater
weighted k=0.800}.

Data Analysis

Demographic, health characteristics,
and treatment variables were compared
using Student’s ¢ tests for normally dis-
tributed continuous data, and x* or Wil-
coxon rank-sum tests were used to com-
pare categorical variables or variables
with nonnormal distributions, respec-
tively. Healing rates were adjusted for
follow-up using Kaplan-Meier life-table
methods, with further covariate adjust-
ment by Cox regression models.'™ Sig-
nificant differences were aceepted at the
P05 level.

RESULTS

As shown in Table 1, randomization
resulted in two subject groups with no
significant differences with respect to
demographic characteristics. There were
also no differences between the twao
groups in the initial size or severity of
their pressure ulcers. Although on av-
erage, the low-air-loss bed group had a
lower serum albumin level (P=.03), there
were no differences between the two
groups with respect to the other med-
ical characteristies,

A variety of additional wound treat-
ments were ordered hy attending phy-
sicians during the study period (median,
4.0 treatments). There were no signifi-
cant differences between the bwo groups
with respect to physician ordering of
local-wound-care strategies or system-
ic antibiotics (usually for reasons other

thin pressure ulcer treatment). Forex- *
ample, subjects using the low-air-loss’

bed were treated with saline-soaked
gauze dressings during 56% of the follow-
up days, compared with 51% for the
foam-mattress group. Likewise there
were no differences in exposures to in-
dividual or multiple treatment strale-
gies including topical enzymic agents,
bedside surgical débridement, semiper-
meable dressings, or irrigation with di-
lute antisepties (ie, povidone-iodine so-
lution, Dakin's solution, or hydrogen per-
oxide). Overall, any potential bias of our
results bused on a =xpecific type or num-
ber of local treatments appeared to be
“washed out” by the overall number of
subjects and heterogeneity of physicians’
orders for local wound-care strategies.
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Table 1.—Demographic and Medical Charactenstics
e e e

Low-Air-Loss Bed

Foam Mattress

Characteristic {n=43) (n=41) P

Age. y (25th, 75th percentiles) 85 (71. 92} B4 (88, 91) 84
Women, No. (%) 21 (49) 21 (51) 93
Superficial ulcers, No. (%)* 25 (58) 27 (66) 47
Deep ulcers, Mo, (%)t 18 (42) 14 {34} A7
Initial surface area, cm”, median i

(25th. 75th percentiles) 43126, 14.0) 4.110.97. 8.95) 3
Body mass index, kgim®, median

(25th, 75th percentiles) 19.4 (17.4 23.9) 20.7 (18.0, 24.4) 32
Albumin, g/L, median

{25th, 75th percentiles) 30,0 (25.0, 34.0) 33.0(28.0, 35.0) 03
Total protein, g/, median

(25th, 75th parcentiles) 62.0 (55.0, 68.0) 64.0 (56.0, 68.0) 72
Total lymphocyte count, > 10%L,

median (25th, 75th percentiles) 1,84 (1.27,2:23) 1.83 (1.12. 2.30) 56
Hematocnl, median

{25th, 751h percantiles) 0.35(0.30, 0.38) 035 (0.32, 0.39) 3
Catheter use, No. (%) 25 (58) 27 (66) 47
Fecal incontinence, Na, (%) 36 (84) 29 (71) 25
Dementia, No_ {%) 18 (42) 16 (40) 96
Contractures, Na. (%) 18 (42) 17 (43) 87
Diabetes, Mo. (%) 11 (26) a8 120) B3
No. of medical problems.

median (25th, 75th percantiles) 5(4.7) 514, 6) B4

*Stage 2 ulcers. "
tStages 3 and 4 ¢

Table 2 —Overall Results

Low-Air-Loss Bed

Foam Mattress

(n=43) {n=41) P
Decrease in size of ulcers, mm®d,
median (25th, 75th percentiles) 90(40 19.8) 2.5(0.5, 6.5) Q002
Superficial ulcers, mm?/d, medan
(25th, 75th percantiles)* 9.01{3.7, 131} 32103,6.7) 004
Deep ulcers, mmdid, median
(25th, 75th percentiesit 9.9(44 347) 0.7 (-2.5.11.5) o2
Follow-up days, median
(25th, 75th, percenliles) 33 {15, 60) 40 (21,5, 90.5) 56
Completely healed, No. (%) 26 (60) 19 (46) 19
Died, No. (%) 11 {26) 717 34
Transterred to another facility, No (%) 4(9) 4410 94
Discontinued at subject's request, No. (%) 2(5) 21(8) 96
Protocol dewators, No. (%) 0 9(22) oo
s === aaces - = S L. —— = —___ —__— — ______ _——
*n=25
tn=18

Table 2 illustrates the outcomes of
the study. Overall, ulcer surface area
for the low-uir-loss bed group decreased
more than three times faster than did
the ulcer surface area on subjects in the
foam-mattress group (9.0 va. 2.5 mmd,
respectively; P=.0002). Subgroups of
deep and superficial ulcers also demon-
strated a significant decrease in surface
area for the low-air-loss bed group com-
pared with the foam-mattress group
{deep ulcers, 9.9 vs 0.7 mm¥d: P=.02;
superficial uleers, 9.0 vs 3.2 mm¥d;
P=.004), Treatment termination because
of subject request, death, or facility
transfer oceurred equally in the two
groups (Table 2). Median follow-up time
was similar between the two groups,
although the low-air-loss hed group
showed moderately, but not significant-
ly, more complete healers (60% vs 46%;
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FP=.19) (Table 2). Using life-table meth-
ods to account for early treatment
termination also revealed no group dif-
ferences. Nine subjects using the foam
mattress were deviated from the pro-
tocol because their ulcers became
substantially worse or failed to heal.
Each of these nine subjects had under-
gone at least 30 days of treatment (me-
dian, 68 days). Five of these subjects
were subsequently treated with low-air-
loss beds, three received air mattresses,
and one subject received air-Muidized
therapy. Only three of these patients
completely healed within4 to 12 months
(one using an air mattress, two using
low-air-loss beds). Five patients died
within 1 to 12 months without complete
healing and one subjeet remained un-
changed using an air mattress for more
than 12 months following the study.

—_
=
=

Superficial Ulcers
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Life-table curve illustrating the observed chances of
complete healing of pressure ulcers In a given
number of days.

The Shea and Sessing scales alsodi - -
onstrated significantly improved o
all outcomes for the low-air-loss grong,
By the Shea scale, the low-air-loss group
improved by a median change of 2.0 stag-
es (256th and 756th percentiles, 0, 2, ve-
apectively) compared with 1.0 stage
(25th and Thth percentiles, 0, 2, respec-
tively) for the foam-mattress group
(P<_05). By the Sessing scale, the low-
air-loss group improved by a mean
change of 3.0 stages (25th and 75th per-
centiles, 1,3, respectively) compared with
only 1.0 stage (25th and 75th percen-
tiles, 0, 3, respectively} for the foam-
mattress group (P<<.01)

The Figure shows that more sup. -
ficial ulcers than deep ulcers were her |
in a given period,

To explore whether healing wus = -
fluenced by other subject characteris-
ties, we examined 26 demographic and

medical variables as potential explana-

tory or confounding factors. Each indi-
vidual factor was ineluded with hed type
in separate Cox regression models. Sig-
nificant modifying factors were then ex-
amined pairwize with bed type in sep-
arate Cox regression models. Although
several interrelated factors were asso-
ciated with healing, independent explan-
atory variables included only bed type,
depth of pressure uleer, and fecal con-
tinence. After adjusting for fecad con -
nence and depth of pressure uleer. o
other factors were found to significi
modify the effect of the bed.

Table 3 presents the statistical co:
parisons of cure probability (hazartl va-
tios) obtained from the Cox regression
models, adjusted for fecal continence.
For this study, the Cox hazard ratio is
the cure probability ratio (the probabil-
ity of cure under one condition divided
by the probabhility of cure under the oth-
er condition, for subjects who have been
under each condition for the same pe-
riod). As is shown in Table 3, the care
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Table 3 —Companson of Pressure Ulcer Cure Probability®
T T e |

‘Subgroup Cure Probability Ratiot 95% Confidence Interval P
B Low-Air-Loss Bed Compared With Foam Mattress
Superhicial ulcers 260 124-5.41 m
Deep ulcers 297 061-145 18
All ulcers 266 1.34:5.17 004

Superficial Compared With Deep-Pressure Ulcers

Low-air-loss bed

11.67 355-37.6 = 0001
Fpam matiress 13.25 2.60-67.5 <0001
L.ambnined beds 1205 4.16-34.9 -2.0001

S E s s e E——— =
All estimates lrom Cox regression models, adjusted for fecal continence.
Hrobatmiity ol cure under ane condition, divided by probability of cure under the other condition for subjects under

o ronditan for the same penod

Srobability ratio indicates that for any
civen length of time, subjects in the low-
air-loss bed group were aboat 2.5 times
mare likely to heal than were subjects in
the fuanm-mattress group (P<.004), Like-
wize, for any given length of time, sub-
jeets with superficial ulcers were about
12 times more likely to heal than were
suhjects with deep uleers regardless of
the type of bed they used (P<2.0001). We
al=o analyzed probability ratios using
dlternate outeomes inceluding 25%, 50%,
and 75% of complete healing. Results of
“hese analyses qualitatively supported
woverall effectiveness of the bed. The
asygmificance (P=.18) for deep-uleer
hgroup comparison was most likely
ving to fewer subjects with deep ul-
vers (n=32) and greater heterogeneity
uf those subjects,

The fact that nine subjects from the
control group were prematurely re-
moved from their assigned treatment
because they failed to heal in a reason-
able time could have systematically bi-
az¢d our results. We recaleulated life-
tihle healing rates by assuming first,
that all pressure uleers would have
healed on the day after treatment
ciidded, and second, that they would not
tiive healed by the end of the study.

tatistical significance of group differ-

ves in healing under each of these

~iziegrences
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assumptions remained essentially un-
changed.

COMMENT

The results of this prospective, ran-
domized trial demonstrate the effective-
ness of low-air-loss beds compared with
foam mattresses for healing pressure
uleers in frail, elderly nursing home res-
idents. Overall, use of the low-air-loss
bed resulted in a threefold increase in
speed of wound contraction compared
with use of a foam mattress. These find-
ings remain true across severity of pres-
sure uleers. Furthermore, the data sug-
gest that when controlled for depth of
ulcer and fecal incontinence, patients
who use a low-air-loss bed are 2.5 times
maore likely to heal in a given length of
time than are those who use a foam
mattress.

Despite the the potential for confound-
ing effects in wound healing, analysis of
our dataindicated that in addition to the
type of bed, only two other factors (pres-
sure uleer depth and fecal continence)
could have had an independent effect on
overall healing. In controlling for fecal
continence and uleer depth, our findings
remained consistent, indicating im-
proved healing for subjects treated ona
low-air-loss bed, regardless of the size
or severity of the uleer.
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While other investigators have
stressed the importance of tightly man-
aging multiple fuctors that may influ-
ence healing, our study characterizes
the effect of the bed under more “real-
life” conditions. In the final analysis,
trealments prescribed by physieians
did not seem to bias our results. In fact,
53% of our control subjects were com-
pletely healed within 6 weeks compared
with 42% reported by Berlowitz and
Wilking."

[t seems reasonable, therefore, to con-
sider using this technology for selected
nursing home residents for whom goals
of nursing home care include the cure of
pressure ulcers. The value of rapidly
restoring comfort, funetional status, and
quality of life following a pressure ulcer
injury may be enormous for selected
residents in this setting. Although we
did not evaluate costs associated with
pressure uleer healing in this study, the
ahility to speed healing vates by twofold
to threefold indicates the potential for
substantial savings in this zetting.
Considering the strained wmonetary
resources and conflicting priorvities of
consumers and society, these issues raise
philosophical and ethical considerations,
because low-air-loss bed technology may
he economically rationed despite its com-
pelling effectiveness as shown by our
data.
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