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in the Prevention of Pressure Ulcers
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Objective.—To detemine, i srifically A patfients at rigk. both the clmical ubity
and cost-effectiveness of using an air suspension ted in the preverttion &f pressuna
WA

paslgn—Randomipd, parmalks growp, comrolied cinkea) ol wilh accoenpay-
g cost-eflectivenass analy=ss.

Setting.—30-bed muMidsciplinany smensivae care unit.

Patrormtz—100 conseauiive patients & dsk for the development of pressure ok
eprs rAndomly assigned I recene eatment on aither an alr sispension bed or a
sandar intensive cane unit bed. Patlents considened at risk wem thase at ieasl 17
yuars of age with an Acite Physiology and Chvonic Health Evawation Il (APACHE
iy scure greater than 15 wim had ar expecied ntensive care wiit fay of @ isast
3 days.

Mair: Qulctms Measires.—The developmer d of pressure uicers by ste and
sevarty ard The cosls associzted with sach of the two programs, '

Results.—The ar suspension bed was gssociated with fewer patients develop-
g single, muliiple, or severe pressare woers. I patients at risk, Ge use o an ar
suspension bed in ha preventon of pressure vlcers was 2 Cos-gtfective therapy,

Conclusirm.—Desrle onge muSing G, pressure goers an hohe preva-
Jertl iy the eriticetty 1 pationt papulation than in the ganenal hospital popudation, Air
s EpEnSon Wermny provides A dircelly efoctive meens of pleventing pressune ul-
merzin these patierts. In patierts 21 ek 2ir suspension therapy was 2 cost-effectve
means of managing pressure ukcers comparad with the standard pospital bed,
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FEESSURE ulcers are an important
1nd potentially costly complication of 2
orirical Hlnesa, their oomurence due to
fartor= Yoth nbrinsic and extrimic e
ihe patient, ™ Extrmsic factars that ex.
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et a mechanical foree on 5017 tissue ih-
elude progaire, shear, moisture, and &c-
ton while inbttensic factors include pro-
tein malnatotion, aneoua, sensory ioss,
impaired mobility, zdvineed age. de-
creased mentzl slatis, incentitienes, amd
infection. While vorioas studier, lave re-

pocted the prevalence of pressurenleers

in the range of 3% to 4.5% for all hospi-
talized patients,™ pressure Uleers are
oore prevalent in the aribtical care set-
ting due in part, 1o the unlgue character-
istigs of thie putient pepalation. Depend-

ing oo severity, the sstimated casts to
kral pressure ubeers ranga from $500C o
540000 Thus, in terms of both patient
soffering and beqlth cere expenditores,
pressure bleers are zn important prob-
bem in the mtensive eare unit (FOUL

In attempty o preveat the eocerance
if pressure wlcers, varions devices und
therapies have been used. incleding air
auspension beds Widle these beds have
been shown effective o the healmg of
pressgre uleers” early designs were
plagued by probjems of awkerard mrs-
Ing; care and transfer of the patient. To
overoome some of the diffimulties iy pre-
vigus des{gne, an air suspension bed has
been developed (Kinir, Kinetic Con-
cepts Ine, Sen Antondo, Tex) utilieing
improved materials znd angineering.
This bed provides a smoath, Jow-frc-
tion, low-shesr sorface with a high meis-
lirg vEROr Lransmivmion rate, decreas
iy pleysical stresves of the skin ™" Each
sectivn of the bed has separate gir-con-
trolled setrings to redistribute body
weight away fwom bony prominences,
resoidng in mterface pressores of less
thap 30 rom Hg. ™

While the safery and efficacy of the
Rir szepEnSitg bed have bech dotument -
ed in various case studies, o rigarou:
evalustion of its #bility to prevent the
development of pressure uleers has been
conducted. [n addition, the current §-
nanciat climace o both the US ard Ca-
nadian healih care sectore hes resulted
in a grovang awareiey of the need 1o
agsess The economic Mpatt of new med-
izl technologres. We therefore conduct -
ed 4 randomized controfled crigl to test
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the following two hypotheses: first, thet
the use of Bir wuspension therzpy would
be a dinically effective meams of pre-
venting pressure uloers in eritically ill
patienta at risk and, secend, given its
clinieal utility, that ruplementing Air sus-
pension therspy would prove to be a
cqat-pffective strategy for tre preven-
tign v preovare ulcers in both the Tw-
nadizn and US health @re sattings.

MATEHIALS AND METHOOS

This study wes reviewsd and ¥p-
proved by the Review Roard for Health
Geirpres Regearch Lnvoiving Human
Suljcets at the University of Westorn
Chtario, London.
Stisdy Poputaton

B tienta were evaluzted {or entry nte
tha study on sdmission to the Critical

themts wrepe over 17 years ol age, had &0
admiceion Acric Physiclogy asd Chroo-
ic Healrh Evaluarion [ (APACHE IT*
scoTe than 5, amd had ap -
pected stay in the [C1F of xt least 3days.
size wm determined [Bra e
tafled test that would compere the -
idence of pressure wieer development
i the twe study provpes. A priori it was
ized that the inedence: of pris-
sare uleer development woold ke 30%
and 8% in the standard bed and airsus
pension bed groups, respectively. Sig-
nifehcs was set at o=/00, with power
cetat 1—B=.80, Sulect o the availabil-
ity of thy air suspension bed, 100 con-
seeutlve patients were randomiy 2=
sigmed ta receive {reatment with either
the v stspensioe bed of 2 standard
ICT; bed. Patlents randoonzed to the
wtardard bed were motated gvery 2 hpurs
unless spotraindioated.
CHmcal Measurements
For each eligitle patiest, the foliow-
ing demographic informstion was calb-
lected: bireh date, sex, body surface area
{BSA), primary ICU admiagion diagno-
siz, ICT) and hospital discharge dates,
and G0 patorme {ie, servival or death).
Idness sevemity was approximated by
colrulating the APSCHE Ti score dur-
ing the first 24 ot and 2t T2 houre
after LC17 admissinn. As an approxomi-
tion of poring care intensity, the Ther-
apeutic lotervention Smnng System
[TI55) sewrc™ was calcnlated dady. Phys-
igfogie variahles that were eollected oo
2 daily basis included hemoghobin tetal
werom protein. gnd serum albumin. Un
entry and daily thereafier, a viswad skin
inspertion of 12 bony promincnoes was
perlormed by 2 trained crirel are ne-
search nurse, and the presence of ab-
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sanes of presyre Bloers was recorde=d.
H present, pressare wlocrs were scored
a5 described by Shee! with the score
eorroborated by 2 member of the Vie
1oria Hospital shin care team. Data were
colleered unatil (17 thy patient was well
o walk [or mare (ban & hoors
pcrd:]rﬂ}mnfthuirsuspcnﬁmbed
wag stopped At the request of the pa-
tieat or phymician, or (3} the prtient died.
Sintizticnl Anmtbysis
A1) statistical analyses were conduct-
ed weing the statistica package SFSSS
FC« a1, Data analysi bepan with en-
sp'im'r.hm the Two ealy £INPE WerT
oon-

v cormpare continoous varigbles, whils
mﬂﬂlmﬁmwﬂﬂcumpﬂﬂdﬂﬂﬂ
ing 3 amalysis or Fisher's Exact Test
whepe appropriate.

e gleer dervelopment betweea the two
stady groups, swepwise logistic regres-
sion analys=s were vscd. Specifieadly.
four models were congtructed weing =5
dependent varibies the development
of (1} single pressure wicers, (2} multple
nloers, (3} acvers preaser ol
vars {geverity score 1), and (4) reso-
lution of the presyure wicer. For cach of
the four models congtructed, the inde-
peodent  varmbles entersd included
sty proup. admissipn and T2-hoar
APACHT 11 and THSE scores, primery
L admission dixgnosis, age, BSA, and
“#2-hour vatmes for serum alburmin, total
yerum proein, and hetmoglobin. Seventy-
rwo-hour values were uoed becanse 1t
was thaught that they were a more s12-
hle refiection of the patient’s umderly-
ing physiologic stats than were values
oblaiped in the frst 24 hours following
admission to the ICG.
Gosl-etiectivones Anatysis
The methods for the analysis of cost-
effectiveness are signilar to those nsed
in other Canadian studies.”* The per-
zpective taken for this analysis was thel
of 2 third-party peyer, While this wrew-
poing it more mited in geope thar That
af socisty, copliring movls qut=ide the
brospitai in the Canadizn heaith enre sye-
vem is profibitively diffimult, precludiog
a more expanded viewpoint. [n addi-
Lo, sinoe we wers oy intercated ina
comparison of these two altarnatives

- (hranidard ve pir suspension bedsd, costs-

comman ta both programs that did sat
vary with the presence or absence of 2
pressare oleer leg, nofrops sypport)
wete ignared

Efiectiverem of the two alternatives
was measured in terma of the oumber of
ICH patienks at rish in whem preseurs
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aleers doveloped, and effectiveness wan
expresesd per 10 patients st Tink. Coan
asmociated with cach program wers &-
vided into prophylectic, dgnestic, kud
treatment costs (Table 1), and extirtey
e in both US and Cimpdian
1253 dollars. Since both diagnostic and
trpstment osts Tary with the scverity
of the pressure aleer, these two cate-
icn wrre further broken dewn by
pressure meer severity- AR LacTeTnental
imim of the effect of inoducmg
the air Suspension bed was them con-
ducted by calenlatmg the cost-«{fective-
pess ratio, the cost per pressure diter
provented, Finally, mdtiple sensitivity
1ralysas were performed by Farying es-
rimates of bath 5 and Canzdian costs,
Specifically, the subtatals from each of
the prophylactic, dizgnestic. and treat-
ment ctegarics wers varied by 25%1n-
crements from 75% La 200% of the vog
trnal eptimates.

RESLULTS
Cizracteristcs of the
Study Populabon

{f the 100 patients rundomized, 38
successfoly completed the study pro-
tocol One patient fomeach study grodp
was epcluded from the analyses. 23 they
&id ot have an FCU stay of at least 3
days. Neither of these patients devel-
oped # pressure uloer during thetr hpa-
pitalization, and both patienta survived
to hogpia! discharge. No sigrifieant daf-
ferenres were Tound with respect tathe
potencnly confothding varables aut-
lined in Table 2 However, there was 4
tread for petients randomized Lo he
standard 10T tred 1o have lower admtis-
sion APACHE Il scores and BSAs as
well.zs higher TISS a¢ores. 1o addirion,
patients randamized to Lhe standsrd (T
hd hzd somewhal shortar lengths af
dtay then those madomized to the aiF
suspension bed, The fart that the=e
trepdy were present reinioroed the need
to include potential confoundert in the
stepwise logistic Tegression analyses.
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Preseura Ulcer Devaiopment [I scores. sigpifar remuits were found for

in total, 38 ang eight presture ulears  Uhe mods! predicting multiple prossure

were detecled in the standard ang ajr
suspengion bed groups, rewpectivelr,
with the sacumitrochenter m"ﬁtﬁ
oSt comiton Fite (60%). The Figme
simizrizes the number of pationts de.
veloping sngle, meltipls, and severe
preusure uleess by study proup. esults
of the stepwise logistic regresnion anal.
YEe= appearin Talles § chrough 5. Treat-
ment uskng the wir suspension bed wag
ayspeizted with sigmificantly fewet pa-
teoes developing single (Table 3), -
dple {Table 4), or severe (Table ) pres-
are wleers, No significart differences
were fpund with regard to the resolu-
tion of pressure wloers, T
Uther gipnificant predictors of pres-
*are itlcer development incloded jength
of ICIT stay, T2-hour APACHE 11 seore,
T2-fiar total serurm aiburgin Jevel, and
2dmixsion TISS score {Table 5. With
the exception of the TISS and APACHE

A Margn 3. 13ET- Mol 259 Mg, §

thear dovelopment (Tabie 4), Sipifesn:
predictors of severe pricoure oloer de-
velopment were JCU length of stay and
admisxion TISE score {Tahle 51, Regard.
ing the resolation of pressure oicers,
the number of resslved weers (15 of 47)
in thit anslysis prectuded fnding any-
thing but larpe differences between the
twostiudy proups, As such, the stepwise
logimtic regression vielded no significun
predictars.

Cogt-sffectiverness

In both the United States and Can-
ads, the alr suspension bed proved to.
be 1 dominant medical technology,
pFroviding & mme clivicilly effective
Treatinent less expentively than the
traditional approech of Bequent pa-
tent rotation (Table €. In the United
Stztes the ar suspension bed  re-
msined dominant through all of the yee-
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el Oen bary incfieste fotents Tabrd on g gar-
dard Bock; 303 bars, Aataror et o et S-
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AATi0E b the semitivity snzhyses In Can-
2tz phe WtvEton was somewhat Jiffer-
ont. Specificoily, if prophylactic e
ware underestitnied by at least 25%. the
2ir myspension bed ot demmmance gver
the standard bed The tesulting cost-
elfeetiveness ratios (e per pressre u-
cer prevented) for 125% 1509, 1759
and 200% increases in prophylactic costs
ware J1E2H4 5330462 $514.41. and
$5840.19, respectively. Only in ane ather
sevnario did the sr suspension bed fose
deminance in the Canadion setting, when
trexdment ooy were overestinmated. IF
trestment conts were oty T9% of that o=
tirmated, the resulting cot-effectivensss
mdo was 8113 per presmure wleer
prevented,

COMMENT

Despita its inereasing use inthe ICT),
there hag been nurprisingly [itte re-
search reported om the prevenbon of
pressure uleery wging Aty suspension
therapy. Therelore, we conducted 2 ran-
domired corterolled trial W address both
the elfinica] utility and cost-efertiveress
of implementing this technology in awr
[CU. Qur datd support the fellowing
three condostluns: First, despite n-
wreased nurging zttention and {requent
patienl rolution. pressre oleers are
more prevalent in the [CU thay in the
general hospital papulation. Second. the
use of air suspension thergpy i clini-
lly effectve, with significantly fewer
patientns devetoping smgle, multiple. gr
Sevare pressure algers, Finally, air sos-
pensian therapy isa cost-effective means
of preventing pressure Wicers in the erit-
ieally ill patient st risk when weed inthe
foanner ootfined in this sindy,

[n this shudy, the tncidence of preasure
wetr development on the standard bed
was 51%. This rgy seem high, bt it reust

Aur Suspercean Bed av) Precorrs | Roersrman eral 1141
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bue iptarpreted within the wntext of the
smdy detipn, The elipihifity oriteria uzed
for the study lindted enory v those pa-
tents with substanzial risk for pressure
dloer develommem. Anwng those ex
dwded by these criteria wem patients
admitted following mrvoczrdizl infaore.
tiom, wascufar and eardiee amgery, and
drug cverdoses. These mtients acsount
I 50r% of o urrent ad-
woild booe substantaby lowered the
“glehal” [CL medence of pressure oleer
devel

Vndependent afthe i suspension be,
Other significant predictors of preysure
wieer developmant included length of
KT stay, T2-hour APACEE I score,
T2-hour sermm albumin bevel, and ad-
misgion TISS score. Total rerum alby-
min level hay previously been shown to
be assovizted with the development of
presaure uleers,' and alburdn deplistivn
has been considered an intringic risk fa0.
tor, {1 mauy seem paradexieal that the

g

rak of developing pressuire uleers m= -

creased with each APACHE I! peint
and decreaned with each increxse In TISS
pointy. APACHE ([ attempts o quao-
tify a patieat's Ulness severicy through
examination of both physiolopic and

THRE  JAMA Mach 1 1593 Vol 269 Mo, 9

ehronic health parameers, Patdents with
high reores dre, in estene, at preater
risk [inlike the APACHE 1) score, the
TI353 score is derived From roatine ICT]
interventions. Higher T{SS scores in-
dicate more patient interventlons ag-
tanuted to by the mrrye and thus an in-
creased ldielthood that pattents will B
mowed in bed more frequently than pa-
tients with lower TIES seores, Inter-
esdngly, examination of the change in
APACHE II scores revenied thot pe-
tients oreated o0 an wir suspension bed
had larger redurmions then patients
traated on 4 stundard bed, However, to
attribute this to the weatment wroap f
beyond valid interpretation.

Only six patlents reated on 2n air
suspermion bed developed pressure ul-
eers compared with 25 patients oh 2 stan-
dard bred. From the fnal logistic regres-
sion equation. patients treated on an air
suspenyion bed were about LH% (pdds
rade, 0.18} a5 lkely to develop a pres-
sure uleer 4 parjenty on astandard bed.

Pavents: treated on an air suspenyion -

bed were also less likely (odds ratio,
0.11) to develop moltipie pressurs ui.
cerd, Omly one patient developed mul-
liple preseure ulters on an wr airepen-
sion hed compared with 12 patients an

a standard bed. Snee the poaj nrw
therapy is Lo alleviate pressure L
affected ares. the kgher mate of e
ple pressure uleers in the fandard Leg
gronp may have been due to the ps
tribation of presmrn um ome g
another. Finally, sigmificantly :
{odds rurie. 0.18) patients develope] ga.
vere pressuve LOTs Of an wir

sicn bed than oo = standard bed.
results may he directly related to £
sutprension bed's sbility to reduce’ the
pressire exerzed over bony promi.
nencer™ and therefore 0 maintain gy
adequate blood supply to the aifomay.
arens,

Valid svonomic evalnatinns gre presd
clintes! utility. Eficacy 33 2 meagire of
clnieal otility ean be defined as che algE,
ity of a new techoology to achieve fi
stated goals under srictly comrolled o
ditfens. 7 Clinic ffettiveness, In s
trast, iv defingd aE the new
abifity to achimve the same bempefite un.
rher less conirolled conditions. It &y now
arknowledged that the randomired oon.
rrolled triai pronddea the best sourom of
evidence regarding dinical wtdfpy ™
Therefore. n examining the ciinkzl of-
lectlveness of the wir juspenaion bed, we
desirned the il 25 progmatically as
possihle, with relatively few entranee o
teria and liheral study end pofncs. We
believe that the recultinganalysis of conts:
effectiveness s more applicable thaen o
thre trizl hud been condurted nnder mopd:
conttalied cirmum e .

Cost-efiectiveness an:lysiscanbe'ﬁg
fned 25 the relationship between inpiss
angd ootputs, or the cost and conme
quenees, of ab least two health core 4-
wernatives. Recently, there has heen
an increzsed awarencse of the aeed to
255058 Ll evonomc mpact of introdes-
tng new medical technologies. Unimg
cost-effectivenees analyuis, it has been
proposed that new technslogies be -
trpdueed when ¢ne of three vonditions
are met™; Firsy, the new technology is
less coptly wnu at least as effective as
the murrent standard. Seeond, the new
technology ¥ more costly and more ef-
feerive ;ﬂn the current stundard, its
added benefits being worth ity added
cogts. Third. the new technolvgy is less
effective and less costly. the sdded ben-
afit of the turtent stindard not being
worth ity added cost. In Canada, tenis-
tive guidelines for the adopticn and uti-
lizstign of new medical technologies have
bean establiched in congnrd with these

- eonditigmg,* - -

Based an borh the inftial results and
thoae o Lhe depsitivity analyses, we cone
tend that the air suspenslon bad Ruflls
Lthe Brst vonditton when zpplisd i 2 orit-
iraily il patient popuistien at risk. The
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This Gnding was evident i both
u,,LSdetnmd;Lmhulthmm[.

ﬂbﬂlmﬂlﬁmtm
t5 of the senattivity aoslyse in-
dicated that, in the United States the
g simpeneion bed retained dominance
Mmesturduﬂhﬁd,mgzrdlmuhny
givarured Fade in the prophylactie, disg-
ﬂﬁm.arb-c:bnmtmmluﬂamda
the ir sepengion bed w2s domirant in
the eriginsl analysis but lost this ad-
rantagt if the istimates of prophyls=tic
casty were anderestimaled or if Lreat-
et costs worn orerevtimated, Tt ia
ﬂﬂmelylhziuthtrﬂfﬂmktwmnd:
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