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Effectiveness of Plqtelet Releeisqle for
the Treotmenl of Diqbetic Neuropothic
Foot Ulcers
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OBJECTIVE - 1-hc gt:,al r:i rhrs srudv rvas ro specifir:a)ly cstimate the eflecliveness ol platclct

re leasate,  a wide ly  avar lablc l rcarn]cnr ar  lnr i r  r  is tcr t : r l  bv a propr ict  ary gtnup of  wound carc ce ntcrs
(WCCs) ibr  the t teatmcnt cr l  t l ia l r r : t i t :  r r t :uropathic lb() l  u lce l " l lo l l

RESEAIGH DESIGN AND frfEtHODS - 'flcarnrcnt 
cllcctivcness rvas cstimaLcd in a

retrospectivc cohort slLr<li, torrrlolling ftrr ucal:ttcttt sclcction bias using logistic regression-

derived ptopcnsit)'� s( or('t

RESUtTt - Plirrcl,rr re L,ir:;atcr \\'as ulorc cllcctivc than standard care , The relative risk lor a

rvound to hcal  af tcr  l rcx l r ' r l ( . l t l  rvrrh p latc lct  rc lcasatc comparcd rv i th standard carc a l  a WCC

var jcdfr turr  l . '14(95, ]1,( - l  1.0- l - l  27)to l .5cl  ( l  49-1 70) Thcef fectwasBr€atesl inthoscu' i th

thc lnosl severc lvt-ruttcl:,, i.c.. largc u'ottnds thltt a[[cct dccper anaLolnical structures.

CONCIUSIONS- WrLhin rhc l r r r r i tar ions of  rhc abi l i ty  of  propensi t i ,  scorc analysis to

cgnrrr>l foy selecllou bias. plaLclct rclcasare is more ellective thatr standard thclapy. This cffecr is

molel ) ro l loul lcedi l turorcscvcx' rvot tnds Unlol tunately 'severcwoundshavcnot lxcnevalu-
ated in lanclomizcd clrnrcal rrials oI nerv ir]tcrventions. We encouragc thc inclusion of tlrese
patreltrs ir1 luture trrals.
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Fl iabctic foot ulcc)iltr('rr is a comtttt.rll ll-la)/ l)e directly attribuuble to Lhe dia-

I  l  r :onrpl icat ionol  c l : : rbctcsandaffocts bet ic foot(4) .Theservoundsalsoresul t in

lJ n,ot''1' dral>cuc l-r.{Lrcnts rn tbe U.S. >,0.5,000 lower extremity anrputalions

i l ) .  Th.r .  r tounds arc o l tc t t  rnul t i lactct t i i l l  eaclr  1,s2f  in the U S. a lone (5,6)  Per ip l t -

rn origin, but tcnd tL) oc(:ltr otr thc plantar cral neuropath;' is an important etiologi-

surlaie of lhc [c.ot arrcl Ltrisc in the scttutg cal facLor ar:d has been associated as a

of per\rheral ncurop:rlLr1', vascltiar com- feature in betrveen 6l and 100% of dia-

promisi, or borh. l)iabr:tic foot ulce[s are be tic patteuts "vith fooi ulceration (6).

issociated s'ith incrcascd mrrlbrdiry aud lt is iltrpoltant to distinguisir whether

rnoilalitt,, and t.hcy havc a l)cgtrttvc iln- cliabetic lbol ulceraiion is associated with

pact on'both thc qr-r:rlity of lilc and rhc vascnlalinsuificrency, becausc wotttrcls

product iv i ry o l '  dr i rbct ic  pat ienrs (2.3) .  caused by vascular  insuf f ic iency ol ien re-

itudies suggcst rhar bctr,,,ccn 25 and 50% qr.rire sur.gical revascularization. In con-

ql cOSts rel-ared to itrpalicnt cltabctcs care trast, tlculopathic ulcers are amenable to

a a a a a a a a a a a a a a a a  a a a a a a  a a a a a a l l o t a t a t t t ' t " " " t "
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Abbrcviirt ions: (:1 15, (.uri l ivc l lrrlr lr Sen'ice, l 'L)4, fo()(l and Drug Adrrrinistlation; IrR, plalelet rclcas-

n tc lWCC,  u 'ou t td  c i t t c  t t t r l c t
A tablc clsc$'hcrc in l lr is lssrc slrorvs S1.stinrc lntcrnauonal (51) units and convctsion factors lot tnanv

substanccs.

l'.tsC I 
I l Dnrai . r  l - .  5rnov,  vn,  upn2

. j r ,ssr ,  A.  Br,nr . tN,  s<.o '
rrredical,  rat ircr t l ' lan surgical,  trcatlncnt.
ln lact, thc U.S. l-ood and Drug Aclnri t ' t is-
t .rat ion ( l 'DA) has'rcccntly, approvcd bc-
t:aplcrnrin atrd onc skin equivalcr-rt  atrcl  is
considenng anothcr skin tquivalent spe-
ci{ ical ly lbr cl iabctic ulctrattr.r t t  ol  tre uto-
pa th ic  o r jS in  (7 -10) .  Bccap lc rmin  is  a
topical pharrnaccutical also cal led rccorn-
binant human platclct-dcrivccl gt 'orvth
fat:tor gcl and has bccn sltctwtt to provrde
a rnodest bene fit fol parients rvith chrontc
ncuropatl i ic diabetic foot ulceration (7-

-10). Anothcr opLi<,rn [or treatt l lg a l)atrent
q'rtlr a diabetrc lbot ulccr ts tlre use of
platclet relcasate (PR) (1I*15) PR is atr
autologous product ol leted by a group ol
proprictary rvt-rLrrtd care ce nLers (\\iCCs)
associated with Curative llealth Serr;ices
(CHS). l ts tnanufacture rs not di[ l icu][,
a n d  t h c  W C C s .  w l r i c h  a r e  P r e s e n l
throughout the cor.tntr;,, rnarket their ser-
viccs directly to Palients ancl arc recil:t-
enLs o[ health care provider refer rals ( I 3-
i 5). BoLir becaplcrntin and PR are used itr
conjutrction with stanclarcl care, wiriclr rn-
volvcs covering the wound rvith saline-
irnpregnated gauze and i trstruct ing Lhe

Patierl t  ro avord weigltLbearlug activi t ies
on the affectcd l imb (16). Because i t  is
manulacturcd localll', PR h:rs not bcen
suljectcd to thc same FDA regulation as
otheL rvound-carc products. As suclr, PR
has not beeu rvell evah.tatcd itt a randotn-
izcd controlled tlial, and bccause so man)'

1:lrysicians have lotlned an opiniou te-
galding irs ellicacy, it lxay not be ethical
to evalnatc it in a ranclomized clinicirl trial
(12 ,13 , ' |5 ,17) .  Our  go i r l  u 'as  Lo  cs t in la rc
rhe cf lect iveness oI PR for the trcat mettt  of
diabetic lleuropaLhic foot ulcc.ratiorr. \Ve
report the lelatrvc risl< oI hcallrrg r';ithin
32 wcel<s erl  tni t iat ing caLc lor patlcl l ts
rreated at a WCC using stalrdard rvound
carc alonc versl ls caTe Llrat included - 20
weeks ol Pll.

RESEAR.CH DESTON AND
II,IETHODS
We used a database ntaintaincd by CHS
tl'rat includcs data on -I20,000 patients
with chronic u'outrds, A subset of 26.599

483
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Effectitt enes s oJ pla t cl a L r (lu$d tc

paticnts in this data'l-rase rcltrc:;r:nls all pa-
t ients treated bctwcer-r icJ88 and )Q97 tn a
CHS WCC for diabetjc ncurol iar l i i r :  foor
ulceraLion. The lel iabi l iL.v an<l val idi ty of
our abi l i ty to ascertarn wlrerhel a 1:aricnr
has diabetic neuropathic lool ulccralron
and whether a wound has hcalrd Lras been
previously reportcd ( l8). Ilrlefly, sullccts
wet'e chosen lbr Lhjs studir i f  thcy werc
patients with con fir'nrr:rj diabcrcs v,,lro had
an ulcer on the piantar surl lrcc of the Ioot
arrd lower l i rnb urtrr ial  l tcfrrsion aclc-
quate for wound bcal inl l  (  l l t ) .

Determination of trcatnrent stalus
We used the CttS datallasc tc) cletern)ine
whether a patient was trcared with PR.
Although a few paticnts began I'R use at
their l i rst visi t ,  86% of thcr l iar icnts who
uere ultimately trcatcd u,irh PR actuallv
received PR by thc l2th rveel< trf  carc.
Therefore, parients wcrc dichotomrzcd
into those receiving l)R b)' thir l2th wec]<
o[ care and thosc who dicl nor rece ive l,il
by the 12th wcck of carr:.

Study end point
We used an cnd poinr of 20 rveehs aiier
the initial l2-week evaluarion period lbr
assessing whether a paricnr healcd. In
other words, the firsr l2 ra,eeks o[ care
rvere treated as a rurr-in period (the pre-
study failure period), during r.vhich tinre
PR treatment could bc iniLiated. Because
we wantcd [o ensure ar least 20 rve cks ol'
care with PR, oul acturrl cncl point ri'as a
healed wound withil] the sr"rbsequent 20
weeks, i.e., within 32 u,eeks of cale after
the hrst WCC visit .  We dicl t l rrs t , '  bc con-
sistcnt wrtlr other studrr:s .-,rr rhc cfficacy
ofdiabetic foot ulceration thcralty'. N{any
o{ these studics treated paticnts u'ho had
already failed to heal u,irh standard rher'-
apy with an investigational agent for' 20
weeks (7-10,13,15-17). To asscss thc ef-
fect of our choice o[ 32 u'ecks, rve subse-
quently pelformecl a scnsitivrt.t' analysis
and es t imated the  l i l i c l ihood tha t  a
rvound would heal rvnhin 26 ancl 29
weeks of care,

Analysis
Propensity score. Se icction biils may bc
a major probleni in usurg obsen,ational
rather t iran cl inical trr;r l  d:rtu. hcc:rusc pe-
tients are nol randomll' assigncd to cithcr
PR or standard care f'his is a lin-riration of
case-contLol studies, ncstcd case-control
studies, and cohort studics. We used pro-
pensily score teclrnique s in a cohort str-rdy

Tablc l-Sclr:ctc tl eharacteristics of thc study ltopulation hy pR stutus

No 1'l l lFr

lr,^ (9t1 male)
AEc (Yeat s)
Wound arca (mmr)
Wound clurarion (rnonrhs)
Wound gladc
Wr.rund voiurlrc (mntl)
Irrsur:rncc (ori,)
( . l i l r rc  agr ( r 'nonths)

l'lumbe r of paricnrs iD cliltic

20,J17
53.7 (53.0-.54 4)
64.2 (64.0-64.4)

716.4 \674.4-758.4)
9. I  (8.8-9 5)

2.47 ( .2.45*)  48)
6 ,870 .4  ( 5 ,155  4 -8 ,585  l )

f12.3 ( t l l .e-82.8)

36.7 (36.4-3i . r )
412.8 ( ,108.(r -a 17.0)

6,21s2
-t6 7 (.'t5 4-57 L))

6a , . 1  @_  7_61  4 )
9 8 1  7  ( 9 I 0  r i - r , t ) 5 2 . 5 J
9 .9 i  ( e . I  l - - r  0  59 )
2.68 (2 65-2.70)

r  l , l  51 .6  (  r  0 , 9 I  1 .2 -  |  5 , 192 .9 )
tJ4.9 (t]+.o-tj5.rJ)

32 .4  ( 3  |  . 8 -33  (D

500 3 (.1e2.6-508 0)
Dara rrc nteans (95% Cl).

to minimize selection bias. Properrsity
score teclrniques atlempt to n]imic rhe
randonr assignrnent of a randomized clin-
i ca l  t r ia l  (19-23) .  Spec i f i ca l l y ,  r l r i s
r lcLhod involves moilel ing the factors
(covartates) that contribute to selcction
fol treatmenr rvith PR, i.e., rnodeling the
choicc oI treatrnent as "PR" or "no PR.' '  A
logisric :eglession prediction model rvas
6ttcd to rhese covariares, thereby assign-
ing caclr individual patienr a modeled
Iil<e lil'rood (propensity score) of his or he.r'
PloPensiry ro be lreared wirh PR (19,23).
l his score, potential range betwcen 0 and
l, represents a summary value ol the co-
rrariates that reflects the propensiry of a
giverr patient to receive PR.

Fol rhc current stud\'. covariates werc
includcd if they were hypothesrzed to a[-
fect the selection o[a patient to reccive PR.'l'he 

lbllowing five patient vanables wcrc
included in tbe propensity score model:
age, insulance status, referral staLus, sex,
and nurnber o[ u,ounds. In addiLion, five
u,ound variables were included rn the
propflrslty score model-duration, sizc,
volunre. deblidenent status, and gra(lc (a
classification tool based on depth o[ in-
voh'ed tissr-re). Finally, four clinic van-
ables were also included in the rnodel-
numLrcl of patients seen at a clinic,l'96161
lrealrnent (as a rnarker for changing
tlends in therapy), individual center (to
clre cl< [ol outcome differences). and clinic
cxpcrience (rrumbcl of ycars that the
clinic u'as opcn). fhus, a total of 14 co-
valiatcs u'ere inclnded in or.rr logistic re-
glessr,-ln-based propensity score modcl.
'fhe 

rrbility of the modei to discrininate
be ru'een those who receivcd PI{ and those
u'ho recerved onlv standard care 'within

I 2 weeks of care was estimatecl by the area
undcr the rcceiver- operating characte ris-
trc cl ln'e.

l f lect iveness estinratc. Paticnts rvere
stratilled into quintilcs based on the dis-
t l ibutton o[ propcnsrLy, s.or.s. x? resrs
were usccl [o dctcrmrnc the halalce of co-
variates betwecn t lre ncannent gloups
(PR or no PIt) bcfbrc and alicr thc assigu-
melrt to a propensity scorc-based quin-
t i le

Quinri le-specif ic heal ing ratcs lor the
PR arrd no ['ll groups lvcrc calcr-rlaLcd. Tlre
effectiveness ol PR was then assessed by
calculat ing the quint i lc-spccif ic rclat ivc
risk of healing at 32 rvee ks rvhcn r-rsing PR
ra ther  than no I  us ing  PR ( l r , lanLe l -
Haenszel techniclue) (24). Befole conrbin-
ing  the  qu in t i l c -spec i f i c  da ta  rn ro  a
summary scole, we used thc ()-srar.isric
Ior lretelogerreity to clcte rrninc r,l'lrether'
the size o{ Llte treatrrent elfccr varicd
across cluintiles (25).

Stat. ist ical analyses werc conducted
using Stara version 6.0 (College Station,
TX) and SAS version 6 l (Cary. NC).

RESUITS- Of rbe 26,599 str-rdy pa-
t ients in the database,2lolo werc trcatcd
with PR by thc 1Zrh weel< ol cale ('fablc
I). Patients treare<l with l,R wcrc more
I ike ly  to  have la rger  wounds,  o lder
rvounds, and wouncls oI lrighcr gradc,
and they u,crc treatcd at clinics rvith a
larger patienr census (Table l) .  Each pro-
'pensity score quintile conrainecl .-5,320
patients (Tablc 2). Group ) consisred of
paticnts least likely to rece rve PR, whereas
glouP 5 iucltrciccl [hose l iat icLrts nrost
likely to rcceive PR. 

'flrc 
ovcrall propor-

tion ol patients hcalcd by' 32 wcel<s of calc
sholved a doumward trcnd rvrth tlrr' rn-
crcasing gloup nunrbcr, t l rat js, thcrse pa-
ticn$ most likely ro rcceivc PR u,erc leasr
likely to hcal independcnr ol' r.reatnreut
e f fec t  ( fab le  3 ) .  Hqu,evgr ,  r leanr renr

Dnnrrrs Crnr, voLuvr: 24. NU\,IBEN I, MrHcn 2001
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It4 co'golis und Associate s

T ablc 7- S ti n: re tl p a t i t tt t . h ( rdc I ('l'i.sl ics by y o p e n s r t y s c or e qu intilc grolrl)s wcre wcll llalarrccd lor the risl< [ac-
tor vnrial l lcs thaL \\ ,e assesscd aftet '  str:r t i -
f icat ion ( l  ablc 2). l  l rc only excel)t lol t  was
wourrd glack in thc { i l th qurnti le ,  \ , l ' I ich
was not pcrfcct ly l talatrcccl,  evctr after
slrat i l icat ion. iLrc irrrpcrlcct balarlce for
sorrrc indn' idnal covariatcs in the propcn-
sity, 5., , ' - .  rnodcl was cxpcctcd ancl is a
feaLurc ol rnost 1;t 'ol tensity s(;ore mode]s
(20). Thc trtult tvat iablc logist tc r c gt t 'ssit ' r tr
nrodcl that was usccl to est imaLc caclt  i tr-
cl iviclual 's propcnsi ly lo bc trt :atcrl  wit l t
PR ir ird cxcel lcrrt  discrttninativc abi l i ty, as
cvidenced l"ry tlrc area ttndcr thc rcc€ivel-
operi i t i r1g chat actct ' ist ic curvc of 0.90.

C)ve  ra l l ,  43 . | 'Yo  c> [  I ]a l  i cn ts  hca lcd
rvithirr 32 wccl<s ol thc r lr i t iat iolr of care,
inc lud i r rg  50o1,  G8.7-51 . f  )  o l  pa t ien ts
us ing  P l l  and 4 lo lu  G0.3*41.7)  o f  pa-
trcnt.s not lcccivtng I ' l i '  (Tablc 3). The l lcr-
centage of paticnts healeci rvrthin 26 ancl
29 wecks of care varicd littlc ll-onr that ol
32 rvceks ol care (41 .6 and 42.4('/o, re'
specrively). Paticnts trcate d witll PR were
nrole likely to )rcal than thc)se L)atients no1
tlcated u' l lh PI( fol al l  f ivc propeltstty
score slrata (Table 3). However, tlre rcla-
tive r-isk of healing dtre to lll it-tct'eased
consistelitlv for wounds Lha[ were l]lore
lil<cly to bc treated rvith PR, increastng
flonr I .14 (L03-1 27) in the f i t 'st quint i le
to 1.59 ( l  .49-L70) in the last quirrt i le
( ' lablc 3) 

' l ' i re 
test [or lrcterogetreity rvas

sigrr i l icant at P < 0.001, indicattrtg rhat
the lnagnitudc of the ell'ect o[ PR rvas not
the sanre for all groups. lhrs suggests that
Ibl paLicnts in the high quint i les, PR lreal-
nrent at a WCC is trtore superior than
standard care.

Further ad hoc analysis shorved tl'rat
the effect of PR rvas greatest fol those pa-
trerrts rvith largcr wounds ctl higher grade,
such that stratifying the patients irl cate-
golics based ott u'outtd stze ancl gra(lc re-
v e a l e d  a  p r o n o t l n c e d  t l e t r d  r n  t h e
effectrveness o[ PR acrr"rss catcgoties Fol
cxirmplc, lor a u'ot"ttrc] ol 2 ctrt', graclc four'
(a lalgc auatot'nically clccp u'oLrncl). thc
odds ratro {br PR treatnlent-assoc:iatcd
hcal ing uras 2.6I (2.32-)-.94) l tr  cotr-
trast, [ ;r  a wound of 0.5 crttz, gradc otrc (a

small anatomically shallou' u'ound), thc
odds ratio ior PR treatntellt-associ:tted
lreal ing rvas L27 (1.I3-1.44).

CONCIUSIONS- This study is the
first independent assessrnetl t  of the cf6-
cacy of PR, r,r,l-rich has becn used for > l0
years on thousands o[ patrents in the U.S.
We found that PR is e [Ie ctive tn the treat-

fJo l ' � l l PTT

Group I
t1
Scx (% ntalc)
Agc (ycars)

Wound arca (nrnrr)

Wound dutat ion ( l rotr t  l r l , )
Wound grade
Wonnd vcr lumc (nrrr r  ' )

lnsurance (%)

Clinic age (Months)

Numbe r  o[  pat ients i r t  c l in i<:

Group 2
n
scx (7o nralc)
Agc (years)

Wound arca (mnr")

Wound durat ton ( tnotr t  hs)
Wound grade
Wound voiumc (rnrn ' )

tnsurance (%)

Clinic age (months)

Number of  l tat icnts in c l t t r i r :

6roup 3
n
Sex (% utale)
Agc (years)
Wound arca (nrnr'r)

Wound durat ion (r t tot  r ths)
\"\round grade
Wound volutne (nr t t t ' )

Insurancc (%)

Cliuic agt (rnontlrs)

Number of  1:at ien!5 in (  l inr(

Gr<.rup,1
ll

Sex (% rnalc)
Age (years)

Wound arca (mntr)

Wound tlurat iott (nlcrrlt hs)
Wound grade
Wound voluruc (mui')

Insurance (%)

Clinrc age (rnonths)

Nttmber ol paticnl.s tn clttttc
Group 5

n
Sex (% rnale)
Age (years)

Wouttd arca (mrut)

Wound duration (months)

Wound grade
Wound volume (mrtr ' )

lnsurancc (%)

Clinic age (months)

Numbcr of patieuts iu cltnic

4,90(-)
46. t  (41 7-47 5)

li(l.:iJ (6(). I 1,-(t6.1)3)

lu\)  79 ( . I>8 I4-22I  43)
7 .00  (6 .44 - . 7 .5 i )

/  o l  ( 1 . 9u -2 .04 )

t , ( ) 69 . : j . l  ( 7 )2 .44 -1 ,386 .62 )

76 .77  (75 . ' � | 8 -77 .56 )

3e  52  (38 .7  r - 40 .33 )

3212  ( l l 3  ( ; - . 32 t i . 8 )

4 , 1 1 7
rt2 {  (51 .0-51 ! ) )
(i'1 ir (ti4.l -64 .9)

2 t7 .61 (2()8 97-266 27)
7.e4 (7.35--8.54)

2 .76  Q .34 -2 .3e )
987.( i6 (828.07-1 .147 24)

r J1 .25  (S0 .10 -82  19 )
l9 (r3 (3tJ.ti2-40 44)
l72 r i  (164.2-380 9)

4 , 1 4 I
5(r .3 (54.8-57 8)
( '1.7 (63.3-64 1)

521 12 (487 IB-559.46)
! ) . 43  (8 .55 -10  31 )
2.63 (2 59-2.60)

-i,062. B (2,f)7(t.'l -3,149.3)

81.7 (82.5-84.8)
1,8.6 (37.8-39.1)

4l3.r r  (404.7-421.8)

120
44 .8 00.0-49 .5)
fr7 3 (66 0-68.7)

I 53.0,1 ( l  05.82-200.27)
6.02 (a 9)-7.)J)
7 .04  ( ) .94-2 . rJ )

8 /5 .37  (51  5 .+1  -1 ,  I  35 .31)
7+.3% Q0. t -78  5)

3ti  4 (31.G41 1)
332.83 (305,68-359.9t])

803
19 9 (46.1-53.4)
64.7 (63.7-65 7)

212.18  (184 l4 -210.81  )
8.3e 6.74-10.03)
2.39 (2 33-2.46)

j,019.95 (827.92-1,71 l .L)7)
80.20 (77.+3-82.96)
40.78 (38.79-42.77)

179.87 (359. l4-4oo.5e)

I , 1 7 8
56.4 (53.5-59.2)
64 .2 (63.5-64 .9)

489 .39 (441.30-537 .47)
9 . r3  (7 .61-10.64)
2.63 (2.57-2.69)

4 ,271 .31 (3,220.00-5,32{J.6)
83.2 (8L1-€5.3)

39 54 (,37.97-41.11)
417 83 (400,58-435,08)

,1 ,765 1 ,555
58.8 (57 2-60 4) 59 7 (57 2-62.t)
(r2.5 ((r2.0-6?.!D 61.6 (6i.0-62.2)

t ._ r76 .8  (1 ,272.2-1 ,48 t .3 )  1 , , ]64 .14  ( r ,05) .74-1 ,272.54)
1 0 . 1 9 ( 9 3 6 - 1 1 0 2 )  l 0 1 2 ( 8 . 9 3 - 1 1 . 3 2 )
2 83 (2.80-2.B7) 2.80 (2.76-2 85)

I  l .+75.3  (9 .797 1-13 ,153.4)  15 ,336.0  (1 I ,384.8-19 ,287.1)
80.6 (t15.5-117 7) t36.4 (84.7-titi I)
' jb. l  ( .15 :)- i7 1) 37.4 (16,1-38.t i)

481.3(47 . l .7 -491. t ) )  489.6(474.4-504,7)

3,01.4
r7  9  (56 .  I  -5e  7)
62 .7  (62 .2-63  2)

r ,820.7  ( I ,574.1-2 .067.0)
r 2  4 7  ( l  r . 3 7 - r  i . 5 6 )
2.70 (2 66-2 74)

Uo.4 (85.2-u7.0)
24.2 (23.5-25.0)

5r { .7  (523.2-546.3)

2 ,296
59.3 (57.3-rr l .3)
62.1 (6r 6-62.7)

t ,542.0  ( I ,367. ( t -1 ,716.4)
r  r .52  (10 .33- r2 .70)
2.84 (2.79-2.88)

rJ8 5 (87.2-99.9)
20 .8  (20 .1-21 .5)

622.6 (61 1.0-634. ))

25,017 B (I3,457 2-36,578,3) 22.805.5 (I7,360.3-28,250.8)

L)ata arc means (95% (.1)
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Table3-Proportion of u'owtrls lrcalcd by pit status; rclative rish oJ heatingwith pR anel rish
dijference of healing with PIt bt quint.ile

Dalazrco/o (95% CI) and rclarivc risk (95% (-l)

ment of diabetic neut'oparhic loor ulcer-
ation. I! appears rhar PR is nrorc lil<cly to
be used in more -severe u'ounds and is
more ellective than srandard ca:'c rn these
severe wounds, However, we did hnd a
significant interacrion bctwecn rhc effec-
t iveness of PR and r lre 1:roJ;cnsity scorc
quintile.

Most patients trearerl rvith PR do not
begin this trearment ar tltelr lirsr visir. Ple-
vious studies tlrat examined the efficac)' o{
treatments for diaberic neuroparhic foot
ulceration have ofren used thc cutoffof20
weeks  o f  care  (7 -10) .  C)ur  se t rs i r i v i t y
analyses suggested Lhat there was vcry lit-
tle difference ((27o) among rhc pelcenr-
age o[patients who heaied wiLhin 26, 29,
or 32 weeks of care. 

'fhcrefore, 
u'e used

20 weeks of care ra,ith PR (32 total wceks
o[ care) as our study er]d poirlr. ln otlrer
words, patients in our trral had a I2-rveel<
prestudy observation period arrd rhcn a
2O-week treatmenr t)eriod. I his is consis-
lent with anotl'ler srilcly llri,lr suggcsrs that
the percentage of healed diabetic ncuro,
pathic foot ulcerarion levels of laftcr '-20
weeks, indicating l i tr le incrcmental irr-
creased healing after 20 u,ee]<s.

One of the importanL rc,lsons lor pcr-
forming a randomized controllcd trial is
that it can esserrrially elirniu.atc selcctiou
bias, because patients arc randoml)' as-
signed to treatmem. Pur'posclul sclectton
or selection bias reft:rs ro tlre Ikclihood
that certain rlpes rrl patier)ts (sr-rch as
lhose mole or less l ikel i  r t '  ]rcal) ure dif-
Ierentially chosen lbr treatrnen( wrth Pll,
Therelbre, the bias in an obscrvational
study, such as a case-c(rntrol study or a
cohort study, could Lrc that patients
treated with PR might have n'ounds that
are more or less liliell' to heal Llian pa-
t ients not treated q' ir l t  PR. 81, lrsirrg e pro-
pensityscore analysis rn our cohort studl',
we attempted to control for selection bias

l:ry balancing lactors between lhose pa-
tie nts $'ho l'eceived PR and those who did
not leccivc PR and then crcatinq strala
related Lo the l ikel ihood of releivinq
l)R Bccause patienr ourcolnes lor rhose
trearcd wth srandard tlierapv and PR are
conrpared on ly  w i rh in  each qu in r i l c
(rvithin parients equally lil<ely to receivc
PR rcgardless of wherher they actr.rally re-
ceived PR), selection bias-as explanred
by the measured covariates-should no
Iongcr alfect patient ourcomes.

Propensity score techniques, as well
as solne large cohort studies, have several
advantages over randomized controlled
tr ials. First,  propensity score analyses
uray be used to determine the effcctive-
ness of treatrnent, whereas randomizcd
colltrolled trials are used to es[imare rlre
eflicacy ol treatment. Effectiveness lefers
to the real-world ability of a rrearment ro
provide a bencfit, whereas effrcacy in-
voh,es []re potential benefits o[ a therapy
under ideahzed conditions. Because pa-
tients are rarell,5uf.i9.,.4 to these ideal-
rzed corrditions, effectiveness esrirnates
may be more nseful rhan efficacy esti-
nrates u,hen deciding the besr treatm€nr
options for individual patienrs. Anorher
advantage of propensity score techniques
is that they pen:rit investigar.orsro use olt-
servational data that contain far rnore in'
clividual patients oI greater diversity rhan
u'ould be possible using a large random-
ized controllcd tr-ia[, with rhe exception of
the infrequently used randomized simple
trial design. Both of these aspects of pro-
pensttl' 5s61s tcchniques, reflecting effec-
nveness mthel than efficac1u, and the fact
that thcv nermit the use of data from
thousancls-of Datients contributc to the
imploved generalizabiiity of results from
propensity score analyses over those fr olr-r
randourized controlled trials (19).

Desprte these advantages, there arc

seve ral Lrnitatrol ' rs lo propet ' isi ty score
tcchrt ir lues. Frrs[.  propcrrsity scorc tech-
triques contlcrl <-rnly lbr thc hrrorvn c:oi,ari-
atcs t l l : t t  arc jr-rciuded in the propensity
score r.r-rodcl (20). lJrus, i l  ra,c lai lcd to
include a crtval iatc thar has a substanrial
cffect otr thc plropcnsrry ofa panent to be
treated wit lr  PR, t lre rr i t  is PossibLc that the
propensity for l)ll ucaLmcnr within cach
qurntr le woulcl r lot bc cnrirely homoge-
neous. Covariat.es therl were not available
for analysis in tl'ris databasc included gly-
ccnlrc corl lr()1, htstt .rrv ol cigalctte usc,
and thc  rn rc rob io log ic  s ta tus  o f  the
lvound. llowever, becausc our properrsity
scorc nrodel already had excellcnt ability
to dlscriurinate (area urrder thc receiver-
operator curve oJ 0.90) betu,eerr the pa-
tients \4,ho wcre treated and tlrosc r-rot
treated and becanse Pl{ was uscd rn the
morc sevele paticnls, r>nr rcsults u'ould
have been l:iasecl toward not findin8 au
elfect (thc nul l) .  Arrothel l inr i tat ion of rhis
lnethodolog)' is th;rt whcrcas thc propen-
sity to receive treanncrrL is rclaLiveli'srable
within eacl i  qurrui le, ir  is uot pcrfect ly
equal throughor-rr r lre quinri lcl  thus, dif-
ferences in treatrrelrt etlect coulcl be duc
to subtle dif felencr.s ln rhc propensir) '  ro
receive t l 'eatrre nt, i .e..  resrdual coufouttd-
ing, Also, bccausc scores are derivcd fiorn
a conrbination of nrult ipie covafratcs, lhc
lndividLlal effect of eaclr covariare and its
contriburtron to tirc ovelall elfect carrnot
bc deternrined wirh statistical precision
(21 ,22) A l inal l imitat ion is rhar rhc corn-
mencenlel l l  ol  trcatn]ent wtt l l  PR is a
ruroving targer. Only thosc who srarted
trcatmenr wjth I) l{  by week I2 of cate
were corrsidered lrscrs o{ PR. Son're pa-
tients did leceive PR aft.er wcek 12, and
these would have been classificd as har-
ing usccl only standat'd care. thcreby bias-
ing our cflccr of PR towarcl the null.

1'he generalizability oI or"rr findings to
all popr-rlatiorrs o{ 1>aticnrs with diabcLic
neuroparhtc lbor nlccratjon nray be linr-
ited, becausc u,c nsed data liom specialty
rvound carc clinics rathcr r)rarr lrorl pri-
mary care provrders. Yct, given rhe large
numbers o[ patierrts lionr nrany' dillercnr
geographic locarions, these dara alc liltell,
to be gcneralizablc ro rhe lienelal popula-
t ion. In addit iou, these \VCCs are wideiy
avarlable to paticllt"s and irLe lrcquentll' a
source o( physician refelral lor pattents
with a chronrc u'ound.

Hea l th  ca le  p lov ide ls  were  no t
blinded ro rhe tre.atrnenr status o[ parients
in onr study. Thereibre, it is possible thar

Grou )2 v"ccks
i.lo I'lt:
hcaled lr

l l foporrra)11 I'R: proportirn

5  t . e  ( 47 . ) - 56 .7 )

55.0 (5 L6-58.5)
49.8 G7.0-52.7)
49.  1 (4( ;  6-5I .6)
48. : i  (46.5-50,6)

50.0 ( , l rJ .7-51.2)

RelaLivc risl< of

l

2
3
4
5
Overall

46.t ;  (4: t . ) -48 o)
166 (45  l - 4? , . 0 )
40.4 (3t : .9- .11.9)

35 2 (33 1-)6 7)
31 .6  ( 10 .0 - . 1 .1 .  )
41 .0  ( 10 . , - 4 t . 7 )

t.t4 (t .03-t .27)
r .21 (1.16-1.3+)
r . 29  ( r . 20 - t . 18 )
r.+3 (r.33-1 .52)
r .59 0.+9-1.70)
1,38 0.33-1.42)
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patrents u 'ho wclc t reatcr l  u ' i1h I 'T i  roulc i

have be en t rcated in : {  ! \ ; . , r ( 'mat ical iy  c. l i l -

Ierent way ft'ot'n tlrr,:,c thr'rr wcrc tr{raled

with st l r t rc larc l  car{ : r  a l ( )n(  l  i rc  r l i f lc : tc t l t ia l

ascerta inmenl  o l  l r taJ ing t i { ) ( : ,  l lo t  l1 lpr8-

sent  a problent ,  l ; tcut- t : ,c  rvr [ rnd l - rcal i l l l l

was  c l ocun t cn t cd  w i t l r  p l t r ) t r i g )a l l ] l s ,  ag

discussed 
' in a pro, iou: '  s t r rc l )  ( I  t i ) .  ( -on-

cems [ha[  pat icnts l r tzr tecl  wl t ] r  PI(  ) l lay

have reccivcd wourrd (:alc that w?s othcr-

wrse morc aggrcssrvc arc i lo t  I i i (c ly  prol ) -

lemat ic,  bccausc ( : ( r rar i r l lcs t l tat  ivc lu ld be

assoc ia ted  w i t h  bc t t c l  t r ca t l t t c l i t  we rc

similar for those patict-tls rr;ho rece jvcd PR

and those who did nor.

A pat ient- level  l1 ' rctar-a l ' la ly-s ls o l  fan-

dornized ct- rntro l lc t l  [ ra l5 l t rs  suggested

that wound area atrcl wolltt(l clLlrati(ln al'e

responsible for a lvt,r.tltcl l.rcinli unlil<cly tcr

hcal  rv i thrn 20 weel ts o l  calc (2t i ,27) De-

causc of  the constra)nts t t l  tht ,sc ianclotn-

ized c l in ical  t l ia ls .  r . r ' r - r t t t rds ol  h ig l icr

grade were excludccl lrotn stud)' T}rclt:-

lore, in gencral, wouncls III thc currcnt

study rvith highcr propcn:;ity to bc treated

with PR are rrorc scvcrc ar tc l  less J ikely to

heal Lhan thosc lcss lil<cly Lo l-rt treated

with PR. In lhct ,  as sccn tn Tablc 2,  ntotc

severe rvoutrds \\/erc tllc)rc lrltely to bc

l reated wi th PR. Also,  as cc,urpatcd wtth

standard care. thc tltorcr scvcre l-hc u'oul'td
( t he  h i ghe l  l hc  c l u t r t t i l e \  t hc  I a rgc r  t hc

benel l t  o[  PI I  rv i t ] r  l 'cs l )u(L l -0 l t t tProVi t rg

tlre likelihoocl of hcalit'rg rvitLlllt :',2 rvtrtrks

ol  care.  Consequcrr t ly ,  l l l ' tscd on or t r  fc-

sul ts,  PR nray be thc l i rs t  t l rcmpv fo l  d ia-

betic neuropathtc foot r-rlccraLion lhnt has

ltccn shown ro itrtltrovc thc t:hance ol'

healing {br lvounds that cxtcnd r)rloLrgh

muscle or  wounds th l t t  ar t :  cotnpl icat t :d

by  os teo rn l , c l i t i s  ( r ' t r unds  o l  h i ghc r

giade). Because thcsrc scvclc lvottucls arc

nrore likely tc) prog,rcf;s to tltc pornt that

amPutatioll is ttecr:ssal1'. lt ls lInpcrrtallt

that  PR appcars to l l l lprove the chance ol

heal ing,  l r rcsunt . rb l ;  dct  tc : rs inq t l r r :  r isk

ol  arnput i t ion.  cvct t  f r r t  p; l l l t ' l l ls  s ' i t l t  i rd-

vaucei chronic wt)llllds. Ilct:alllerttrin, of

course, may have stnriltil cllicts ol-t scvcrc

r.r,ounds, but the chnical trtals cva)r.rating

this topical  the tapv cxcl l rdcd pat ierr ts

u'ith deep wouncls (,qf()ttlts l-5 itl crrtr

study) (7-Q).

We fc-rund t]rirt PR iltlProvcs thr: Pro-
porLlon ol  d iabct lc  l le l l ro l la l l l ic  lbot  u l -

cers thaL heal aftcr 32 u't'tlis ol cal.c when

comparecl "\'ith trertnicllt r-rsing standard

care alone. The re lativt'llt:rt:fits o{ PII over

standard care Pcrslst fot rvtrrtnds ol all

sizes, and the relarive r.rsk o{ hcaling rtsitlg

PJi vclsus sLandard care rncreases with
wouncls that are larger and lTlore scvere.
I n thr: sctting ol this study, lhesc we re also
ttrc Datrents more likely to be treated with
I'R. Therelore, PR represents an effcctivc
Lrcatnrcnt lor diabeLic neuropathic foot
rrlc(ratron. PII also appears to be cfl:ctLve
ir-r scverc woutids, and rttay therefore play
:rn impottant role in prevcnting amlluta-
rirrrr. (Jur findings a'lso have implications
lirr [r.rturc g,rowth-lactol' studies: instead
ol cxcluding patients with the tnost severe
u'ounds. such patients should bc Ln-
cludcd, bccause l[ seems that tlre relative
cl{cct of PR and poLenLial ly other glorvt lr
[a<tor '-mcdiatcd treatlnents is Sreatesl l l )
t l ) i '  rnosl sevele wounds. Future studies
-shr.'ulcl include and perhaps locus oti
those patierl$ with the largest and deep-
cst wounds, because these wounds are
rnt're ltkely to progress to amputatioll,
arrd they appear to have a grealer relative
Icsponse to the use of PR and perhaps the
nsc ol other growth-factor lhcrapies.
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