
M
ore than 20.8 million persons in the US have
diabetes mellitus; 2002 data estimates from
the Cen ters for Disease Con trol and

Prevention indicate that 82,000 lower limb amputations

were performed in pers ons with diabete s .1 Ch a racteri s ti c
p a t h o l ogical ch a n ges attri buted to auton omic and sen s ory
n eu rop a t hy, of ten com bi n ed with vascular disease, l e ad to a
h i gh - risk situ a ti on for the pers on with diabete s .2 , 3 Pers on s
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Nonhealing diabetic foot ulcers are a common cause of amputation. Emerging cellular therapies such as platelet-rich plasma gel provide
ulcer management options to avoid loss of limb.The purpose of this prospective, r a n d o m i z e d , c o n t r o l l e d , b l i n d e d , multicenter clinical study
was to evaluate the safety and efficacy of autologous platelet-rich plasma gel for the treatment of nonhealing diabetic foot ulcers . One hun-
d re d , twenty-nine (129) patients were screened; 72 completed a 7-day screening period and met the study inclusion criteria.Patients were
randomized into two groups — the standard care with platelet-rich plasma gel or control (saline gel) dressing group — and eva l u a t e d
biweekly for 12 weeks or until healing. Healing was confirmed 1 week following closure and monitored for another 11 weeks. An inde-
pendent audit led to the exclusion of 32 patients from the final per-protocol analysis because of protocol violations and failure to com-
plete tre a t m e n t . In the 40 wounds per-protocol group, 13 out of 19 (68.4%) of the platelet-rich plasma gel and nine out of 21 (42.9%) of
the control wounds healed. After adjusting for wound size outliers (n = 5), significantly more platelet-rich plasma gel (13 out of 16, 8 1 . 3 % )
than control gel (eight out of 19, 42.1%) treated wounds healed (P = 0.036, Fi s h e r ’s exact test). Kaplan-Meier time-to-healing also wa s
significantly different between groups (log - r a n k , P = 0.0177). No tre a t m e n t - related serious adverse events were re p o rted and bovine
thrombin used in the preparation of PRP did not cause Factor V inhibition. When used with good standards of care , the majority of non-
healing diabetic foot ulcers treated with autologous platelet-rich plasma gel can be expected to heal.
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who have had su ch pathology and ex peri en ce trauma or
i n fecti on are at high risk for devel oping ulcera ti on of t h e
foot or ankle. Pecora ro et al4 doc u m en ted the causal path-
w ay of an amput a ti on and found that in 81% of c a s e s
f a u l ty wound healing con tri buted to amput a ti on .
He a l t h c a re practi ti on ers should uti l i ze wound tre a tm en t s
that can redu ce the ra te of f a u l ty wound healing; t hu s ,
preven ting amput a ti on s .

According to the Am erican Di a betes As s oc i a ti on , m ore
than 60% of n on tra u m a tic lower-limb amput a ti ons occ u r
in people with diabete s ; the ra te of a m p ut a ti on for peop l e
with diabetes is 10 times high er than for people wi t h o ut
d i a bete s ; Mexican Am ericans are 1.8 times as likely, n on -
Hispanic Bl acks are 2.7 times as likely, and Am eri c a n
Indians are three to four times as likely to ex peri en ce
l ower-limb amput a ti on s . Am p ut a ti on ra tes are 1.4 to 2.7
times high er in men than wom en with diabete s .5 Fryk ber g
et al6 c i tes a 1998 stu dy of 67,000 diabete s - rel a ted lower
ex trem i ty amput a ti on (LEA) and a similar stu dy that
re su l ted in a total of 984,000 hospital days , e ach length of
s t ay avera ging 15 days . Nonhealing diabetic foot ulcers
and the re su l ting po ten tial amput a ti ons pre s ent sign i f i-
cant costs to the healthcare sys tem and redu ce pati en t
qu a l i ty of l i fe .

The goal of d i a betic foot ulcer tre a tm ent is to obt a i n
wound cl o su re as ex ped i ti o u s ly as po s s i bl e . Accepted ther-
a peutic obj ectives and standards of c a re for diabetic foo t
u l cers inclu de wound debri dem en t ,
pre s su re rel i ef in the wound are a ,
a ppropri a te wound managem en t
( eg, m oist wound healing), i n fecti on
m a n a gem en t , i s ch emia manage-
m en t , m edical managem ent of
com orbi d i ti e s , and su r gical man-
a gem ent as needed .6 E m er ging cel-
lular therapies su ch as platel et - ri ch
plasma (PRP) can have an ad ju n c-
tive role in a standard i zed , qu a l i ty
tre a tm ent plan.

P l a tel et rel e a s a te s , i n clu d i n g
mu l tiple growth factors , h ave been
u s ed to treat wounds since 1985. In
vivo pro s pective con tro ll ed stu d i e s
as well as retro s pective and co s t
ef fectiveness studies doc u m en ti n g
the ef fect of this thera py have been

p u bl i s h ed .7 - 2 1 In vi tro re s e a rch has shown that platel et s
contain com pon ents and properties for wound healing2 2;
l i kewi s e , plasma contains fibrin matri x .2 3

In 2001, Ma r go l i s2 4 p u bl i s h ed a retro s pective stu dy
a n a lyzing the tre a tm ent re sults of 26,599 pati ents wi t h
d i a betic neu ropathic foot ulcers  who had been tre a ted
with an auto l ogous platel et rel e a s a te . The re sults su gge s t
that platel et rel e a s a te provi ded with standard i zed care was
m ore ef fective than standard care alon e .

The purpose of the current stu dy was to determine the
s a fety and ef fectiveness of tre a ting diabetic foot ulcers
with PRP gel versus a con trol tre a tm ent (normal saline
gel ) . The pri m a ry obj ective of the 12-week stu dy was to
com p a re the safety and inciden ce of com p l ete wound cl o-
su re bet ween PRP gel- and con tro l - tre a ted wounds at the
end of the stu dy. Secon d a ry obj ectives inclu ded com p a r-
ing the ra te of wound healing du ring the 12-week stu dy
and inciden ce of wound rec i d ivism among healed ulcers
du ring a 3-month fo ll ow-up peri od . Sa fety va ri a bl e s
i n clu ded adverse even t s , s erious adverse even t s , and cl i n i-
cal labora tory te s t s .

Study Design and Methods
This pro s pective , ra n dom i zed , con tro ll ed , do u bl e -

bl i n ded , mu l ti cen ter trial was con du cted under the US
Food and Drug Ad m i n i s tra ti on (FDA) Inve s ti ga ti on a l
Devi ce Exem pti on (IDE) reg u l a ti on s . Con s tella Cl i n i c a l

June 2006   Vol. 52   Issue 6 69

KEY POINTS
• While some foot ulcers in persons with diabetes mellitus will heal within a reason-

able period of time when optimal care is provided, others will not; thus, increasing
the risk of complications such as amputation.

• To test the safety and efficacy of autologous platelet-rich plasma (PRP) gel in the
treatment of chronic nonhealing diabetic foot ulcers, researchers randomly
assigned persons with nonhealing diabetic foot ulcers to a 12-week treatment peri-
od of offloading and control or offloading and PRP gel.

• No short-term or long-term (24-week) safety concerns were observed but a variety
of protocol violations reduced the power of the study to detect statistically signifi-
cant differences.

• In the total group, 68% of PRP gel and 43% of control gel treated wounds healed.
When standardized for baseline size, the proportion of wounds healed was signifi-
cantly different (81% versus 42%).

• The results of this controlled study suggest that, as part of an overall program of
optimal care, PRP gel is more effective than non-PRP gel. The results also confirm
the appropriateness of using moisture-retentive control dressings in all chronic
wound studies.
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In form a tics (Du rh a m , NC) served as the Cl i n i c a l
Re s e a rch Orga n i z a ti on (CRO) to implem ent and mon i tor
the tri a l , ga t h er the data into a cen tral database, and audit
the data. A data safety mon i toring boa rd provi ded eva lu-
a ti ons of the safety - rel a ted events thro u gh o ut the tre a t-
m ent phase of the stu dy. In depen dent stati s ticians were
con tracted to initi a lly power the stu dy, devel op the stati s-
tical plan, and analy ze the safety and ef fectiveness data.

Fo u rteen (14) inve s ti ga tive sites from ac ross the co u n-
try parti c i p a ted in the stu dy. Si tes inclu ded wound care
phys i c i a n s’ and pod i a tri s t s’ of f i ce s , o utp a ti ent wound care
cen ters , a univers i ty - b a s ed co ll ege of pod i a tric med i c i n e
cl i n i c , Vetera n’s Ad m i n i s tra ti on wound care cl i n i c s , a n d
an Army hospital limb pre s erva ti on progra m . E ach site
obt a i n ed IRB approval to con du ct the stu dy.

St u dy el i gi b i l i ty. Pers ons with type 1 or type 2 diabete s
bet ween the ages of 18 and 95 with an ulcer of at least 4-
wee k s’ du ra ti on were el i gi ble for the stu dy if t h ey met
ad d i ti onal inclu s i on / exclu s i on cri teri a : h em ogl obin A 1 C
< 1 2 ; i n dex foot ulcer loc a ted on the plantar, m ed i a l , or
l a teral aspect of the foot (including all toe su rf ace s ) ; a n d
wound area (length x width) measu rem ent bet ween 0.5
c m2 and 20 cm2, i n clu s ive . Wounds loc a ted under a
Ch a rcot deform i ty had to be free of ac ute ch a n ges and
must have under gone appropri a te stru ctu ral con s o l i d a-
ti on . The index ulcer had to be cl i n i c a lly non i n fected
( a l t h o u gh a cultu re was obt a i n ed , i n fecti on was diagn o s ed
t h ro u gh clinical signs and sym ptoms ra t h er than cultu re
re su l t s2 5) and full - t h i ckness wi t h o ut ex po su re of bon e ,
mu s cl e , l i ga m en t s , or ten dons (Un ivers i ty of Tex a s
Tre a tm en t - Ba s ed Di a betic Foot Cl a s s i f i c a ti on Sys tem :
Grade 1 A2 6) .

The pro tocol requ i red that post debri dem ent the ulcer
would be free of n ec ro tic debri s , forei gn bod i e s , s i nu s
tract s , tu n n el i n g, and underm i n i n g ; com pri s ed of h e a l t hy
va s c u l a ri zed ti s su e ; and at least 4 cm from any ad d i ti on a l
wo u n d . Ad d i ti on a lly, the limb had to have adequ a te per-
f u s i on as shown by ex a m i n a ti on and non - i nva s ive va s c u-
lar te s ting ankle brachial index (ABI) and toe brach i a l
i n dex (T B I ) . Wom en of ch i l d be a ring age could not be
pregnant or lact a ti n g ; both men and wom en had to be
wi lling to use a med i c a lly accepted form of bi rth con tro l
t h ro u gh o ut the trial and for 6 months fo ll owi n g. Pa ti en t
h i s tory, physical ex a m i n a ti on (including a Sem m e s -
Wei n s tein mon of i l a m ent test for neu rop a t hy ) , and bl ood
for baseline labora tory studies were obt a i n ed .

Approved , i n form ed , s i gn ed con s ent sti p u l a ting that
the pati ent was able to com p ly with all spec i f i ed care and
visit requ i rem ents was sec u red from the pati en t , c a regiv-
er, or legal repre s en t a tive before stu dy en ro ll m en t . Th e
Inve s ti ga tor doc u m en ted re a s on a ble ex pect a ti on that the
p a ti ent was med i c a lly stable and capable of com p l eti n g
the stu dy. S tu dy exclu s i on cri teria are listed in Ta ble 1.

Af ter meeting all initial inclu s i on cri teria and signing the
i n form ed con s en t , a ll pati ents com p l eted a 7-day screen-
i n g - peri od . This inclu ded initial exc i s i on / debri dem en t ,
b a s eline wound measu rem ents and eva lu a ti on , and app l i-
c a ti on of the con trol saline gel to the wo u n d . For standard-
i z a ti on , s h a rp debri dem ent guidelines were provi ded as
p a rt of the pro toco l . Pa ti en t s , a family mem ber, or other
de s i gn a ted parties were provi ded su pplies and instru cted to
ch a n ge the dre s s i n gs on ce midw ay thro u gh the screen i n g
peri od . The pati ent also was requ i red to use a fixed ankle-
foot orthoses that could be rem oved for the dre s s i n g
ch a n ge and at nigh t . Crutches or a walker were used for
ad ded safety. S c reening data were captu red on case report
forms (CRFs) for data analys i s . Pa ti ents whose wo u n d s
redu ced in area by >50% du ring the screening peri od were
not ra n dom i zed to tre a tm ent and discon ti nu ed from any
f u rt h er stu dy parti c i p a ti on because they appe a red to be
a ble to heal wi t h o ut more adva n ced interven ti on .

Ra n dom i z a ti on and blinding procedu re s . The ra n-
dom i z a ti on sch edule was el ectron i c a lly gen era ted ,
bl ocked per inve s ti ga ti onal cen ter, and provi ded to the site
by the con tract re s e a rch or ga n i z a ti on (CRO ) . E ach el i gi-
ble stu dy participant was assign ed to one of t wo tre a tm en t
gro u p s , PRP or con tro l , and received the next ava i l a bl e
con s ec utive ra n dom i z a ti on nu m ber. E ach site had on e
de s i gn a ted “u n bl i n ded ” pers on to treat the pati ent (also
bl i n ded) and maintain doc u m ents in a sec u re priva te are a
to maintain blinding of the inve s ti ga tor, i nve s ti ga tive site
s t a f f , p a ti en t , s pon s or, and CRO staff and mon i tor. Th i s
pers on did not parti c i p a te in any other aspect of t h e
p a ti en t’s care . The bl i n ded inve s ti ga tors and staff m e a s-
u red the wo u n d s ; perform ed all te s t s , a s s e s s m en t s , a n d
debri dem en t ; and determ i n ed wound cl o su re . A stra tegi-
c a lly placed dra pe pro h i bi ted the pati ent from seei n g
wh i ch tre a tm ent was app l i ed to the wo u n d . Bl ood was
d rawn from both the tre a tm ent and con trol pati ents to
maintain bl i n d i n g.

PRP prep a ra ti on proce s s . The PRP sep a ra ti on sys tem
uti l i zed in the stu dy is a newer gen era ti on , poi n t - of - c a re
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s ys tem for processing auto l ogous platel ets and plasma to
be used for the tre a tm ent of n onhealing wo u n d s . This sys-
tem is com pri s ed of t wo com pon en t s : a small , port a bl e
cen tri f u ge to sep a ra te whole bl ood into PRP and a con-
ven i en ce kit that inclu des items for the bl ood draw, pro-
ce s s i n g,and PRP gel app l i c a ti on . The platel et - ri ch plasma
gel (Auto l o G el™, Cytom ed i x , In c , Rock vi ll e , Md) was used
to treat pati ents in the tre a tm ent gro u p. Wounds in the
con trol group were tre a ted with a saline gel (Norm l gel®,
M ö l n lycke Health Ca re , Norc ro s s , G a ) . Ei t h er PRP gel or
saline gel was app l i ed to the prep a red wound bed .

The first step of the PRP sep a ra ti on process inclu ded
performing a ven i p u n ctu re to draw <20 mL of bl ood ,
depending on the wound size , f rom the pati en t . The bl ood
was spun in a small , port a ble cen tri f u ge for 1.5 minutes to
s ep a ra te the PRP from the whole bl ood . The PRP was
ex tracted into a syri n ge wh ere re a gents were ad ded to
activa te the platel ets and plasma as well as to ach i eve
proper gel con s i s tency (gel con s i s tency was usu a lly
a t t a i n ed within 15 to 30 secon d s ) ; the gel then was imme-
d i a tely app l i ed to the wo u n d . A con t act layer dressing was
a pp l i ed over the gel . A foam dressing (non - a b s orben t
s i de) was placed over the con t act dressing layer so the PRP
gel was not absorbed . This was covered with the
a b s orbent side of a foam dressing (to absorb any leaking
wound ex u d a tes) and sec u red . For pro tecti on , b a rri er
c ream was placed on intact skin su rrounding the wo u n d .

For pati ents ra n dom i zed to the con trol gro u p, n orm a l
saline gel was app l i ed to the wound fo ll owing wound bed
prep a ra ti on . Similar to PRP gel app l i c a ti on , a con t act layer
d ressing was app l i ed over the saline gel , fo ll owed by the
n on - a b s orbent side of a foam dre s s i n g, and covered wi t h
the absorbent side of a foam dressing before being sec u red .

Clinical eva lu a ti ons and procedu re s . Wounds were
a s s e s s ed and measu red (len g t h , wi d t h , and depth using a
m etric tape measu re at each vi s i t . The measu rem ents and
o t h er wound va ri a bles including undermining or tu n n el-
i n g, ch a racteri s tics of wound ex u d a tes (ie, pre s en ce , co l or,
a m o u n t , and odor ) , n ec ro tic ti s su e , and gra nu l a ti on ti s su e
were doc u m en ted .2 7 Re sults rel evant to ad d i ti onal va ri-
a bl e s / f i n d i n gs wi ll be publ i s h ed in a sep a ra te paper.

Ca re and managem ent ef forts provi ded at each tre a t-
m ent visit inclu ded cleansing and assessing the wound and
obtaining vital signs and an interim wound history, i n clu d-
ing inform a ti on rega rding adverse even t s , con com i t a n t
m ed i c a ti on s , nutri ti on and wei gh t - be a ring statu s , a n d
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TABLE 1
STUDY EXCLUSION CRITERIA

• Patient currently enrolled in another inve s t i gational device or
d rug trial or previously enrolled (within last 30 days) in
i nve s t i ga t i ve research of a device or pharmaceutical age n t

• Ulcer decreased ≥50% in area during 7-day screening
p e r i o d

• Ulcer is due to non-diabetic etiology
• Pa t i e n t ’s blood vessels are non-compressible for ABI testing
• Evidence of ga n grene in ulcer or on any part of the foot
• Patient has radiographic evidence consistent with diagnosis

of acute Charcot foot 
• Patient is currently receiving or has received radiation or

c h e m o t h e r a py within 3 months of randomization
• To p i c a l , o r a l , or IV antibiotic/antimicrobial agents or medica-

tions have been used within 2 days (48 hours) of 
r a n d o m i z a t i o n

• Patient has received gr owth factor therapy (eg, a u t o l o go u s
platelet-rich plasma ge l , b e c a p l e rm i n , b i l ayered cell therapy,
d e rmal substitute, extracellular matrix) within 7 days of ran-
d o m i z a t i o n .

• Screening serum albumin level <2.5 g/dL
• Screening hemoglobin <10.5 mg/dL
• Screening platelet count < 100 x 109/L
• Patient is undergoing renal dialysis, has known immune

i n s u f f i c i e n c y, k n own abnormal platelet activation disorders —
i e , gr ay platelet syndrome, l i ver disease, a c t i ve cancer
(except remote basal cell of the skin), e a t i n g / n u t r i t i o n a l ,
h e m a t o l o g i c , c o l l a gen vascular disease, rheumatic disease,
or bleeding disorders

• H i s t o ry of peripheral vascular repair within the 30 days of
r a n d o m i z a t i o n

• Patient has known or suspected osteomye l i t i s
• Surgical correction (other than debridement) required for

ulcer to heal
• Index ulcer has exposed tendons, l i ga m e n t s , m u s c l e , o r

b o n e
• Patient is known to have a psychological, d eve l o p m e n t a l ,

p hy s i c a l , e m o t i o n a l , or social disorder, or any other situation
that may interfere with compliance with study requirements
and/or healing of the ulcer 

• H i s t o ry of alcohol or drug abuse within the last year prior to
randomization 

• Patient has inadequate venous access for blood draw
• Patient has a religious or cultural conflict with the use of

platelet gel treatment



o t h er aspects of c a re since the last vi s i t . A fac i l i ty de s i gn ee
perform ed ph l ebo tomy; the unbl i n ded pers on perform ed
a ll su b s equ ent gel proce s s i n g. The principal inve s ti ga tor,
who did not ob s erve tre a tm ent procedu re s , d i rected
wound care provi s i on du ring the care vi s i t .

The need for con s i s tency in produ ct app l i c a ti on and
m a i n ten a n ce of the blinding process dict a ted that dre s s-
i n gs were app l i ed on ly at the Inve s ti ga tor ’s site except for
the provi s i on of a on e - time dressing ch a n ge at hom e
should circ u m s t a n ces prevent clinic atten d a n ce . Pa ti en t s
retu rn ed twi ce wee k ly at 3- or 4-day interva l s ; procedu re s
and processes de s c ri bed were perform ed at each visit for a
m a x i mum of 12 wee k s . Tre a tm ent con ti nu ed until the
wound healed , the 12-week tre a tm ent phase was com-
p l ete , or pati ent stu dy parti c i p a ti on was term i n a ted by the
Inve s ti ga tor, s pon s or, or because the pati ent wi t h d rew
con s ent or failed to retu rn for vi s i t s .

To eva lu a te safety, clinical labora tory tests were con-
du cted thro u gh o ut the stu dy to determine the impact of
tre a tm ent interven ti ons (see Ta ble 2). Ex pected or unex-
pected adverse events (AE) that occ u rred du ring the
co u rse of the stu dy, wh et h er ob s erved by the Inve s ti ga tor
or by the pati en t , were reported in det a i l . The Inve s ti ga tor
m on i tored the pati ent for AEs or lab abn orm a l i ties unti l
the para m eter retu rn ed to normal or it was determ i n ed
that fo ll ow-up was no lon ger nece s s a ry.

E n d - of - trea tm ent visit procedu re s . Wh en the
Inve s ti ga tor pron o u n ced the wound cl o s ed — ie, 1 0 0 %
ep i t h el i a l i zed — the pati ent was sch edu l ed for a visit 1

week later but asked to con-
ti nue we a ring the of f l oad-
ing orthosis walker. At this
visit, if the wound had
reopen ed , the pati ent was
re - en tered into the stu dy at
the same ti m eline (coi n-
ciding with the retu rn vi s i t
for con ti nu ed care) and
con ti nu ed until the wo u n d
ei t h er healed or until wee k
1 3 , visit 1 wi t h o ut healing.
If the wound stayed healed
a f ter the 1-week interva l ,
the pati ent en tered the fo l-
l ow-up phase and retu rn ed
a f ter 3, 7 , and 11 wee k s .

Du ring this 3-month fo ll ow-up ph a s e , the healed wo u n d
was eva lu a ted for bre a k down and the pati ent was qu eri ed
rega rding adverse even t s .

At the end of the 12-week tre a tm ent peri od , u n h e a l ed
wounds were tre a ted per physician pro toco l . The pati en t
was disch a r ged from the site for fo ll ow-up at a fac i l i ty of
h i s / h er ch oi ce . All participants were asked to retu rn for
final Factor V te s ting at week 24 po s t - ra n dom i z a ti on date .
E n d - of - s tu dy occ u rred at com p l eti on of the week 24 cl i n i-
cal lab eva lu a ti on , wi t h d rawal of p a ti ent con s en t , or de a t h
of the pati en t . Pa ti ent procedu re s / i n s tru cti ons were repe a t-
ed , i n cluding a com p l ete history and physical ex a m i n a ti on
with te s ting of pedal pulses, vascular te s ting (ABI and TBI),
Sem m e s - Wei n s tein mon of i l a m ent te s ti n g, l a bora tory te s t s ,
d ressing ch a n ge as per the Inve s ti ga tor ’s order, and edu c a-
ti on with a discussion of h e a l t h c a re opti ons (see Figure 1).

Statistical Analysis 
Healing ra te . The power of the stu dy was determ i n ed

b a s ed on two data source s . The PRP gel healing ra te was
determ i n ed from the healing ra te in an unpubl i s h ed dia-
betic foot ulcer retro s pective stu dy2 8 and feed b ack from
clinicians who had used the PRP gel .2 9 The con trol gro u p
healing ra te was based on a met a - a n a lysis of healing ra te s
in the con trol groups of 10 pro s pective stu d i e s .3 0

Sample size . To determine the sample size , the ex pect-
ed proporti on of p a ti ents with com p l etely cl o s ed wo u n d s
was determ i n ed to be 0.60 ("t) in the PRP gel arm and
0.20 ("c) in the con trol arm . To calculate the sample size ,
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TABLE 2
LABORATORY STUDIES’ SCHEDULE

Laboratory Parameter

Complete blood count
Chemistry 7 panel,
serum albumin

HgbA1C
Partial thromboplastin
time, prothrombin
time, thrombin time

Antibody for Factor V
Fibrinogen
Antigenic fibrinogen

B a s e l i n e /
S c r e e n i n g

X
X

X
X

X
X

PRN positive
fibrinogen

q2 Weeks During
Treatment

X
As needed

X

6 Weeks 

X
X

X (if during
treatment)

X

12 Weeks

X
X

X (if during
treatment)

X

24 Weeks

X

X



the fo ll owing nu ll hypothesis (H0) and the altern a tive
hypothesis (HA) were formu l a ted :

H0: "t = "c versus HA: "t ≠ "c .
A Fisher’s exact test with a 0.050, two-sided signifi-

cance level would have 80% power to detect the differ-
ence between PRP gel proportion, "t, of 0.60 and con-
trol proportion,"c, of 0.20 when the sample size in each
arm of treatment is 27 (ie, a total of 54 patients). The
sample size was increased from 54 to 72 patients to
accommodate drop-outs.

The pri m a ry ef f i c acy va ri a ble was the proporti on of
p a ti ents with a healed wo u n d . F i s h er ’s ex act test was
a pp l i ed to com p a re the two tre a tm ents for proporti on s

h e a l ed within each group of
i nve s ti ga tive sites and all
groups com bi n ed .

Because of va ryi n g
en ro ll m ent at each site
( bet ween one and 14
p a ti en t s ) , s i tes were gro u ped
for analysis purpo s e s
according to provi der set-
ting and dem ogra ph i c s
( Groups I to V) . Due to the
va rying natu re of i nve s ti ga-
tive sites and their abi l i ty to
en ro ll pati en t s , s i tes were
gro u ped into five categori e s :
te aching fac i l i ti e s , a rmy
f ac i l i ty, physicians in priva te
practi ce (two site s ) , a n d
a m bu l a tory care cl i n i c s . Th e
goal was to en ro ll ei ght to 21
p a ti ents in each gro u p.
Re sults from the indepen d-
ent audit el i m i n a ted all
p a ti ents in one gro u p, l e av-
ing four groups for per pro-
tocol (PP) analys i s .

Odds ra ti o / con f i den ce
l evel . The odds ra tio and
95% con f i den ce interval for
e ach group were calculated
for the proporti on of
p a ti ents with healed
wo u n d s . The Ma n tel -

Haen s zel (M-H) com bi n ed odds ra tio (com bining over
groups) along with the 95% con f i den ce interval was cal-
c u l a ted . In ad d i ti on , the M-H test for hom ogen ei ty of
odds ra tios of groups was perform ed . The M-H met h od
was used to test the hypothesis wh et h er the M-H com-
bi n ed odds ra tio was on e .

Ad d i ti onal va ri a bl e s . Ot h er ef f i c acy va ri a bles were 1)
percent ch a n ge in wound area at en d - of - s tu dy vi s i t
( E O S V) from baseline (BL); 2) percent ch a n ge in wo u n d
vo lume at EOSV from BL; 3) area cl o su re ra te per day at
E O S V; and 4) vo lume cl o su re ra te per day at EOSV. Th e s e
ef f i c acy va ri a bles were of con ti nuous type . For each of t h e
va ri a bl e s , the two tre a tm ents were com p a red using
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Figure 1. Trial profile.

Assessed for Eligibility
(n = 129)

Intent to Treat
Randomization (n = 72)

Randomized to Treatment Arm
(n = 40)

Total Per Protocol Treatment Group
(n = 19)

Healed Wounds Entered 3-Month Fo l l o w - u p
(n = 13)

Healed Wounds Entered 3-Month Fo l l o w - u p
(n = 9)

Total Per Protocol Control Group 
(n = 21)

Randomized to Control Group
(n = 32)

Excluded
Patient withdrawal

Failure to meet inclusion/exclusion criteria (n = 57)

Independent Site Audit Documentation
Patients Excluded Due to: Failure to Complete Treatment 

(n = 8); Protocol Violations (n = 24)



S tu den t’s t- te s t . The stati s tical tests were perform ed using
s of t w a re pack a ge STATA , Release 8.2 (Stata Corpora ti on ,
Co ll ege Stati on , Tex ) .

Ka pl a n - Mei er. In ad d i ti on , the Ka p l a n - Mei er3 1 , 3 2 prod-
u ct-limit met h od was used to analy ze time to healing of
the PP wounds and the majori ty of wound sizes dataset .
Ka p l a n - Mei er functi ons or curves of the PRP gel and con-
trol groups were obt a i n ed for each dataset . The log - ra n k
test was used to test the hypothesis that the Ka p l a n - Mei er
healing functi ons are the same ac ross the two tre a tm en t s .

La b o ra to ry safety. To eva lu a te clinical labora tory safety,
ob s erved va lues at each visit and ch a n ges from baseline at
po s t - b a s eline visits and en d point were su m m a ri zed
de s c ri ptively (nu m ber (n), m e a n , s t a n d a rd devi a ti on
( S D ) , m i n i mu m , m ed i a n , m a x i mum) for each tre a tm en t
gro u p. Re sults bet ween tre a tm ents at the en d point were
com p a red using non - p a ra m etric analysis of va ri a n ce
tech n i ques (Wi l coxon Rank Sum Te s t , t wo - s i ded ) .

Shift analyse s . The nu m ber and percent of p a ti ents from
e ach tre a tm ent group that shifted in and out of n orm a l
ra n ge from baseline to en d point were calculated for each
l a bora tory va ri a bl e . To com p a re tre a tm ents for import a n t
shift ch a n ge s , the nu m ber of p a ti ents whose labora tory
re sults shifted from NORMAL or LOW at baseline to
HIGH at en d point and those shifting from NORMAL or
HIGH at baseline to LOW at en d point were com p a red in
s ep a ra te 2 x 2 tables and differen ces were te s ted for stati s ti-
cal sign i f i c a n ce using two - s i ded Fisher ’s ex act te s t s . Pa ti en t s
whose labora tory re sults did not shift from baseline ra n ge
or who were NORMAL at en d point were analy zed toget h-
er with those that had out of ra n ge shifts via ex act tests to
com p a re tre a tm ent groups (Ex act test for row [R] x co l-
umn [C] tabl e s ) . With these three sep a ra te analys e s , va ri-
a bles can be eva lu a ted ei t h er for single directi on shifts of
i n terest or shifts in ei t h er directi on , wh en both HIGH and
LOW devi a ti ons may be of s i gn i f i c a n ce .

R e s u l t s
In i ti a lly, 129 pati ents provi ded In form ed Con s en t

forms and parti c i p a ted in active screening (see Figure 1).
O f these pati en t s , 57 (44%) were dropped from the stu dy
due to redu cti on in the wound size of ≥ 50% du ring the
7 - d ay screening peri od or for failu re to meet the inclu-
s i on / exclu s i on cri teri a . Ul ti m a tely, 72 pati ents were
en ro ll ed , e ach pati ent having one wound (index ulcer )
de s i gn a ted for stu dy inclu s i on .

74 OstomyWound Management



In the intent-to-treat (ITT) population, the mean and
standard deviations (SD) for age, HgbA1C, wound area,
and volume in the two treatments were not significantly
different, but the wound volume in the PRP gel group
was significantly more variable than in the control group
(SDs 4.1 versus 1.2, P <0.0001) (see Table 3). Ulcer loca-
tion information was missing for nine patients (three in
PRP gel group and six in the control group). No signifi-
cant differences in patient demographics, wound distri-
bution, or ulcer location were observed between the two
treatment groups (additional data to be analyzed in a
future publication). For purposes of the ITT analyses,
the ITT pop u l a ti on com pri s ed all active pati ents wh o
com p l eted the stu dy as well as those who were lost to fo l-
l ow - u p, f a i l ed to com p l ete the tre a tm en t , or had pro tocol

violations. In the ITT group, 13 out of 40 patients
(32.5%) in the PRP gel and nine out of 32 patients
(28.1%) in the control group had completely healed
wounds after 12 weeks (P = 0.79). Because the results of
the ITT analyses did not seem to reflect previous clinical
outcomes, the study sponsor commissioned an inde-
pendent audit to ensure study compliance with Good
Clinical Practices (GCP) at the investigative sites.

Du ring the audit, p a ti ent source doc u m en t s , Ca s e
Report Forms (CRF), and other stu dy source doc u m en t s
were revi ewed . F ive obj ective cri teria were devel oped
a gainst wh i ch all audited pati ent records were eva lu a ted .
The pro tocol vi o l a ti ons that caused exclu s i on of p a ti en t s
i n clu ded use of the wrong cen tri f u ge (causing the pati en t
not to receive the ri ght tre a tm ent — ie, PRP gel ) ; l ack of
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TABLE 3
INTENT TO TREAT GROUP: PATIENT DEMOGRAPHIC AND BASELINE WOUND VARIABLES

* NS = not significant (P >0.05)
† Demographic / ulcer location variables not statistically significantly different between groups

Variable PRP Gel (n = 19) Control (n= 21) P value
N Mean SD Min Max N Mean SD Min Max

Patient
Age (years) 40 56.4 10.2 31.0 75.0 32 57.5 9.1 45.0 86.0 NS*

Hgb A1C 37 8.1 1.8 5.5 13.1 30 8.0 1.8 5.0 11.5 NS
Wound
Area (cm2) 40 4.0 5.3 0.4 24.0 32 3.2 3.5 0.5 15.8 NS
Volume (cm3) 40 1.7 4.1 0.1 24.8 32 0.9 1.2 0.1 5.4 NS

Treatment
Characteristics Total

PRP Gel (n = 40)† Control (n= 32)†

No. of patients Percent No. of patients Percent No. of patients Percent
Sex
Male 32 80.00 27 84.38 59 81.94
Female 8 20.00 5 15.63 13 18.06

Race
Caucasian 26 65.00 18 56.25 44 61.11
Hispanic 8 20.00 9 28.13 17 23.61
Black 5 12.50 3 9.38 8 11.11
Other, specify 1 2.50 2 6.25 3 4.17

Foot
Right 23 57.50 18 56.25 41 56.94
Left 17 42.50 14 43.75 31 43.06

Location
Toe 13 32.50 14 43.75 27 37.50
Heel 18 45.00 10 31.25 28 38.89
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s o u rce doc u m en t a ti on to su pport case report form en tri e s ; and inclu s i on of
p a ti ents and/or wounds that did not meet the inclu s i on / exclu s i on cri teri a .
The predeterm i n ed stati s tical plan iden ti f i ed that analysis would be per-
form ed on pati ents who com p l eted tre a tm en t ; t hu s , p a ti ents with early ter-
m i n a ti on due to re a s ons unrel a ted to the index wound and pati ents lost to
fo ll ow-up also were exclu ded from the PP analys i s .

Si te audits reve a l ed that 32 out of 72 pati ents (44%) had pro tocol vi o l a-
ti ons or did not meet the cri teria for parti c i p a ti on thro u gh o ut the co u rse of
the stu dy. O f the 32 exclu ded pati en t s , 24 (75%) had pro tocol vi o l a ti ons and
ei ght (25%) failed to com p l ete tre a tm en t . The pro tocol vi o l a ti ons appe a red
to affect outcom e s ; t hu s , the PP dataset , at audit com p l eti on , became the pri-
m a ry dataset for analysis — 19 pati ents were in the PRP gel group and 21
p a ti ents were in the con trol gro u p. These pati ent outcomes ref l ect
p a ti en t s / wounds tre a ted PP.

In the PP gro u p, on ly the proporti on of Caucasian versus non - Ca u c a s i a n
p a rticipants was sign i f i c a n t ly different (P = 0.02). The proporti on of
Caucasians was sign i f i c a n t ly high er in the PRP gel gro u p. No stati s ti c a lly sig-
nificant differen ce bet ween the PRP gel group and the con trol group rel a ted
to age , H g b A 1 C , wound are a , wound vo lu m e , s ex , or wound loc a ti on were
ob s erved . This is the same as the ITT group (see Ta ble 4). ( Ad d i ti onal differ-
en ces bet ween baseline findings for other wound va ri a bles wi ll be ad d re s s ed
in a later publ i c a ti on . )

Efficacy outcom e s . In the PP dataset , 13 of 19 (68.4%) pati ents in PRP gel
and nine out of 21 (42.9%) pati ents in the con trol group healed (P = 0.125,
t wo - s i ded Fisher ’s ex act te s t ) . The 95% CI for the percent proporti on of com-
p l etely healed wounds was 47.5% to 89.3% and 21.7% to 64.0% for PRP gel
and con trol gro u p s , re s pectively. The Ka p l a n - Mei er median time to com p l ete
cl o su re was 45 days for PRP gel com p a red to 85 days for con trol (log - ra n k
te s t , P = 0.126) (see Figure 2).

Although the inclusion/exclusion criteria included wounds with an area
range at least 0.5 cm2 to no larger than 20 cm2, size frequency distributions
showed that the majority (35 out of 40, 88%) of wound sizes were in the
range of both ≤7.0 cm2 in area and ≤2.0 cm3 in volume and five (three
patients/wounds in the PRP and two in the control group) were outliers.
The mean area of the outliers was 10.53 cm2 (SD 8.9)and 14.63 cm2 (SD 1.6)
for the PRP and control group, respectively. Because the size range of this
group correlates with the average wound size in multiple published diabet-
ic foot ulcer studies,33 the analyses were repeated using ulcers in this size
range only. This subset of the PP dataset will be referred to as the majority
wounds group.

Wh en standard i zed for size , (mean area PRP = 2.01 cm2 (SD 1.3) and con-
trol 2.43 cm2 (SD 1.6), the proporti on of com p l etely healed wounds was 13
o ut of 16 (81.3%) and ei ght out of 19 (42.1%) in PRP gel and con trol tre a t-
m ent gro u p s , re s pectively (P = 0.036, F i s h er ’s ex act te s t ) . The 95% CI for the
percent proporti ons of com p l etely healed wounds was 62.1% to 100% for the
PRP and 19.9% to 64.3% for the con trol gro u p.
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TABLE 4
PER PROTOCOL PATIENT DEMOGRAPHICS AND WOUND CHARACTERISTICS AT BASELINE  

* NS = not significant (P >0.05)
† P = 0.02, two-sided Fisher’s Exact Test

Variable PRP Gel (n = 19) Control (n= 21) P value
N Mean SD Min Max N Mean SD Min Max

Patient
Age (years) 19 58.3 9.7 43.0 75.0 21 55.9 8.1 45.0 78.0 NS*

Hgb A1C 18 7.8 1.5 5.5 11.1 20 8.1 1.8 5.0 11.4 NS
Wound
Area (cm2) 19 3.4 4.5 0.8 20.0 21 3.6 4.0 0.5 15.8 NS
Volume (cm3) 19 0.9 1.3 0.1 4.7 21 1.0 1.4 0.1 5.4 NS

Treatment
Characteristics Total

PRP Gel (n = 19) Control (n= 21)
No. of patients Percent No. of patients Percent No. of patients Percent

Sex
Male 16 84.21 16 76.19 32 80.00
Female 3 15.79 5 23.81 8 20.00

Race
Caucasian 15 78.95† 9 42.86† 24 60.00
Hispanic 4 21.05 8 38.10 12 30.00
Black 3 14.29 3 7.50
Other, specify 1 4.76 1 2.50

Foot
Right 14 73.68 10 47.62 24 60.00
Left 5 26.32 11 52.38 16 40.00

Location
Toe 6 31.58 9 42.86 15 37.50
Heel 10 52.63 6 28.57 16 40.00

Figure 2. Per protocol patient group (n = 40) Kaplan-Meier time-to-
healing curves.
Test = log-rank; Chi square = 2.34; 
Degrees of freedom = 1; P value = 0.126

Figure 3. Majority wound patient group (n = 35) Kaplan-Meier time-
to-healing curves.
Test = log-rank; Chi square = 5.62
Degrees of freedom = 1; P value = 0.0177
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The Ka p l a n - Mei er curves of proporti on for com p l etely healed wo u n d s
over time for the majori ty wound dataset showed that the two curves started
s ep a ra ting from each other on abo ut day 28 (see Figure 3), l og - rank te s t , P
va lue = 0.018.

When evaluating the range of healing outcomes in the four investigative
site groups groupings, wide variations in healing outcomes between the site
groups were observed. For the PP dataset, the site group percent of com-
plete healing proportion varied from 50% to 100% for PRP gel-treated
wounds and from 25% to 67% for control-treated wounds. For the major-
ity wound dataset, the site group percent of complete healing proportion
varied from 60% to 100% and from 25% to 60% in the PRP gel- and con-
trol-treated wounds, respectively. A trend for increased wound healing in
the PRP group compared to the control group also was observed. Despite
the between-site group variations, healing outcomes in each treatment
group were consistent and similar in both the total dataset of the per pro-
tocol and majority wound groups.

Ra te of h ea l i n g . In the PP dataset , the avera ge wound area cl o su re ra te per
d ay was 0.051 cm2 for the PRP gel group versus 0.054 cm2 for the con tro l
gro u p. In the majori ty wound dataset , the wound area cl o su re per day was
0.042 cm2 for the PRP gel group and 0.043 cm2 for the con trol gro u p ; t h e s e
d i f feren ces were not stati s ti c a lly sign i f i c a n t .

In the PP dataset , wounds in the PRP gel group healed after a mean of 4 2 . 9
d ays (SD 18.3) com p a red to 47.4 days (SD 22.0) for wounds in the con tro l
gro u p. While the nu m ber of d ays to healing was the same in the majori ty
wound group (mean 42.9 and 42.8 days ) , 81.3% of PRP gel - tre a ted wo u n d s
and 42.1% of con trol gel - tre a ted wounds healed du ring that ti m e .

Fo ll ow - u p. O f the 40 pati ents in the PP dataset , 22 with healed wo u n d s
p a rti c i p a ted in the 12-week fo ll ow-up ph a s e ; of t h o s e , one in the PRP gel
group had a wound that reopen ed . None of the con tro l - tre a ted pati en t s’
wounds re - open ed ; this differen ce was not stati s ti c a lly sign i f i c a n t .

Sa fety outcom e s : a dverse events (AE). An AE in a clinical stu dy pati en t
who has been ad m i n i s tered an inve s ti ga ti onal agent is any unu sual med i c a l
occ u rren ce that has appe a red or wors en ed after the start of s tu dy wh et h er or
not the occ u rren ce was rel a ted to the use of the inve s ti ga ti onal produ ct .
Adverse events were captu red for any clinical abn orm a l i ties that appe a red or
wors en ed bet ween the pati en t’s start of the 7-day screening peri od and 30
d ays after receiving the last dose of s tu dy tre a tm en t .

O f the 127 adverse even t s , f ive occ u rred in two pati ents before ra n dom-
i z a ti on du ring the 7-day screening peri od . O f the remaining 122 advers e
events occ u rring after ra n dom i z a ti on , 60 (49%) were in the PRP gel gro u p
and 62 (51%) in the con trol gro u p. O f t h e s e , t wo were iden ti f i ed as def i n i te-
ly rel a ted to the tre a tm en t : one case of con t act derm a ti tis occ u rred in a PRP
gel tre a ted wound and one instance of m acera ti on occ u rred in a con tro l
tre a ted wo u n d .

S a fety outcom e s : s erious adverse events (SAE). An SAE is an advers e
event that meets any of the fo ll owing outcome cri teri a :



• is fatal 
• is life - t h re a tening — ie, the pati ent was, in the vi ew

of the Inve s ti ga tor, at immed i a te risk of death from
the re acti on as it occ u rred ; h owever, it does not
i n clu de a re acti on that, h ad it occ u rred in a more
s erious form , m i ght have caused de a t h

• requ i res or pro l on gs inpati ent hospitalizati on
• re sults in significant or pers i s ten t

d i s a bi l i ty / i n c a p ac i ty
• is a con genital anom a ly or bi rth defect
• is an important medical event, based on appropri-

ate medical judgment, that may jeopardize the
patient or require the patient to seek medical or
surgical intervention to prevent one of the other
outcomes above.

O f the 122 adverse events after ra n dom i z a ti on , 23 were
cl a s s i f i ed as serious adverse even t s ; six occ u rred in the
PRP gel group and 17 in the con trol gro u p. All seri o u s
adverse events were unlikely or unrel a ted to devi ce usage
as def i n ed by the inve s ti ga tors (see Ta ble 5).

Clinical labora tory re su l t s . To analy ze the safety of
tre a ting pati ents with the PRP gel , l a bora tory tests were
con du cted according to the stu dy ’s predeterm i n ed ti m e-
f ra m e . Because a pro s pective trial on the use of PRP gel in
p a ti ents with diabetes had not been con du cted before ,
qu e s ti ons were ra i s ed wh et h er the bl ood draws , use of
bovine throm bi n , or the tre a tm ent itsel f would have a sys-
temic ef fect on pers ons with diabete s . These con cern s
determ i n ed the clinical labora tory tests that were con-
du cted du ring the trial (see Ta ble 6).

O f the 72 parti c i p a ting pati en t s , 56 (78%) retu rn ed for
the day 168 labora tory te s t s . No stati s ti c a lly or cl i n i c a lly
s i gnificant differen ces were noted bet ween the PRP gel
and con trol from baseline to en d point labora tory shifts in
h em a to l ogy, cl o t ting factors , and Factor V te s t s . Al t h o u gh
no stati s ti c a lly significant differen ce was noted bet ween
the PRP gel and con trol in rel a ti on to shifts of cl o t ting fac-
tors , a shift (increase) was noted in PT and PTT re sults in
both tre a tm ent gro u p s . No cl i n i c a lly important ch a n ge s
in cl o t ting factors that would cause con cern abo ut the
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TABLE 5
REPORTED SERIOUS ADVERSE EVENTS  (N = 23 EVENTS)

Medra Term

Myocardial infarction
Congestive heart failure
Pneumonia 
Pneumonia 
Pneumonia; osteomyelitis

Localized infection
Chest pain (gallstones)
Infected left foot; left foot ulcer
Bacterial arthritis/

encephalopathy
Gangrene, anemia, renal failure,

cardio-respiratory arrest
Diabetic foot, cellulitis,

osteomyelitis
Cellulitis, arthritis bacterial,

atrioventricular block,
elevated blood glucose

During Tr e a t m e n t

X
X
X
X

X
X
X
X

X

X

Post Treatment

X

X

Event 

Death
Hospitalization
Hospitalization
Hospitalization
Hospitalization

Hospitalization
Hospitalization
Hospitalization
Hospitalization

Death

Hospitalization

Hospitalization

Severity as deter-
mined by

Investigator
Severe
Mild

Moderate 
Mild
Mild

Severe
Mild
Mild

Moderate/severe

Severe

Severe

Mild/severe

Relationship
to device

Unrelated
Unlikely 
Unlikely 

Unrelated
Unrelated

Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely

Unlikely

Unrelated

PRP Gel Group (6 events; 5 patients)

Control Group  (17 events; 7 patients)
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ef fect of the PRP gel or con trol on Factor V
activi ty were found du ring an indepen den t
m on i tor revi ew of the medical record s ,
i n cluding con comitant med i c a ti on s .

No clinical or stati s ti c a lly significant dif-
feren ces were noted in ch em i s try test re su l t s
bet ween the PRP gel and con trol from base-
line to en d point for sod iu m , po t a s s iu m ,
ch l ori de , bi c a rbon a te , c re a ti n i n e , or albu-
m i n . A stati s ti c a lly significant differen ce
was ob s erved bet ween tre a tm ents in the
ch a n ge from baseline for BU N ; the BUN of
the PRP gel - tre a ted pati ents dec re a s ed
while the BUN of con trol pati ents incre a s ed
(no ex p l a n a ti on was determ i n ed ).

Serum glu cose or HbA1C re sults showed
that more pati ents shifted to high at en d-
point in the PRP gel com p a red to the con-
trol gro u p. These differen ces were not sta-
ti s ti c a lly significant or cl i n i c a lly meaning-
f u l ; t h ey su gge s ted that more pati ents in the
PRP gel group had uncon tro ll ed diabete s .

These safety re sults doc u m ent the mini-
mal occ u rren ce of adverse even t s . No seri-
ous adverse events were attri but a ble to PRP
gel and minimal were attri but a ble to labo-
ra tory shifts. These ef fects were com p a ra bl e
with the con trol gro u p.

D i s c u s s i o n
This is the first reported pro s pective ,

ra n dom i zed , bl i n ded , con tro ll ed trial in the
US on the use of PRP for the tre a tm ent of
d i a betic foot ulcers . In this FDA- a pproved
s tu dy, s ome of t h eir requ i rem ents (cert a i n
i n clu s i on / exclu s i on cri teri a , blinding sys-
tem , ch oi ce of con trol tre a tm en t , ex ten s ive
l a bora tory te s t s , and doc u m en t a ti on )
ad ded to the ri gor and com p l ex i ty of t h e
s tu dy de s i gn , wh i ch in tu rn caused som e
d i f f i c u l ty en ro lling pati en t s .

This stu dy com pri s ed two levels of
s c reen i n g : pre- and active screen i n g.
In i ti a lly, an inve s ti ga tor eva lu a ted wh et h er a
p a ti ent was a po ten tial candidate for the
s tu dy. Approx i m a tely 650 pati ents were



pre - s c reen ed — ie, revi ewed by the inve s ti ga tor for po s s i-
ble inclu s i on — to sec u re the 129 active screen i n g
p a ti en t s . Active screening com pri s ed baseline wo u n d
a s s e s s m en t , physical ex a m , l a bora tory te s t s , wound cul-
tu re , vascular te s t s , wound exc i s i on / debri dem en t , and the
7 - d ay screening peri od for pati ents meeting the requ i re-
m en t s. From the 129 actively screen ed pati en t s , 72 were
ra n dom i zed and 40 met stu dy pro tocol requ i rem ents (the
clinical data audit prom pted exclu s i on of 32 pati en t s ,
d ropping the PP nu m ber to 40 pati en t s ) . Thu s , u l ti m a te-
ly, on ly 6% of p a ti ents who parti c i p a ted in the pre - s c reen-
ing process were en ro ll ed .

Du ring the analysis of the PP gro u p, f requ ency dis-
tri buti on dem on s tra ted that the majori ty of t h e
wounds (35 out of 40) ra n dom i zed into the stu dy met
the cri teria of wound area ≤7.0 cm2 and vo lume ≤2 . 0
c m3. The remaining five larger wounds had areas of 9
c m2 to 20 cm2 and re sults of va rious studies su gge s t
that a wound size of <7.0 cm2 is most com m on .3 0 - 3 2

E f f i c acy va ri a bles also were analy zed for the su b s et of
“m a j ori ty wo u n d .”

Average baseline area in the majority wound group
was similar to that reported in a tissue-engineered prod-
uct study (n = 208: mean wound area 2.97 – 3.1 cm2),34

another tissue-engineered product (n = 15 wounds; effi-
cacy noted in wounds < 6 cm2),35 two recombinant
growth factor studies (n = 118 patients and 132 wounds
respectively; mean area 5.5 cm2 and 2.6 cm2),36,37 and one
retrospective study of diabetic foot ulcers (n = 26,599
patients of which 5,320 wounds averaged 1.53 cm2, 5,320
wounds averaged 1.84 cm2, and 5,319 wounds averaged
4.41 cm2 in area24). In the largest study published to
date,24 60% of patients had wounds that matched the
majority group in this PRP ge l study, increasing the
potential external validity of the current study results.

In the majori ty wound gro u p, PRP gel - tre a ted wo u n d s
were sign i f i c a n t ly more likely to heal than con tro l - tre a ted
wounds even though healing ra tes in the con trol gro u p
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TABLE 6
CHANGES IN CLINICAL LABORATORY RESULTS

Laboratory Test PRP Gel (n = 40)
Hematology
Hemoglobin (G/DL)
Hematocrit (%)
Platelet count (10^3/UL)
White blood cells (10^3/UL)

Chemistry
Albumin (G/DL)
Bicarbonate (MEQ/L)
Blood urea nitrogen (MG/DL)
Chloride (MEQ/L)
Creatinine (MG/DL)
Glucose, serum (MG/DL)
Potassium (MEQ/L)
Sodium (MEQ/L)

Hemoglobin A1C (%HB)

Factor V activity (%)

Clotting Factors
PT (seconds)
PTT (seconds)
TT (seconds)
TT Human (seconds)

Baseline (mean)
13.7
40.6
264
8.0

3.8
23.9
21.1
101.5

1.1
187.2

4.6
138.0

8.0

105.2

12.8
29.7
12.4
11.3

Endpoint (mean)
13.4
40.1
280
7.9

3.7
23.7
19.6

102.2
1.1

202.7
4.5

137.9

8.5

104.8

13.4
31.9
12.9
11.7

Control (n = 32)
Baseline (mean)

13.1
39.2
263
7.8

3.7
23.9
20.7

102.1
1.1

175.6
4.4

137.8

8.0

101.0

13.0
30.2
12.8
11.3

Endpoint (mean)
12.8
38.5
262
8.0

3.6
23.4
23.1

102.4
1.1

211.5
4.5

137.3

8.0

103.1

13.2
30.3
12.4
11.1

P value*

0.740
0.644
0.076
0.877

0.4693
0.6674
0.0405
0.5721
0.4143
0.4045
0.2343
0.6172

0.1232

0.6113

0.8545
0.3738
0.4315
0.2196

* Wilcoxon rank sum test, two-sided



were high er (42% healed
a f ter 12 weeks) than most
con trol group healing ra te s
reported in other stu d i e s3 0

( s ee Figure 4). S pec i f i c a lly,
re sults of a met a - a n a lysis of
healing outcomes in the
con trol arm of o t h er diabet-
ic foot pro s pective stu d i e s
su ggest that 24% can be
ex pected to heal after 12
weeks of providing good
c a re .3 0 Most studies use wet -
to - m oist ga u ze saline ga u ze
d re s s i n gs , the recogn i zed
s t a n d a rd tre a tm ent by the
m edical com mu n i ty5 as a
con trol dre s s i n g. However,
wet - to - m oist dre s s i n gs
requ i re dressing ch a n ge s
t h ree to four times daily by
the pati ent or caregiver and may not provi de an opti m a l
m oist envi ron m ent for healing. Some studies have shown
that hyd roco ll oid dre s s i n gs may be more ef fective than
wet - to - m oist for the tre a tm ent of certain types of u l cers .3 8

The power calculati ons were based on reported
results of control treatments in other studies and a sam-
ple size of 27 in each treatment arm. The better-than-
expected control healing rates and large number of pro-
tocol violations caused underpowering of the PP and the
majority wound groups yet some statistically significant
d i f feren ces were ob s erved , su gge s ting that larger
between-group differences could be expected in studies
using a larger sample size.

The FDA’s con cern abo ut the ef fects of f requ en t
t h o u gh small amount of bl ood co ll ecti on (30 mL or less
e ach visit) on health and safety as pati ents underwen t
peri odic hem a to l ogy and other labora tory tests thro u gh-
o ut the trial was ad d re s s ed . Test re sults doc u m en ted that
these frequ ent bl ood draws did not redu ce the hem ogl o-
bi n , h em a toc ri t , or platel et co u n t . Because bovine throm-
bin was used in the processing to activa te the PRP and evi-
den ce exists of Factor V leading to bl eeding disorders in
p a ti ents ex po s ed to large doses of bovine throm bi n ,3 3 con-
cerns were ra i s ed as to wh et h er pati ents would similarly
devel op Factor V anti bodies to the bovine throm bin wi t h

s m a ll frequ ent ex po su re to it. To eva lu a te this po ten ti a l
i m p act , Factor V tests occ u rred at 6-week intervals for all
p a ti ents rega rdless of ra n dom i z a ti on arm and at 24 wee k s
post ra n dom i z a ti on . None of the pati ents dem on s tra ted
a ny Factor V inhibi ti on thro u gh o ut the stu dy and into the
fo ll ow - u p. This is the first time that this has been doc u-
m en ted in a pro s pective stu dy.

L a bora tory tests indicated that the majori ty of p a ti en t s
h ad el eva ted bl ood glu cose thro u gh o ut the stu dy peri od .
E l eva ted glu cose levels have been doc u m en ted to redu ce
h e a l i n g4 0 , 4 1; h owever, in this stu dy, the majori ty of t h e
wounds healed .

Numerous articles have been published regarding the
use of PRP in the surgical setting; notably, the orthope-
dic, plastic surgery, and dental field.42-44 Some of the PRP
separation systems used require specialized technicians
to perform the necessary procedures. This is the first
published study of an autologous PRP separation system
to heal wounds that can be used by health professionals
within a traditional healthcare setting. A small, compact,
point-of-care system such as the one described in the
study makes this technology available to multiple care
providers, including physician office, hospital unit, out-
patient clinic, long-term care facility, and home health
care staff.
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Figure 4. Comparison of diabetic foot ulcer prospective trial control outcomes.30



C o n c l u s i o n
The results of this study show that PRP gel is safe for

use in the treatment of nonhealing diabetic foot ulcers.
In the most common size of diabetic foot ulcers (≤7.0
cm2 in area and ≤2.0 cm3 in volume), PRP gel-treated
wounds are also significantly more likely to heal than
control gel treated wounds. Treating wounds with PRP
or saline gel resulted in healing in approximately 6
weeks, but in the most common wound sizes, almost
twice as many PRP treated wounds healed in that time-
frame. The number of adverse events was minimal; no
adverse events were serious. Further, the study demon-
strated that bovine thrombin used in the preparation of
PRP does not cause Factor V inhibition; thus, it does not
cause coagulopathy. In addition, withdrawal of a small
amount of blood twice weekly did not affec t patient
hemoglobin, hematocrit, or platelet count. Clinically
meaningful shifts in laboratory values studied from
baseline to endpoint were not observed. This type of
PRP system could be utilized by healthcare providers to
treat diabetic foot ulcers in multiple settings. Using PRP
gel to treat diabetic foot ulc ers may not only enhance
healing, but it also may prevent lower extremity ampu-
tations caused by nonhealing wounds.

Im p l i c a ti ons for futu re re s e a rch inclu de implem en ti n g
a trial de s i gn that would permit gre a ter su bj ect en ro ll-
m ent on a larger sample size to va l i d a te these re su l t s . Th i s
trial would not need to re - eva lu a te some of the major
qu e s ti ons answered in this tri a l , su ch as Factor V inhibi-
ti on , i m p act on the pati en t’s hem a to l ogy and other cl i n i-
cal labora tory outcom e s , and impact of a con trol that had
not perform ed in a pro s pective trial previ o u s ly. Di a beti c
foot ulcers with ch a ll en ging pre s en t a ti ons (ie, mild to
m odera te vascular disease, ex po s ed ten don or bon e ,
p a ti ent hyper glycem i a , a n d / or inadequ a te nutri ti onal sta-
tus) could be stu d i ed to determine wh et h er PRP gel co u l d
assist in healing in these com prom i s ed scen a ri o s . In ad d i-
ti on , s tudies to determine wh et h er this novel thera py is
s y n er gi s tic with other adva n ced wound care mod a l i ti e s
could be con du cted . - OW M
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