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METHOD OF TISSUE VASCULARIZATION 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/085,987, ?led Mar. 22, 2005 Which claims 
priority under 35 USC § 119(e) to provisional application 
No. 60/655,668 ?led Feb. 23, 2005 and is a continuation-in 
part of US. application Ser. No. 10/941,124, ?led Sep. 15, 
2004 Which is a continuation of US. application Ser. No. 
10/412,821, ?ledApr. 11, 2003, now US. Pat.No. 6,811,777, 
Which claims priority under 35 USC § 119(e) to US. Pro 
visional Application No. 60/372,682, ?led Apr. 13, 2002. All 
of the above are incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] Embodiments of the invention are directed to meth 
ods and kits for the treatment of damaged tissue in a human or 
non-human animal using autologous platelet-rich plasma. In 
a preferred embodiment, methods and kits are described for 
the treatment of lateral epicondylitis, plantar fasciitis, and 
rotator cuff injury. 
[0004] 2. Description of the Related Art 
[0005] There is a need for treatment protocols for connec 
tive tissue injuries Which are refractory to standard treatments 
such as anti-in?ammatory medication, bracing, rest and 
physical therapy. Injuries or other damage to ?exible, rela 
tively avascular connective tissues (hereafter “connective tis 
sue” or “connective tissues”) are knoWn to take a very long 
time to heal (months or even years). In many cases, injuries to 
connective tissues may never heal properly, necessitating sur 
gical intervention. Connective tissue injuries and disorders 
have a signi?cant impact on society. The overall prevalence of 
these problems is approximately 140 per 1000 persons in the 
United States, according to a 1995 survey by the National 
Center for Health Statistics. The same survey estimated the 
direct costs to be $88.7 billion and the indirect costs estimated 
to be up to $111.9 billion for lost productivity. 
[0006] One example of a connective tissue disorder is ten 
dinosis. Unlike tendonitis, tendinosis is not primarily an 
in?ammatory condition. Tendinosis is an accumulation over 
time of small-scale injuries that don’t heal properly; it is a 
chronic injury of failed healing. Tendinosis can occur in any 
tendon, With some of the most common areas being the hand, 
Wrist, forearm, elboW, shoulder, knee, and heel. Tendinosis 
can result from repetitive activities such as playing sports, 
using computers, playing musical instruments, or doing 
manual labor. Some occupations that have increased risk for 
chronic tendon injuries include assembly line Workers, mail 
sorters, computer programmers, Writers, court recorders, data 
entry processors, sign language interpreters, cashiers, profes 
sional athletes, and musicians. 
[0007] One speci?c type of tendinosis is lateral epicondyli 
tis. Lateral Tendinosis (tennis elboW) is a common disorder 
Which is seen in about 5 per 1000 patients in general practice. 
Although the etiology is not fully understood, it is typically 
seen inpatients over the age of 35 as a result of some repetitive 
activity. The pathology underlying the disorder is related to 
overuse injury and microtearing of the extensor carpi radialis 
brevis tendon at the elboW. The body attempts to repair these 
microtears but the healing process is incomplete in many 
cases. Pathologic specimens of patients undergoing surgery 
for chronic lateral epicondylitis reveal a disorganiZed angio? 
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broblastic dysplasia. This incomplete attempt at repair results 
in degenerative, immature and avascular tissue. Incompletely 
repaired tissue is Weaker than normal tendon tissue and lacks 
the strength to function normally. This tissue also limits the 
patient by causing pain and negatively impacting the patient’s 
quality of life. 
[0008] Another common tendinosis is Plantar fasciitis. 
While “plantar” means the bottom of the foot, “fascia” is a 
type of connective tissue, and “itis” means “in?ammation”, it 
is noW thought that plantar fasciitis is not an in?ammatory 
disorder. Furthermore, the plantar fascia is really a tendonous 
aponeurosis, not a fascial layer (Barrett, et al. (November 
2004) Podiatry Today, pages 37-42). 
[0009] The plantar fascia encapsulates muscles in the sole 
of the foot. It supports the arch of the foot by acting as a 
boWstring to connect the ball of the foot to the heel. When 
Walking and at the moment the heel of the trailing leg begins 
to lift off the ground, the plantar fascia endures tension that is 
approximately tWo times body Weight. This moment of maxi 
mum tension is increased if there is lack of ?exibility in the 
calf muscles . A percentage increase in body Weight causes the 
same percentage increase in tension in the fascia. Due to the 
repetitive nature of Walking, plantar fasciitis may be a repeti 
tive stress disorder similar to tennis elboW. It is common in 
several sub-groups of people, including runners and other 
athletes, people Who have Jobs that require a fair amount of 
Walking or standing (especially if it is done on a hard surface), 
and in some cases it is seen in people Who have put on Weight 
either by dietary indiscretion or pregnancy. Unfortunately, 
plantar fasciitis usually takes many months to resolve. 
According to statistics from the Southern California Ortho 
pedic institute, it takes approximately 6 months for 75% of 
people to recover from this problem. 
[0010] The classic sign of plantar fasciitis is heel pain With 
the ?rst feW steps in the morning. The pain is usually in the 
front and bottom of the heel, but it can be over any portion of 
the bottom of the foot Where the fascia is located. The pain can 
be mild or debilitating. It can last a feW months, become 
permanent, or come and go every feW months or years for the 
rest of a patient’s life With no obvious explanation. Every 
year, about 1% of the population seeks medical help for this 
condition. 
[0011] Similar incomplete repair may be present in other 
types of connective tissue injuries or damage, such as patellar 
tendonitis (Jumper’s Knee), Achilles tendonitis (common in 
runners), and rotator cuff tendonitis (commonly seen in 
“overhead” athletes such as baseball pitchers), chronic inju 
ries of the ankle ligaments (“ankle sprains”), or ligament 
tears. What is needed are compositions and methods for solv 
ing the problems noted above. 
[0012] The pathophysiology of the above-mentioned con 
ditions have been studied. Presently, many different non 
operative and operative treatments exist. The non-operative 
measures include rest, activity modi?cation, oral anti-in?am 
matory medication and cortisone injections. Rest and activity 
modi?cation may help patients With some of these conditions, 
but there remains a signi?cant clinical population that are not 
reachable With these therapies. Despite Widespread use, oral 
anti-in?ammatory medications have not proven to be useful 
in controlled studies. Some studies further suggest that non 
steroidal medication may actually have an adverse effect on 
the healing process for ligament injuries. Also, no acute 
in?ammatory cells have been found in pathologic samples of 
cases of lateral epicondylitis or plantar fasciitis. Cortisone 
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injections are frankly controversial in the treatment of tendi 
noses and are contraindicated in acute ligament injuries. Sev 
eral studies note an improvement in patients treated With 
cortisone in short term folloW up. Results beyond one year, 
however, reveal a high symptom recurrence rate and only an 
equivocal e?icacy rate. These injections also carry the risk of 
tendon rupture, infection, skin depigmentation, subderrnal 
atrophy and hyperglycemia in diabetic patients. 
[0013] Physical therapy is commonly used, but expensive 
and it is not clear that such treatment is helpful (Smidt 2003). 
Furthermore, the average cost is high: $1200-1500. Other 
treatment options include iontophoresis and extra corporeal 
shock Wave (ECSW) therapy. Iontophoresis gave results bet 
ter than placebo at 2 days (N irschl 2003). ECSW Therapy has 
shoWn variable ef?cacy. This therapy Was shoWn to be inef 
fective in a recent trial of 272 patients (Haake 2002). Chung 
and Wiley (2004) shoWed similar results With no difference 
betWeen the control and the treatment group. A study on 
Botox vs Surgery shoWed no difference in outcome at 12 
months. Both Were effective. HoWever, the study did not 
include a control group (KeiZer 2002). 
[0014] Operative measures include debridement and repair 
of the associated pathologic tendons. HoWever, open or 
arthroscopic surgery has many potential complications such 
as deep infection, damage to neurovascular structures, and 
scar formation. The surgery is also expensive and carries the 
additional risks associated With regional or general anesthe 
sia. Clearly there is a need for neW treatment options in this 
area. 

[0015] Platelet-rich plasma (PRP) is obtained from Whole 
blood or plasma by concentrating the platelets from the blood. 
While Whole blood may contain about 95% red blood cells, 
about 5% platelets and less than 1% White blood cells, PRP 
may contain 95% platelets With 4% red blood cells and 1% 
White blood cells. PRP can be combined With activating 
agents such as thrombin or calcium Which activate the plate 
lets to release their contents such as cytokinins and other 
groWth factors. PRP has been used in medicine, primarily in 
bone grafting and dental implant applications and as part of a 
composition to use as a surgical adhesive. For example, 
Landesberg et al (US. Pat. No. 6,322,785) disclose an autolo 
gous platelet gel that includes PRP for bone grafts and dental 
implants. The PRP is activated by collagen and is applied 
topically to promote Wound healing. 
[0016] Antanavich et al. (US. Pat. No. 5,585,007) disclose 
preparation of PRP and use as a tissue sealant. Cochrum (U.S. 
Pat. No. 5,614,214) discloses a biopolymer that optionally 
includes PRP and its use to temporarily block arteries and 
veins. Gordinier et al. (U.S. Pat. No. 5,599,558) disclose a 
platelet releasate product, Which includes platelets buffered 
to approximately pH 6.5, for use in a topical application to 
Wounds. 
[0017] None of the prior art teach treatment of connective 
tissue With PRP to promote tissue repair. Furthermore, Appli 
cant has discovered that PRP has even broader application in 
treating a Wide range of tissue injury and/ or damage. 

SUMMARY OF THE INVENTION 

[0018] One embodiment of the invention is directed to a kit 
for vasculariZing tissue With a platelet-rich plasma that is 
autologous, Where the kit includes an anticoagulant to reduce 
blood coagulation; a disposable separating tube, adapted for 
use in a centrifugation device, for isolating platelet fractions 
from the blood; a pH adjusting agent to raise the pH of the 
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platelet-rich plasma to a pH of betWeen 6.5 and 8.0 creating a 
buffered platelet-rich plasma; and a platelet delivery device 
for applying the buffered platelet-rich plasma to tissue With a 
compromised blood supply to vasculariZe the tissue. 
[0019] In preferred embodiments, the disposable separat 
ing tube includes a buoy to isolate platelet fractions. Prefer 
ably, the kit also includes a composition including a local 
anesthetic for numbing an area of tendinosis before adminis 
tration of the buffered platelet-rich plasma composition. 
More preferably, the composition for numbing the area of 
tendinosis includes bupivicaine and epinephrine. Yet more 
preferably, the kit also includes an anesthetic delivery device 
for applying the local anesthetic. 
[0020] In preferred embodiments, the kit includes instruc 
tions for isolation of platelets from the draWn blood using the 
disposable separating tube. In preferred embodiments, the kit 
includes instructions for administering the platelet-rich 
plasma composition to the area of tendinosis. In preferred 
embodiments, the anticoagulant is citrate dextrose anticoagu 
lant solution and the pH adjusting agent is sodium bicarbon 
ate. In preferred embodiments, the kit also includes a physical 
therapy aid to provide resistance for prescribed physical 
therapy. 
[0021] Embodiments of the invention are directed to a kit 
for the treatment of tendinosis With an autologous platelet 
rich plasma composition Which includes an anticoagulant for 
preventing coagulation of blood; a disposable separating 
tube, adapted for use in a centrifugation device, for isolating 
platelet fractions from the blood; a pH adjusting agent to 
adjust the pH of the platelet-rich plasma composition to a pH 
of betWeen 6.5 and 8.0 creating a buffered platelet-rich 
plasma composition; and a platelet delivery device for apply 
ing the buffered platelet-rich plasma composition to an area 
of tendinosis. 

[0022] In preferred embodiments, the disposable separat 
ing tube includes a buoy to isolate platelet fractions. In pre 
ferred embodiments, the kit also includes instructions for 
isolation of platelets from the draWn blood using the dispos 
able separating tube. In preferred embodiments, the kit also 
includes instructions for administering the platelet-rich 
plasma composition to the area of tendinosis. In preferred 
embodiments, the anticoagulant is citrate dextrose anticoagu 
lant solution and the pH adjusting agent is sodium bicarbon 
ate. In preferred embodiments, the kit also includes a physical 
therapy aid to provide resistance for prescribed physical 
therapy. 
[0023] In preferred embodiments, the kit also includes a 
composition including a local anesthetic for numbing the area 
of tendinosis before administration of the buffered platelet 
rich plasma composition. In more preferred embodiments, 
the composition for numbing the area of tendinosis includes 
bupivicaine and epinephrine. Yet more preferably, the kit 
includes an anesthetic delivery device for applying the local 
anesthetic. 
[0024] In a highly preferred embodiment of the invention, 
the kit further includes a syringe for draWing blood, an aph 
eresis needle, a tourniquet, a centesis needle, a skin antiseptic, 
and bandaging material. 
[0025] Embodiments of the invention are directed to a 
method of vasculariZing tissue With a compromised blood 
supply in a mammal Which includes the steps of draWing 
autologous blood from the mammal; adding an anticoagulant 
to the autologous blood; fractioning the autologous blood in a 
disposable separating tube using a centrifugation device to 



US 2008/0248085 A1 

isolate a platelet-rich plasma composition; titrating the plate 
let-rich plasma composition to obtain a pH of about 6.5 to 8.0 
creating a buffered platelet-rich plasma; and administering 
the buffered platelet-rich plasma to tissue With a compro 
mised blood supply, whereby platelet growth factors are 
released from the buffered platelet-rich plasma to promote 
vasculariZation. 

[0026] Embodiments of the invention are directed to a 
method of treating tendinosis in a mammal Which includes 
the steps of draWing autologous blood from the mammal; 
adding an anticoagulant to the autologous blood; fractioning 
the autologous blood in a disposable separating tube using a 
centrifugation device to isolate a platelet-rich plasma com 
position; titrating the platelet-rich plasma composition to 
obtain a pH of about 6.5 to 8.0 creating a buffered platelet-rich 
plasma composition; introducing a local anesthetic agent into 
and around a tendinosis site; and administering the buffered 
platelet-rich plasma composition to the tendinosis site, 
Whereby platelet groWth factors are released from the buff 
ered platelet-rich plasma to promote vasculariZation at the 
tendinosis site. 

[0027] In preferred embodiments of the method no exog 
enous activator is added to the platelet-rich plasma composi 
tion prior to its introduction into and around the site of ten 
dinosis. In preferred embodiments, the composition Which 
includes a local anesthetic agent also includes epinephrine. In 
preferred embodiments, the mammal is selected from horses, 
coWs, sheep, pigs, dogs or cats. More preferably, the mammal 
is a human. 

[0028] In preferred embodiments, the tendinosis is tennis 
elboW. In alternate preferred embodiments, the tendinosis is 
plantar fasciitis or rotator cuff injury. 

[0029] Embodiments of the invention are directed to a 
method of treating plantar fasciitis in a human Which includes 
the steps of draWing autologous blood from the human, add 
ing an anticoagulant to the autologous blood, fractioning the 
autologous blood in a disposable separating tube using a 
centrifugation device to isolate a platelet-rich plasma com 
position, titrating the platelet-rich plasma composition to 
obtain a pH of about 6.5 to 8.0, thereby creating a buffered 
platelet-rich plasma composition, introducing a local anes 
thetic agent into a plantar surface of a foot, administering the 
buffered platelet-rich plasma composition to the plantar sur 
face of the foot, Whereby platelet groWth factors are released 
from the buffered platelet-rich plasma composition to pro 
mote vasculariZation of the plantar surface of the foot. 

[003 0] In preferred embodiments, the method also includes 
limiting motion of the plantar surface of the foot for a thera 
peutic period. In preferred embodiments, an area to be treated 
is identi?ed using ultrasound. In preferred embodiments, the 
buffered platelet-rich plasma composition is administered to 
a medial and/ or central band of the identi?ed fascia. 

[0031] In preferred embodiments, no exogenous activator 
is added to the platelet-rich plasma composition prior to its 
introduction into and around the site of plantar fasciitis. 

[0032] Embodiments of the invention are directed to a 
method of treating lateral epicondylitis in a mammal Which 
includes the steps of administering a local anesthetic With an 
anesthetic delivery device to an affected elboW area, titrating 
a platelet-rich plasma composition to obtain a pH of about 6.5 
to 8.0, and administering the buffered platelet-rich plasma 
composition into an affected elboW of the individual at an 
extensor carpi radialis brevis tendon. 

Oct. 9, 2008 

[0033] In preferred embodiments, no exogenous activator 
is added to the platelet-rich plasma composition prior to its 
introduction into the affected elboW area. 

[0034] In preferred embodiments, the method also includes 
performing physical therapy to promote vasculariZation of 
the affected tendon. In preferred embodiments, the method 
also includes revasculariZing a site of compromised blood 
supply. 
[0035] Embodiments of the invention are directed to a 
method of treating rotator cuff injury in a human. The method 
may include one of more of the steps: draWing autologous 
blood from the human; adding an anticoagulant to the autolo 
gous blood; fractioning the autologous blood in a disposable 
separating tube using a centrifugation device to isolate a 
platelet-rich plasma composition; titrating the platelet-rich 
plasma composition to obtain a pH of about 6.5 to 8.0 creating 
a buffered platelet-rich plasma composition; introducing a 
local anesthetic agent into a rotator cuff region of a shoulder; 
and administering the buffered platelet-rich plasma compo 
sition to rotator cuff tendons, Whereby platelet groWth factors 
are released from the buffered platelet-rich plasma composi 
tion to promote vasculariZation of the rotator cuff tendons. In 
preferred embodiments, the method also includes performing 
physical therapy to aid in promoting vasculariZation of rotator 
cuff tendons. 
[0036] Embodiments of the invention are directed to a kit 
for the treatment of tendinosis With an autologous platelet 
rich plasma composition Where the kit includes a syringe for 
draWing blood; an apheresis needle; a tourniquet; a skin anti 
septic; a citrate dextrose anticoagulant solution for preventing 
coagulation of the draWn blood; a disposable separating tube, 
adapted for use in a centrifugation device, for isolating plate 
let fractions from the blood; a buffering agent such as sodium 
bicarbonate, and the like to adjust the pH of the platelet-rich 
plasma composition to a pH of betWeen 6.5 and 8.0 creating 
a buffered platelet-rich plasma composition; a composition 
for numbing the area of tendinosis such as bupivicaine and 
epinephrine, and the like; a platelet delivery device for apply 
ing the buffered platelet-rich plasma composition; bandaging 
material; instructions for isolation of platelets from the draWn 
blood using the disposable separating tube; and instructions 
for administering the platelet-rich plasma composition to the 
area of tendinosis. In preferred embodiments, the kit also 
includes a physical therapy aid to provide resistance for pre 
scribed physical therapy. 
[0037] Further aspects, features and advantages of this 
invention Will become apparent from the detailed description 
of the preferred embodiments Which folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] These and other feature of this invention Will noW be 
described With reference to the draWings of preferred 
embodiments Which are intended to illustrate and not to limit 
the invention. 
[0039] FIG. 1 shoWs an overhead vieW of a kit according to 
the invention. 
[0040] FIG. 2 shoWs the average visual pain scores before 
treatment and at 4 and 8 Weeks post-treatment for tennis 
elboW. N:l5 for the PRP-treated group; NIS for control 
group. 
[0041] FIG. 3 shoWs the average Mayo elboW scores before 
treatment and at 4 and 8 Weeks post-treatment. NIl 5 for the 
PRP-treated group; NIS for control group for tennis elboW. 
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[0042] FIG. 4 shows average visual analog pain scores 
before treatment and at 6 months post-treatment (NIIS) for 
tennis elbow. 
[0043] FIG. 5 shows the average Mayo elbow scores before 
treatment and at 6 months post-treatment (N :15) for tennis 
elbow. 
[0044] FIG. 6 shows initial and 7 day cell counts for human 
?broblast cells in culture in the presence and absence of PRP. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0045] Compositions and kits are needed for solving the 
problems noted above. Platelet-rich plasma (PRP) is an 
enriched platelet-containing mixture, isolated from whole 
blood, which is resuspended in a small volume of plasma, as 
de?ned in more detail below. Platelets are living but terminal 
cytoplasmic portions of marrow megakaryocytes. They have 
no nucleus for replication and will die off in 5-9 days. They 
adhere together to form a platelet plug at an injury site and 
actively extrude the growth factors involved in initiating 
wound healing. These growth factors, also called cytokines, 
are small proteins each of about 25,000 Daltons molecular 
weight. They are stored in a granules in platelets. In response 
to platelet to platelet aggregation or platelet to connective 
tissue contact, the cell membrane of the platelet is “activated” 
to release these alpha granules. These growth factors include 
platelet derived growth factors (PDGF), transforming growth 
factor beta 1 and 2 (TGF-B), ?bronectin, vitronectin, ?brin 
and insulin-like growth factor (ILGF). These growth factors 
function to assist the body in repairing itself by stimulating 
stem cells to regenerate new tissue and by promoting vascu 
lariZation. 
[0046] The inventor has surprisingly discovered that cer 
tain inventive platelet compositions are useful for the treat 
ment of several types of tissue damage or injury. As used 
herein, the term “injury” is a broad term and is used in the 
ordinary sense to refer, without limitation, to any tissue dam 
age including a wound, trauma or lesion or any tissue degen 
eration. In particular, the inventive platelet compositions may 
be used to promote vasculariZation and/or revasculariZation 
of injured tissue and treatment of incomplete repair of various 
connective tissues, preferably tendinosis, most preferably lat 
eral epicondylitis, plantar fasciitis, and rotator cuff injury. 
[0047] The treatments and kits described herein are appli 
cable to both human and non-human animals. The term 
“patient” as used herein refers to either a human or non 
human patient. Particularly preferred applications are for vet 
erinary animals such as horses, pigs, cows, sheep, cats and 
dogs. Most preferred embodiments are directed to treatment 
of human patients. 
[0048] In one aspect, the invention relates to a method of 
treating incomplete repair in a patient’s connective tissue 
comprising: obtaining a platelet composition; determining a 
lesion that comprises the incomplete repair in the patient’s 
connective tissue; and minimally invasively introducing the 
platelet composition into and around the lesion. In an aspect, 
the invention relates to the method wherein the platelet com 
position is at or above physiological pH. In an aspect, the 
invention relates to the method wherein the platelet compo 
sition optionally includes platelet releasate. In an aspect, the 
invention relates to the method further comprising: mixing 
into the platelet composition one or more of the ingredients 
selected from thrombin, epinephrine, collagen, calcium salts, 
and pH adjusting agents.Also useful are materials to promote 
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degranulation or preserve platelets, additional growth factors 
or growth factor inhibitors, small molecule pharmaceuticals 
such as NSAIDS, steroids, and anti-infective agents. In an 
aspect, the invention relates to the method wherein the 
patient’s connective tissue is selected from: tendons, liga 
ments, joint capsules, and fascial tissues. More preferably, the 
tissue is a tendon. In an aspect, the invention relates to the 
method wherein obtaining the platelet composition com 
prises: drawing blood from a human or non-human animal; 
and centrifuging the blood to obtain a plasma-rich fraction. In 
an aspect, the invention relates to the method wherein the 
platelet composition comprises platelet-rich plasma. In an 
aspect, the invention relates to the method with the proviso 
that the platelet composition is substantially free from exog 
enous activators prior to its introduction into and around the 
region of the incomplete repair in the patient’s connective 
tissue. In an aspect, the invention relates to the method 
wherein the platelet composition comprises platelets 
obtained from the patient. 
[0049] The invention further relates to a method of treating 
incomplete repair in a patient’s connective tissue comprising: 
obtaining a platelet composition; determining a lesion that 
comprises the incomplete repair in the patient’s connective 
tissue; and introducing the platelet composition into and 
around the lesion, with the proviso that substantially no acti 
vator is added to the platelet composition prior to its intro 
duction into and around the lesion. The invention also relates 
to the method wherein the platelet composition is minimally 
invasively introduced into and around the lesion. The inven 
tion also relates to the method wherein the platelet composi 
tion comprises platelet-rich plasma. The invention also 
relates to the method further comprising: mixing into the 
platelet composition substantially simultaneously with its 
minimally invasive introduction into and around the lesion 
one or more of the ingredients selected from thrombin, epi 
nephrine, collagen, calcium salts, and pH adjusting agents. 
Also useful are materials to promote degranulation or pre 
serve platelets, additional growth factors or growth factor 
inhibitors, small molecule pharmaceuticals such as NSAIDS, 
steroids, and anti-infective agents. The invention also relates 
to the method wherein the patient’s connective tissue is 
selected from: tendons, ligaments, joint capsules, and fascial 
tissues. More preferably, the connective tissue is a tendon. 
The invention also relates to the method wherein introducing 
the platelet composition into and around the lesion comprises 
activating platelets in the platelet composition through the 
action of collagen present in the patient’s connective tissue. 
The invention also relates to the method wherein the platelet 
composition is at or above physiological pH. The invention 
also relates to the method wherein the platelet composition 
comprises platelets obtained from the patient. 
[0050] In yet another aspect, the invention relates to a com 
position comprising: platelet releasate wherein the composi 
tion is at a pH greater than or equal to physiological pH, and 
wherein the composition comprises substantially no unacti 
vated platelets. 
[0051] In a further aspect, the invention relates to a method 
of treating lesions resulting from acute injury to or chronic 
disorders of the Medial Collateral Ligament of the knee or 
elbow, Extensor Carpi Radialis Brevis tendon, Anterior 
Talo?bular Ligament at the ankle, Achilles tendon, posterior 
tibial tendon, patellar tendon, quadriceps tendon, Anterior 
Cruciate Ligament, Posterior Cruciate Ligament, spinal liga 
ments, disc materials, rotator cuff tendons, or biceps tendons 



US 2008/0248085 A1 

comprising: obtaining a platelet composition; determining a 
location of the lesion; and introducing the platelet composi 
tion into and around the lesion, With the proviso that substan 
tially no activator is added to the platelet composition prior to 
its introduction into and around the lesion. In an aspect, the 
invention relates to the method Wherein the platelet compo 
sition is minimally invasively introduced into and around the 
lesion. In an aspect, the invention relates to the method 
Wherein the platelet composition comprises platelet-rich 
plasma. In an aspect, the invention relates to the method 
further comprising: mixing into the platelet composition sub 
stantially simultaneously With its minimally invasive intro 
duction into and around the lesion one or more of the ingre 
dients selected from thrombin, epinephrine, collagen, 
calcium salts, pH adjusting agents. Also useful are materials 
to promote degranulation or preserve platelets, additional 
groWth factors or groWth factor inhibitors, small molecule 
pharmaceuticals such as NSAIDS, steroids, and anti-infec 
tive agents. In an aspect, the invention relates to the method 
Wherein obtaining the platelet composition comprises: draW 
ing blood from a human or non-human animal; and centri 
fuging the bloodto obtain a plasma-rich fraction. In an aspect, 
the invention relates to the method Wherein the platelet com 
position is at or above physiological pH. In an aspect, the 
invention relates to the method Wherein the platelet compo 
sition comprises platelets obtained from the patient. 
[0052] In a further aspect, the invention relates to a method 
of treating lesions resulting from injury or chronic disorders 
of cardiac muscle, skeletal muscle, organ systems, vascular 
tissue, disc material, spinal bodies, spinal cord, and brain 
tissue comprising: obtaining a platelet composition; deter 
mining a lesion in need of treatment; and minimally inva 
sively introducing the platelet composition into and around 
the lesion. In an aspect, the invention relates to the method 
Wherein the platelet composition optionally includes platelet 
releasate. In an aspect, the invention relates to the method 
further comprising: mixing into the platelet composition one 
or more of the ingredients selected from thrombin, epineph 
rine, collagen, calcium salts, and pH adjusting agents. Also 
useful are materials to promote degranulation or preserve 
platelets, additional groWth factors or groWth factor inhibi 
tors, small molecule pharmaceuticals such as NSAIDS, ste 
roids, and anti-infective agents. In an aspect, the invention 
relates to the method Wherein obtaining the platelet compo 
sition comprises: draWing blood from a human or non-human 
animal; and centrifuging the blood to obtain a platelet-rich 
fraction. In an aspect, the invention relates to the method 
Wherein the platelet composition is at or above physiological 
pH. In an aspect, the invention relates to the method Wherein 
the platelet composition comprises platelets obtained from 
the patient. 
[0053] In an aspect, the invention relates to the method 
Wherein the patient’s connective tissue is selected from: ten 
dons, ligaments, joint capsules, and fascial tissues. In an 
aspect, the invention relates to the method Wherein obtaining 
the platelet composition comprises: draWing blood from a 
human or non-human animal; and centrifuging the blood to 
obtain a plasma-rich fraction. In an aspect, the invention 
relates to the method Wherein the platelet composition com 
prises platelet-rich plasma. In an aspect, the invention relates 
to the method With the proviso that the platelet composition is 
substantially free from exogenous activators prior to its intro 
duction into and around the region of the incomplete repair in 
the patient’s damaged or injured tissue. In an aspect, the 
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invention relates to the method Wherein the platelet compo 
sition comprises platelets obtained from the patient. 
[0054] The term “PRP” is used synonymously With plate 
let-rich plasma and as used herein, is a broad term Which is 
used in its ordinary sense and is additionally de?ned for 
purposes of this application as a concentration of platelets 
greater than the peripheral blood concentration suspended in 
a solution of plasma or other excipient suitable for adminis 
tration to a human or non-human animal including, but not 
limited to isotonic sodium chloride solution, physiological 
saline, normal saline, dextrose 5% in Water, dextrose 10% in 
Water, Ringer solution, lactated Ringer solution, Ringer lac 
tate, Ringer lactate solution, and the like. Typically, platelet 
counts in PRP as de?ned herein range from 500,000 to 1,200, 
000 per cubic millimeter, or even more. PRP as de?ned herein 
comprises unactivated platelets, activated platelets, platelet 
releasate(s), or the like, or any combination thereof. PRP is 
formed from the concentration of platelets from Whole blood, 
and may be obtained using autologous, allogenic, or pooled 
sources of platelets and/or plasma. PRP may be formed from 
a variety of animal sources, including human sources. In 
preferred embodiments, PRP according to the invention is 
buffered to physiological pH. 
[0055] Platelets are cytoplasmic portions of marroW mega 
karyocytes. They have no nucleus for replication; the 
expected lifetime of a platelet is some ?ve to nine days. 
Platelets are involved in the hemostatic process and release 
several initiators of the coagulation cascade. Platelets also 
release cytokines involved With initiating Wound healing. The 
cytokines are stored in alpha granules in platelets. In response 
to platelet to platelet aggregation or platelet to connective 
tissue contact, as Would be expected in injury or surgery, the 
cell membrane of the platelet is “activated” to secrete the 
contents of the alpha granules. The alpha granules release 
cytokines via active secretion through the platelet cell mem 
brane as histones and carbohydrate side chains are added to 
the protein backbone to form the complete cytokine. Platelet 
disruption or fragmentation, therefore, does not result in 
release of the complete cytokine. 
[0056] A Wide variety of cytokines are released by activated 
platelets. Platelet derived groWth factor (PDGF), transform 
ing groWth factor-beta (TGF-B), platelet-derived angiogen 
esis factor (PDAF) and platelet derived endothelial cell 
groWth factor (PD-ECGF) and insulin-like groWth factor 
(IGF) are among the cytokines released by degranulating 
platelets. These cytokines serve a number of different func 
tions in the healing process, including helping to stimulate 
cell division and promote vasculariZation/revasculariZation at 
an injury site. They also Work as poWerful chemotactic factors 
for mesenchymal cells, monocytes and ?broblasts, among 
others. For the purposes of this patent, the term “releasate” 
refers to the internal contents of the platelet, including cytok 
ines, Which have the potential to affect another cells ’ function. 

[0057] Historically, PRP has been used to form a ?brin 
tissue adhesive through activation of the PRP using thrombin 
and calcium, as disclosed in Us. Pat. Nos. 5,165,938 to 
Knighton, and 5,599,558 to Gordinier et al., incorporated in 
their entirety by reference herein. Activation results in release 
of the various cytokines and also creates a clotting reaction 
Within various constituents of the plasma fraction. The clot 
ting reaction rapidly forrns a platelet gel (PG) Which can be 
applied to various Wound surfaces for purposes of hemosta 
sis, sealing, and adhesion. 
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[0058] For instance, PG has been employed to assist With 
hemostasis in spine surgery and in a rat liver laceration model. 
One recent investigation showed that use of PG resulted in a 
signi?cant reduction in post-op narcotic use, a reduction in 
post-op hemoglobin drop and faster return of functional range 
of motion after total knee replacement. PG has also been used 
in Wound sealing. One study employed autologous PG as a 
sealant for craniotomy procedures and noted success in 3 9 out 
of 40 patients. PG has further been noted to augment bone 
healing. One controlled randomiZed prospective trial of 88 
patients revealed a 2 fold increase in radiographic bone matu 
ration and a 50% improvement in histologic bone density 
When PG Was used (Marx, et al., Oral Surg. Oral Med. Oral 
Path. 1998, vol. 85(6): 638-646). In cardiac and vascular 
surgery PG is being employed to reduce the incidence of 
post-op Wound dehiscence and infection (Kjaergard, et al., 
Eur J Cardio-Thoracic Surg. 1996, vol 10: 727-733; Slater, et 
al., J Ortho Res. 1995, vol 13: 655-663; Sumner et al. J. Bone 
Joint Surg. (Am) 1995, vol 77:1135-1147; Sethi, et al. Pre 
sented at International Society for the Study of Lumbar Spine, 
June 2001). 
[0059] HoWever, in none of the above applications and 
published documents has it ever been disclosed that PRP 
could be used surgically outside of the context of PG for any 
purposes other than platelet transfusions to a patient. It is one 
unique feature of this invention that platelets do not need to be 
activated prior to their introduction into a patient during the 
practice of the present invention. 
[0060] In another embodiment, the inventive platelet com 
position may comprise releasate from platelets, in addition to 
platelets themselves. The releasate comprises the various 
cytokines released by degranulating platelets upon activation. 
Many activators of platelets exist; these include calcium ions, 
thrombin, collagen, epinephrine, and adenosine diphosphate. 
Releasates according to the invention may be prepared 
according to conventional methods, including those methods 
described in US. Pat. Nos. 5,165,938 to Knighton, and 5,599, 
558 to Gordinier et al. 

[0061] One disadvantage of conventional releasate strate 
gies associated With the use of PRP as PG is the use of 
thrombin as a preferred activator. In particular, much throm 
bin used in PG is bovine thrombin, Which can create problems 
due to contamination issues regarding CreutZfeldt-Jakob dis 
ease. Many bovine materials are suspect due to possible prion 
contamination, and so use of bovine thrombin is disfavored in 
surgery. Human pooled thrombin is likeWise disfavored due 
to the potential of contamination With various materials such 
as viruses, prions, bacteria and the like. Recombinant human 
thrombin might also be used, but is quite expensive. 
[0062] It is a particular advantage of the present invention 
that exogenous or extra activators need not be administered to 
a patient. Collagen, a major component of connective tissues, 
is a strong activator of platelets. Thus, When the inventive 
platelet composition is introduced into and/ or around connec 
tive tissue, platelets in the platelet composition may bind to 
the collagen and then be activated. This reduces or eliminates 
the need for administering an exogenous activator such as 
thrombin. The disadvantages of thrombin use have been 
noted above. Other strong activators, such as calcium ions, 
can cause severe pain, intentional clotting, and other undesir 
able side effects. Thus, in an embodiment of the invention, no 
or substantially no exogenous activator is present or added as 
part of the inventive platelet composition, or is used in the 
preparation of the inventive platelet composition. Of course, 
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exogenous activators may still be employed if a physician 
determines that they are medically necessary or desirable. 
[0063] The platelet composition may be prepared using any 
conventional method of isolating platelets from Whole blood 
or platelet-containing blood fractions. These include cen 
trifugal methods, ?ltration, af?nity columns, and the like. If 
the platelet composition comprises PRP, then conventional 
methods of obtaining PRP, such as those disclosed inU.S. Pat. 
Nos. 5,585,007 and 5,788,662 both to Antanavich et al., 
incorporated herein by reference in their entirety, may be 
utiliZed. 
[0064] The platelet-rich plasma composition may be deliv 
ered to an individual in need thereof by conventional means 
Which include injection using a syringe or catheter. The plate 
let-rich plasma composition may also be delivered via a der 
mal patch, a spray device or in combination With an ointment, 
bone graft or drug. It may further be used as a coating on 
suture, stents, screWs, plates or some other implantable medi 
cal device. Finally, it may be used in conjunction With a 
bioresorbable drug or device. 
[0065] The site of delivery of the platelet-rich plasma com 
position is at or near the site of tissue injury and/ or damage. 
The site of tissue injury or damage is determined by Well 
established methods including imaging studies and patient 
feedback or a combination thereof. The preferred imaging 
study used is determined by the tissue type. Commonly used 
imaging methods include, but are not limited to MRI, X-ray, 
CT scan, Positron Emission tomography (PET), Single Pho 
ton Emission Computed Tomography (SPECT), Electrical 
Impedance Tomography (EIT), Electrical Source Imaging 
(ESI), Magnetic Source Imaging (MSI), laser optical imaging 
and ultrasound techniques. The patient may also assist in 
locating the site of tissue injury or damage by pointing out 
areas of particular pain and/ or discomfort. 

[0066] Adjusting the pH of platelet compositions has been 
used to prolong the storage time of unactivated platelets, as 
disclosed in US. Pat. Nos. 5,147,776 to Koerner, Jr. and 
5,474,891 to Murphy, incorporated by reference herein. pH 
may be adjusted using a variety of pH adjusting agents, Which 
are preferably physiologically tolerated buffers, but may also 
include other agents that modify pH including agents that 
modify lactic acid production by stored platelets. Especially 
useful are those pH adjusting agents that result in the pH of 
the platelet composition becoming greater than or equal to 
physiological pH. In an embodiment, the pH adjustment 
agent comprises sodium bicarbonate. Physiological pH, for 
the purposes of this invention, may be de?ned as being a pH 
ranging from about 6.5-8.0, more preferably from 7.3 to 7.5, 
yet more preferably from about 7.35 to about 7.45. pH adjust 
ing agents useful in the practice of this invention include 
bicarbonate buffers (such as sodium bicarbonate), calcium 
gluconate, choline chloride, dextrose (d-glucose), ethyl 
enebis(oxyethylenenitrilo)tetraacetic acid (EGTA), monoba 
sic phosphate, 4-(2-hydroxyethyl)-1-piperaZineethane 
sulfonic acid (HEPES), maleic acid, 
4-morpholinepropancsulfonic acid (MOPS), 1,4-pipera 
Zinebis(ethanesulfonic acid) (PIPES), N-tris(hydroxym 
ethyl)methyl-2-aminoethanesulfonic acid (TES), tris(hy 
droxymethyl)aminomethane (TRIS BASE), tris 
(hydroxymethyl)aminomethane hydrochloride (TRIS.HCl), 
and urea. In a preferable embodiment, the pH adjusting agent 
is a bicarbonate buffer, more preferably, sodium bicarbonate. 

[0067] For the purposes of this patent, the term “tissues” 
includes but is not limited to cardiac and skeletal muscle, disc 
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material, vertebral bodies, internal organs, brain and spinal 
cord tissue, vascular tissue such as arteries and veins and 
non-differentiated tissue. 
[0068] For the purposes of this patent, connective tissues 
comprise tendons, ligaments, fascial tissues, and joint cap 
sules. In a preferable embodiment, connective tissues com 
prise the Medial Collateral Ligament of the knee or elboW, 
Extensor Carpi Radialis Brevis tendon (tennis elboW), Ante 
rior Talo?bular Ligament at the ankle, Achilles tendon, Ante 
rior Cruciate Ligament, Posterior Cruciate Ligament, poste 
rior tibial tendon, patellar tendon, quadriceps tendon, rotator 
cuff tendon, plantar fascia and biceps tendons. 
[0069] Incomplete repair, as it is used in the context of this 
patent application, may be de?ned to mean repair that is 
disorganiZed, substantially non-existent (such as in the case 
of an unhealed tear), or otherWise pathological. DisorganiZed 
repair is characterized by a disorganized angio?broblastic 
dysplasia, With degenerative, immature and avascular tissue. 
Such tissue is Weaker than normal connective tissue and lacks 
the strength to function normally. This tissue also limits the 
patient by causing pain and negatively impacting the patient’s 
quality of life. Substantially non-existent repair might occur 
in a situation Where a connective tissue is torn and does not 
heal properly subsequently to the tear. OtherWise pathologi 
cal repair may be any other type of repair in Which the tissue 
is not repaired to be substantially the same as the tissue Was 
before tissue repair Was necessary. 
[0070] Preferred embodiments of the invention are directed 
to a kit for the treatment of a tissue injury. In preferred 
embodiments, the tissue injury is a tendonitis or tendinosis. 
Preferably, the tendinosis is lateral epicondylitis (tennis 
elboW), plantar fasciitis, or rotator cuff injury. The kit con 
tains components to draW blood, a tube to fractionate the 
blood in a centrifuge and components to apply PRP obtained 
from the tube for the treatment of the tendinosis. A preferred 
embodiment of a kit according to the invention is shoWn in 
FIG. 1. 

[0071] Preferably, the kit and kit components are provided 
in a sterile condition With an expiration date. In preferred 
embodiments, the kit is steriliZed by expo sure to a minimum 
dose of 25 kGy gamma radiation or by ethylene oxide gas. 
[0072] The kit includes materials for preparation of plate 
let-rich plasma and for administration of the PRP to an indi 
vidual in need of treatment. In preferred embodiments, the kit 
includes a pH adjusting agent, preferably a sodium bicarbon 
ate solution [30]. Preferably, the pH is adjusted to about 7.4. 
As used herein, the term “autologous platelet extract 
(APEX)” is used to refer to PRP With pH adjusted to physi 
ological pH. Optionally, the kit may also include an exercise 
protocol and physical therapy aids such as a resistance band, 
e.g., Thera-Band®, exercise ball, or the like for further treat 
ment of the injury after administration of APEX (not shoWn). 
A syringe and tourniquet are provided to draW blood for 
preparation of the PRP [10, 26]. One skilled in the art Would 
be able to determine the amount of blood to WithdraW for the 
speci?c injury treatment. Generally, 20-150 cc of blood is 
draWn, more preferably, 27-110 cc. In a preferred embodi 
ment, 27 cc-55 cc of blood is WithdraWn to provide platelets 
Which are resuspended in 1-6 cc of PRP. HoWever, larger or 
smaller quantities of blood or plasma may be used as the 
starting material to provide proportionally larger or smaller 
quantities of PRP (see Table 1 below). The blood or plasma 
may also be pooled from more than one source. In preferred 
embodiments, the platelet-rich plasma (PRP) is isolated from 
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the patients oWn blood. In alternate embodiments the source 
may be allogenic, or pooled sources of platelets and/or 
plasma. 
[0073] In preferred embodiments, the kit also includes an 
anticoagulant such as citrate dextrose solution [24]. The 
amount of anticoagulant in the kit depends upon the amount 
of blood draWn Which depends upon the type of injury treated 
by the kit. One skilled in the art Would knoW hoW much citrate 
dextrose to add to prevent blood coagulation for a given 
sample siZe. Typically fora 55 cc blood sample, 5 cc of citrate 
dextrose solution is added for anticoagulation. See Table 1 
below. 

TABLE 1 

Amount ofanti-coagulant and platelet yields for typical blood 
volumes (for GPS ® II Concentrator). 

Blood draW 27 cc 55 cc 110 cc 

ACD-A 3 cc 5 cc 10 cc 

(citrate dextrose 
anticoagulant) 
Platelet concentrate 3 cc 6 cc 12 cc 

volume 

[0074] In preferred embodiments, the pH of the PRP is 
adjusted to physiological pH and the kit includes a ph adjust 
ing agent. Preferably, the pH adjusting agent is a biocompat 
ible buffer such as HEPES, TRIS, monobasic phosphate, 
monobasic bicarbonate, or any of the buffers described above, 
capable of adjusting the PRP to physiological pH. In pre 
ferred embodiments the pH is adjusted to betWeen 6.5 and 
8.0. In a most preferred embodiment, the kit includes a vial 
containing sodium bicarbonate solution, 1 mEq/ml (84 
mg/mL), for adjusting the pH of the PRP to about 7.4 [30]. In 
most preferred embodiments, the platelet-rich plasma (PRP) 
is isolated from the patients oWn blood and is buffered to 
about pH 7.4. This buffered PRP is sometimes referred to 
herein as autologous platelet extract (APEX). 
[0075] The kit preferably includes a local anesthetic such as 
anbesol, benZocaine, lidocaine, procaine, bupivicaine, or any 
appropriate anesthetic knoWn in the art. In preferred embodi 
ments, the anesthetic is bupivacaine HCl [32]. In preferred 
embodiments, the concentration of the bupivacaine HCl is 
0.l-l%, preferably about 0.5%. In some preferred embodi 
ments, the anesthetic includes epinephrine. Epinephrine is 
included at a ratio of l:l00,000 to l:300,000. Preferably, 
epinephrine is included at a concentration of about 1 :200,000. 
[0076] The kit preferably includes syringes of appropriate 
siZe to draW blood from the patient for preparation of autolo 
gous PRP, and administration of the anesthetic and APEX 
compositions. Syringes useful in a preferred embodiment of 
the invention adapted for treatment of tennis elboW are pro 
vided in Table 2 beloW [10, l2, 14, 22, 28, 34, 36, 38, 40]. 
[0077] Additionally, the kit may include a steriliZing solu 
tion for treatment of the skin prior to administration of APEX 
such as iodine (betadine). In preferred embodiments, 3 beta 
dine sWab sticks are included in the kit [42]. The kit also 
includes bandaging material to stop any bleeding caused by 
the WithdraWal of blood or injection of APEX into the patient 
such as gauZe pads and/or bandaid(s) [16, 44]. 
[0078] Preferably, the kit includes a procedure instruction 
sheet and an exercise sheet including stretching and/or 
strengthening exercises for the patient. In some embodiments 
to facilitate appropriate strengthening exercises, a physical 
therapy aid such as a resistance therapy band, e.g, Thera 
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Bband® strengthening tubing is included in the kit. For treat 
ment of tennis elbow, typically a medium strength resistance 
therapy band is included. 
[0079] In preferred embodiments, the kit includes a dispos 
able separation tube that is adapted to be placed in a centrifu 
gation device for concentrating platelets [48, 50] . An example 
of such a separation tube is the GPS® II and GPS® Mini 
disposable separation tube from Cell Factor Technologies, 
Inc. a Wholly oWned subsidiary of Biomet, Inc. 
[0080] Optionally, the kit may also include a centrifuge for 
concentrating the platelets. Isolation of platelets depends 
upon the density difference betWeen platelets and red blood 
cells. The platelets and White blood cells are concentrated in 
the layer betWeen the platelet depleted plasma (top layer) and 
red blood cells (bottom layer). In the GPS® II or GPS® Mini 
platelet concentrate system, a bottom buoy and a top buoy are 
used to trap the platelet-rich layer betWeen the upper and 
loWer phase. This platelet-rich layer may then be WithdraWn 
using a syringe or pipette. Generally, at least 60%, more 
preferably, at least 80% of the available platelets Within the 
blood sample Will be captured. These platelets are resus 
pended in a volume that is 3-20%, more preferably 5-10% of 
the sample volume. 
[0081] A preferred embodiment of the kit described above 
is provided in the folloWing Table 2 With reference to FIG. 1, 
Which shoWs a possible packaging for a preferred embodi 
ment of the kit. 

TABLE 2 

KIT COMPONENTS FOR Reference no. 
TREATMENT OF TENDINOSIS from FIG. 1 

30 cc syringe (GPS ® Mini) or 60 cc 10 
syringe (GPS ® II) 
30 cc syringe, sterile With luer tip 22 
10 cc syringe, sterile With luer tip 12 
5 cc syringe, sterile With luer tip 36 
1 cc insulin syringe With 28 g x 1/2" needle 34 

18 g infusion cannula With clamp 14 
25 g x 11/2" thin Wall needle 38 
22 g x 11/2" ultra thin Wall needle 40 
18 g centesis catheter, sterile 28 
Gauze, 2" x 2" pads 16 
Alcohol prep pads 18 
Adhesive tape, 1" x 11/2" yd. Transpore tape 20 
Citrate dextrose anticoagulant solution, USP, 24 
Solution A (ACD-A) 
Toumiquet, flat 1" x 18" 26 
50 ml vial sodium bicarbonate injection, USP (8.4%) 30 
Bupivacaine HCl and epinephrine injection 32 
(0.5% bupivacaine HCl and 
epinephrine 1: 200,000 injection 
Povidone-iodine sWab stick (3 pack) 42 
1" x 3" sterile bandage 44 
GPS ® Mini disposable separation tube (30 cc) 48, 50 
or GPS ® II (60 cc) 
Instruction sheet for preparation of PRP 
Instruction sheet for administration of PRP 

[0082] In preferred embodiments, the kit is employed in the 
folloWing method. PRP is prepared from either an autologous 
or allogenic source, or pooled sources of platelets and/or 
plasma. Preferably, an autologous source is used and the 
blood is WithdraWn from a part of the body Which is not 
involved With the procedure, such as an uninvolved arm. 
Typically, about 55 cc of blood is WithdraWn into a 60 cc 
syringe [10] that contains 5 cc of the anticoagulant citrate 
dextrose solution [24]. In preferred embodiments, 5 cc of 
anticoagulant is draWn into a 60 cc syringe [10], attached to an 
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apheresis needle, and primed With anticoagulant [24]. Blood 
(27 cc-55 cc) is draWn from the patient using standard aseptic 
practice. 
[0083] In preferred embodiments, the blood is then centri 
fuged using the Cell Factor Technologies GPS System® (or 
other similar system) folloWing the instructions of the manu 
facturer. Typically, the blood-?lled syringe containing 55 cc 
blood and 5 cc citrate dextrose is sloWly transferred to a 
disposable separation tube [48, 50] Which is loaded into a port 
on the GPS centrifuge. The sample is capped and placed into 
the centrifuge. The centrifuge is counterbalanced With 60 cc 
sterile saline, placed into the opposite side of the centrifuge. 
Alternatively, if tWo samples are prepared, tWo GPS dispos 
able tubes are ?lled With equal amounts of blood and ACD-A 
[24]. The samples are centrifuged to separate platelets from 
blood and plasma. Typically, samples are centrifuged at about 
2000-5000 rpm for 5 min. to 30 min. In a preferred embodi 
ment, centrifugation is performed at 3200 rpm for 15 min. 
The isolated platelets are suspended in 3-5 cc plasma by 
agitation. The PRP is then extracted from a side port using a 
10 cc syringe [12]. When starting With 55 cc of blood, nor 
mally about 5 cc of platelet-rich plasma is obtained. 
[0084] The PRP is then buffered using the buffering agent 
[30] from the kit, preferably, 8.4% sodium bicarbonate for 
each cc of PRP, 0.05 cc of 8.4% sodium bicarbonate is added. 
For example, if 5 cc PRP is obtained, 0.25 cc of sodium 
bicarbonate Would be added to provide the desired Ph of 
approximately 7.4. Table 3 beloW provides the appropriate 
quantity of 8.4% sodium bicarbonate. The syringe is gently 
shaken to mix the PRP and bicarbonate to form APEX. 

TABLE 3 

8.4% SODIUM 
PRP (cc) BICARBONATE BUFFER (cc) 

0.05 
0.10 
0.15 
0.20 
0.25 
0.30 @kIl-BUJIUH 

[0085] For treatment of tennis elboW, the patient is placed in 
the supine position for preparation of tendon injection. The 
skin is sterilely prepped With the iodine sWabs [42] from the 
kit. A numbing injection using an anesthetic such as bupiv 
acaine HCl [32], optionally With epinephrine, from the kit is 
administered. Typically, about 2-3 cc of 0.5% bupivacaine 
HCl and epinephrine is injected super?cially in the skin and 
dermis over the common extensor tendon origin using the 25 
g needle [38] from the kit. Preferably, a small portion is 
injected into the tendon. A short period of time is alloWed for 
the numbing injection to take effect, typically 1-5 min., pref 
erably about 2 min. 
[0086] The PRP is administered to the treatment area. 1-5 
cc, preferably 2-3 cc, of the buffered PRP is injected into the 
extensor carpi radialis brevis tendon and surrounding area, 
using the 22 g needle [40] from the kit. In some embodiments, 
a small amount of bupivacaine and/or epinephrine can be 
placed into the syringe containing PRP prior to injection. 
Preferably, a single skin poke is used With multiple penetra 
tions into the tendon (peppering technique). In a preferred 
administration for treatment of tennis elboW, 2 penetrations 
are made into the lateral epicondyle and 5 penetrations into 
the tendon. 
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[0087] Following the injection, the individual receiving the 
injection is kept in the supine position With the elboW sup 
ported for an appropriate time interval, preferably about 
10-30 min. for treatment of tennis elboW, more preferably 
about 15-30 min., most preferably about 15-20 min. Typi 
cally, the patient is then sent home With a pain control agent 
such as Vicodin for use overnight. Tylenol is an alternate 
preferred pain control agent. Cold therapy/icing may also be 
used. Non-steroidal anti-in?ammatory medication is not rec 
ommended po st-operatively. 
[0088] Preferably, the patient then begins a home exercise 
program using the instruction sheet provided in some 
embodiments of the kit and exercise band provided in some 
embodiments of the kit. Exercises may also be found at http:// 
WWW.emedx.com. For tennis elboW, typically the stretching 
exercises are initiated 12-48 hours after the injection, more 
preferably about 24 hours after the injection. The strengthen 
ing program is started preferably 1-3 Weeks after the injec 
tion, preferably at about 2 Weeks after the injection. One 
skilled in the art Would understand hoW to advise an indi 
vidual on an exercise program. The nature of the exercise 
program and the time interval betWeen the injection and start 
ing the program Would depend upon the nature and severity of 
the injury being treated. 
[0089] Modi?cations according to the particular injury 
being treated are Within the skill in the art. For example, the 
above procedure is readily adaptable to the treatment of plan 
tar fasciitis. In the case of plantar fasciitis, hoWever, it is 
preferred to immobilize the treated foot With a cast or brace 
for a period of up to one Week, preferably about 2 days after 
the treatment. The patient may then add activities as tolerated 
and appropriate stretching and/ or strengthening exercises are 
initiated. 

[0090] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
present invention Without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention 
cover the modi?cations and variations of the present inven 
tion provided that they come Within the scope of the appended 
claims and their equivalents. While the described methods 
and kits are believed to be Widely applicable to a variety of 
injury treatments, this belief is in no Way to be construed as an 
endorsement of off-label use of the kits and/or methods 
described herein. The folloWing examples are illustrative of 
the present invention, and are not intended to limit it. 

EXAMPLES 

Example 1 

[0091] PRP Was prepared using a centrifuge unit made by 
Harvest (Plymouth, Mass.). (Similar units are available as 
The Cell Factor Technologies GPS system, the Depuy Sym 
phony machine and the Medtronic Magellan machine.) 
Approximately 55 cc of blood Was draWn from the patient 
using a standard sterile syringe, combined With 5 cc of a 
citrate dextrose solution for anticoagulation, and then spun 
doWn to isolate the platelets according to the manufacturer’s 
protocol. These platelets Were then resuspended in approxi 
mately 3 cc of plasma. The resulting platelet-rich plasma 
solution (PRP) Was quite acidic and Was neutraliZed With 
using approximately 0.05 cc of an 8.4% sodium bicarbonate 
buffer per cc of PRP under sterile conditions to approximately 
physiologic pH of 7.4. The PRP Was not activated through 
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addition of exogenous activators. This PRP composition is 
referred to herein as autologous platelet extract (APEX). 

Example 2 

[0092] Fifty cc of Whole blood is draWn from a patient, and 
then prepared according to the method of Knighton, US. Pat. 
No. 5,165,938, column 3. The PRP is activated according to 
Knighton using recombinant human thrombin. The degranu 
lated platelets are spun doWn and the releasate containing 
supernatant is recovered. The releasate may be optionally pH 
adjusted to a pH of 7.4 using sodium bicarbonate buffer. 

Example 3 

[0093] Thirty ml of Whole blood Were draWn from a patient. 
A platelet composition Was prepared according to Example 1 
of US. Pat. No. 5,510,102 to Cochrum, incorporated herein 
by reference in its entirety, except that no alginate is added to 
the platelet composition. 

Example 4 

[0094] A study of the effects of the PRP compositions 
described herein Was done using patients presenting With 
lateral epicondylitis (tennis elboW) Which had failed non 
operative treatment (anti-in?ammatory medication, bracing 
rest and physical therapy). The patients Were evaluated to 
obtain a visual pain score, a Mayo ElboW Score, and grip 
strength. For the visual analog pain score, Zero equals “no 
pain” and 100 equals “the Worst pain possible.” The Mayo 
elboW score is an overall function score With a higher score 
indicating better overall function. The values of the tWo 
scores Were statistically evaluated using a paired sample T 
test With signi?cance set at p<0.05. 
[0095] Individuals Were selected for the study by the fol 
loWing criteria. All study participants had symptoms greater 
than 3 months and had failed non-operative treatment such as 
a standardiZed physical therapy protocol, NSAlDs, bracing, 
and cortisone injection (s). All study participants scored fair 
or poor by Mayo ElboW Score (pain, ROM, strength, ADLs). 
All study participants had pain greater than or equal to 60/100 
onV1sual Analog Score and no other systemic or local issues 
such as CTS, Shoulder lmpingement, RA, Radiculopathy. 
Out of 140 consecutive patients evaluated, tWenty (15%) met 
the strict inclusion criteria. 
[0096] After obtaining informed consent, the patients Were 
formally enrolled in the study and randomly assigned to 
either the APEX treatment group or control. Group 1 included 
patients treated With PRP (N :15). Group 2 included patients 
treated With Bupivicaine (N:5). 
[0097] Each patient Was then given 5 mg of Valium po. 30 
minutes prior to the inventive tendon procedure. Patients Were 
then prepped and draped in a sterile manner. A local anes 
thetic of 0.5% bupivicaine With epinephrine Was in?ltrated 
into the skin, subcutaneous structures and extensor carpi 
radialis brevis tendon. Care Was taken to keep the local anes 
thetic out of the elboW joint. 
[0098] TWo to three minutes after administration of the 
local anesthetic, approximately 3-5 cc of the APEX compo 
sition of Example 1 Was introduced into the extensor carpi 
radialis brevis tendon at the elboW via a 22 gauge needle. The 
control group received a numbing shot (Bupivicaine). Mul 
tiple punctures into the tendon approximately 0.5-1 cm from 
its origin Were made. Promptly after the minimally invasive 
introduction of either the APEX composition of Example 1 or 



US 2008/0248085 Al 

the numbing shot, the patient’s arm Was immobilized at about 
90% of ?exion Without elevation of the arm or hand. The 
surgical area Was then sterilely dressed and the patient asked 
not to move their arm for 30 minutes. Each patients ’ neurovas 

cular, pain and function status Was evaluated shortly after the 
injection, and at 30 minutes following the end of the proce 
dure. Patients in the study received no NSAlDs or other 
treatments. They Were instructed to folloW a standardized 
stretching and strengthening program at 2-3 days after the 
procedure and to return to activities as tolerated at 4 Weeks. 
The visual pain score, Mayo Elbow Score, and grip strength 
Were all monitored post-procedure. 
[0099] The results are shoWn in FIG. 2 for the Visual Ana 
log Pain scores at 4 and 8 Weeks. FIG. 2 indicates a 46% 
improvement in the APEX treated group compared With 17% 
improvement for the control. At 8 Weeks, there Was a signi? 
cant 60% improvement in the APEX treated group compared 
With only 16% improvement in the control group. 
[0100] Mayo elboW scores are shoWn in FIG. 3. FIG. 3 
indicates a 42% improvement in the APEX treated group 
compared to 20% improvement in the control at 4 Weeks. At 
8 Weeks, there is an increased improvement of 52% in the 
APEX treatment group and only a 14% improvement in the 
control group. After 8 Weeks, 60% of the control patients 
either sought treatment outside the protocol or formally With 
dreW from the study. 
[0101] The improvement seen in the control may be attrib 
uted to the observed phenomenon that insertion of a needle 
into a painful area Without drug delivery (dry needling), Will 
result in some relief from pain symptoms. HoWever, the sig 
ni?cantly larger improvements in elboW function and pain 
level clearly demonstrate the ef?cacy of the APEX treatments 
that are an aspect of the present invention. 
[0102] The patients Who had received the APEX treatment 
Were again evaluated at six months. FIG. 4 shoWs the average 
pain scores of the PRP treated patients. At six months, there 
Was an 81% improvement in visual analog pain scores. FIG. 
5 shoWs a similar dramatic improvement in Mayo elboW 
scores Which Was a 72% improvement. At 6 months, 87% of 
the APEX patients Were in the good or excellent category by 
the Mayo elboW score. All individuals Were initially either 
fair or poor. 

[0103] APEX has also been used to augment several tendon 
surgeries including Achilles tendon repairs, patellar tendon 
repair, quad tendon repair, and triceps tendon repair With 
similar positive results (data not shoWn). 

Example 5 

[0104] A patient presents With Plantar fasciitis. 30-60 cc of 
Whole blood is WithdraWn from a peripheral vein. APEX is 
prepared as described in Example 1. Basically, platelet-rich 
plasma is processed from the blood by centrifugation using 
the Cell Factor Technologies GPS machine (or any other 
commercial machine) to process the blood according to the 
manufacturer’s protocol. PRP is buffered to physiologic pH 
using 8.4% sodium bicarbonate to provide APEX. 
[0105] The area of maximal tenderness and pathology is 
identi?ed by clinical examination or image guidance (Ultra 
sound, MRI, CT). The area is prepared With a skin antiseptic. 
A local ?eld block is applied With marcaine. 
[0106] APEX is injected using a small gauge needle into 
and around the area of pathology of the plantar fascia. The 
area is dressed sterilely. The patient is instructed to avoid 
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Weight bearing on the treated area for 2 days. A stretching 
protocol is initiated at 48 hours. 

Example 6 

[0107] A patient presenting With Achilles tendinosis is 
given 5 mg of Valium po. 30 minutes prior to the inventive 
tendon procedure. The patient is then prepped and draped in 
a sterile manner. A local anesthetic of 0.5% bupivicaine With 
epinephrine is in?ltrated into the skin, subcutaneous struc 
tures and Achilles tendon. Care is taken to keep the local 
anesthetic out of the ankle joint. 
[0108] TWo to three minutes after administration of the 
local anesthetic, approximately 3-5 cc of the APEX compo 
sition of Example 1 is introduced into the Achilles tendon just 
above the ankle via a 22 gauge needle. Multiple punctures 
into the tendon approximately 0.5-1 cm from its insertion are 
made. Promptly after the minimally invasive introduction of 
the platelet composition of Example 1, the patient’s loWer leg 
and foot are immobiliZed Without elevation of the leg. The 
surgical area is then sterilely dressed and the patient is asked 
not to move their leg for 30 minutes. The patient’s neurovas 
cular, pain and function status is evaluated shortly after the 
injection, and at 30 minutes folloWing the end of the proce 
dure. The patient is given oral narcotic pain medication as 
needed for the ?rst 24-48 hours after the procedure. The 
Achilles tendon remains immobiliZed for one Week folloWing 
the procedure, folloWed by an formal postoperative stretching 
and strengthening program initiated at 8-10 days after the 
procedure. 

Example 7 

[0109] A patient presenting With a medial collateral liga 
ment tear of the elboW is given 5 mg ofValium po. 30 minutes 
prior to the inventive tendon procedure. The patient is then 
prepped and draped in a sterile manner. A local anesthetic of 
0.5% bupivicaine With epinephrine is in?ltrated into the skin, 
subcutaneous structures and medial collateral ligament at the 
elboW. Care is taken to keep the local anesthetic out of the 
elboW joint. 
[0110] TWo to three minutes after administration of the 
local anesthetic, approximately 3-5 cc of the APEX compo 
sition of Example 1 is introduced into the medial collateral 
ligament at the elboW via a 22 gauge needle. Multiple punc 
tures into the ligament approximately 0.5-1 cm from its origin 
are made. Promptly after the minimally invasive introduction 
of the platelet composition of Example 1, the patient’s elboW 
and arm are immobiliZed at about 90% of ?exion Without 
elevation of the arm or hand. The surgical area is then sterilely 
dressed and the patient is asked not to move their arm for 30 
minutes. The patient’s neurovascular, pain and function status 
is evaluated shortly after the injection, and at 30 minutes 
folloWing the end of the procedure. The patient is given oral 
narcotic pain medication as needed for the ?rst 24-48 hours 
after the procedure. An optional formal post-operative 
stretching and strengthening program may be initiated at 2-3 
days after the procedure. 

Example 8 

Cardiac Muscle 

[0111] A patient presents With either an acute (i.e. heart 
attack) or chronic dysfunction (i.e. congestive heart failure) 
of cardiac muscle. An APEX composition is prepared as 
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described in Example 1. Approximately 0.05 cc of an 8.4% 
sodium bicarbonate buffer per cc of extract is used to raise the 
pH to or slightly above 7.4. The extract is not activated 
through the addition of exogenous agent(s). 
[0112] The APEX is then introduced into the area of dys 
functional cardiac muscle via a catheter. The APEX may also 
be combined With an implantable device such as a stent. 

Example 9 

Skeletal Muscle 

[0113] A patient presents With Weakness or atrophy of skel 
etal muscle. This could be the result of an injury or after a 
surgical procedure. Using the technique of Example 1, an 
autologous platelet extract (APEX) is obtained and buffered 
to physiologic pH. 
[0114] The area of Weakness or atrophy is identi?ed and 
then after using 0.5% bupivicaine With epinephrine as a local 
anesthetic, the APEX is introduced into the muscle via a 22 g 
needle. This can be done a single time or it may require 
multiple injections. Postoperatively, the patient is started on a 
site speci?c stretching and strengthening protocol. 

Example 10 

Disc Material/Vertebral Bodies 

[0115] A patient presents With loW back pain and either 
bulging or black discs on an MRI scan. Using the technique of 
Example 1, an autologous platelet extract (APEX) is obtained 
and buffered to physiologic pH. 
[0116] The disc in question is identi?ed by X-ray guidance 
and then the APEX is introduced into the disc space via small 
gauge catheter. This procedure could be done alone or in 
combination With a thermal/radiofrequency ablation proce 
dure. The APEX could also be injected into a vertebral body 
that has sustained a compression fracture With or Without the 
use of a balloon prior to injection. 

Example 11 

Pancreas/any lntemal Organ 

[0117] A patient presents With diabetes and poor insulin 
production. Using the technique of Example 1, an autologous 
platelet extract (APEX) is obtained and buffered to physi 
ologic pH. 
[0118] Under CT guidance and conscious sedation, the 
APEX is introduced via a small gauge catheter into the pan 
creas. The APEX is then injected into the islet cells to stimu 
late repair of these cells and thus restore insulin production. 

Example 12 

Brain/ Spinal Cord 

[0119] A patient presents With an acute neurologic de?cit 
such as a spinal cord injury or stroke. Using the technique of 
Example 1, an autologous platelet extract (APEX) is obtained 
and buffered to physiologic pH. 
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[0120] Under MRI guidance and conscious sedation, the 
APEX is introduced into the area of injury or de?cit. The 
APEX initiates or assists With repair of the locally damaged 
cells. 

Example 13 

Vascular Tissue 

[0121] A patient presents With an area of hypovascularity in 
his or her loWer extremities. The patient has a diagnosis of 
peripheral vascular occlusive disease. Using the technique of 
Example 1, an autologous platelet extract (APEX) is obtained 
and buffered to physiologic pH. 
[0122] The area of hypovascularity is blocked With bupiv 
icaine and then the APEX is introduced into either the muscle 
or soft tissue. The APEX induces angiogenesis, vasculariZa 
tion, and neW blood vessel formation. 

Example 14 

Wound Healing 

[0123] A patient presents With a chronic Wound that is not 
healing properly. This could be a diabetic foot ulcer. Using the 
technique of Example 1, an autologous platelet extract 
(APEX) is obtained and buffered to physiologic pH. 
[0124] The Wound is carefully cleansed and debrided as 
needed. The APEX is then carefully injected into and around 
the chronic Wound and its edges. It is held in place With an 
occlusive bandage or combined With an ointment. This pro 
cess may be repeated as needed until the Wound has healed. 

Example 15 

Neoplastic Tissue 

[0125] A patient presents With either a benign or malignant 
tumor or process. Using the technique of Example 1, an 
autologous platelet extract (APEX) is obtained and buffered 
to physiologic pH. The APEX can be used either in vivo or in 
vitro to initiate or induce tumor cell death. 

[0126] Speci?cally, the APEX is injected into a solid tumor 
With CT or MRI guidance via a small catheter. Alternatively, 
cancer cells after being groWn in an APEX media could be 
reintroduced back into the body to attack and kill the remain 
ing tumor. Without intending to be limited by theory, it is 
hypothesiZed that the APEX media has either the ability to 
cause tumor cell apoptosis (cell death) in vivo or it may have 
the ability to transform cancer cells into normal cells. 

Example 16 

Infections 

[0127] A patient presents With a super?cial or deep infec 
tion. Using the technique of Example 1, an autologous plate 
let extract (APEX) is obtained and buffered to physiologic 
pH. 
[0128] The area of the infection is identi?ed and the APEX 
is then directly applied or percutaneously introduced. This 
could be done under local or general anesthesia and With or 
Without imaging guidance. The APEX typically has a con 
centrated number of White blood cells along With platelets. 
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This combination of White blood cells and platelets either 
controls or eliminates an infection. 

Example 17 

Cell Cultures of Any Tissue 

[0129] A researcher or clinician Wishes to groW a cell cul 
ture of either ?broblasts or osteoarthritic cartilage cells. 
Using the technique of Example 1, an autologous platelet 
extract (APEX) is obtained and buffered to physiologic pH. 
[0130] Human ?broblast cells Were cultured in 10% Fetal 
Bovine Serum+/—Platelet Rich Plasma. As shoWn in FIG. 6, 
When APEX Was present, the proliferation rate Was 2.8 times 
higher at day 7. This result has been reproduced using differ 
ent cell densities for ?broblast cells. Similar experiments 
using hematopoetic stem cells have shoWn a nine fold 
increase in cell number in the presence of APEX compared to 
control after eight days of culture (data not shoWn). 
[0131] The cells are then isolated and groWn in a media rich 
in the APEX in various conditions and dilutions. The APEX 
promotes cell differentiation and production of proteins such 
as collagen. The APEX may augment or promote the ability of 
the cells to transform into normal cells. Without intending to 
be limited by theory, it is hypothesiZed the APEX may convert 
the osteoarthritic cartilage cells to a more functional cell line 
that is reinjected into a diseased or injured joint. Alternatively, 
the APEX is directly introduced into an osteoarthritic joint to 
reverse the course of the disease. This is done under local 
anesthesia in a sterile manner. 

[0132] Finally, the APEX may be used to help groW and 
differentiate any tissue or cell line in vivo or in vitro. 

Example 18 

Rotator Cuff Tendinosis 

[0133] A patient presenting With a rotator cuff tendinosis is 
given 5 mg of Valium po. 30 minutes prior to the inventive 
tendon procedure. The patient is then prepped and draped in 
a sterile manner. A local anesthetic of 0.5% bupivicaine With 
epinephrine is in?ltrated into the skin, subcutaneous struc 
tures and shoulder tendons. 
[0134] TWo to three minutes after administration of the 
local anesthetic, approximately 3-5 cc of the APEX compo 
sition of Example 1 is introduced into the shoulder tendons 
via a 22 gauge needle. Injection into more than one tendon 
may be required. Multiple punctures into the ligament 
approximately 0.5-1 cm from its origin are made. Promptly 
after the minimally invasive introduction of the platelet com 
position of Example 1, the patient’s shoulder and arm are 
immobiliZed. The surgical area is then sterilely dressed and 
the patient is asked not to move their arm for 30 minutes. The 
patient’s neurovascular, pain and function status is evaluated 
shortly after the injection, and at 30 minutes folloWing the end 
of the procedure. The patient is given oral narcotic pain medi 
cation as needed for the ?rst 24-48 hours after the procedure. 
An optional formal post-operative stretching and strengthen 
ing program may be initiated at 2-3 days after the procedure. 
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[0135] It Will be understood by those of skill in the art that 
numerous and various modi?cations can be made Without 
departing from the spirit of the present invention. Therefore, 
it should be clearly understood that the forms of the present 
invention are illustrative only and are not intended to limit the 
scope of the present invention. 
What is claimed is: 
1. A method for vasculariZing tissue With a compromised 

blood supply comprising: 
WithdraWing Whole blood from the individual; 
preparing platelet rich plasma from the Whole blood, 

Wherein the platelet rich plasma comprises one or more 
platelet groWth factors; and 

delivering the platelet rich plasma to the individual, 
thereby promoting vasculariZation. 

2. The method of claim 1, Wherein the platelet rich plasma 
is delivered to cardiac tissue. 

3. The method of claim 1, Wherein the compromised blood 
supply results from a heart attack. 

4. The method of claim 1, Wherein the compromised blood 
supply results from congestive heart failure. 

5. The method of claim 1, Wherein three to ?ve cubic 
centimeters of the platelet rich plasma is delivered to the 
individual. 

6. The method of claim 1, Wherein the platelet rich plasma 
has a physiological pH. 

7. The method of claim 6, Wherein the physiological pH is 
betWeen 6.5 and 8.0. 

8. The method of claim 7, Wherein the physiological pH is 
about 7.4. 

9. The method of claim 1, Wherein the plasma rich plasma 
comprises a releaseate. 

1 0. The method of claim 9, Wherein the releasate comprises 
calcium ions, thrombin, collagen, epinephrine, adenosine 
diphosphate, or a combination thereof. 

11. The method of claim 1, Wherein delivering the platelet 
rich plasma comprises implanting a medical device coated 
With the platelet rich plasma. 

12. The method of claim 11, Wherein the medical device is 
selected from the group consisting of a suture, a stent, a screW, 
and a plate. 

13. The method of claim 1, Wherein the platelet rich plasma 
comprises one or more groWth factors selected from the group 
consisting of platelet derived groWth factors, transforming 
groWth factor beta 1 and 2, ?bronection, vitronection, ?brin, 
insulin-like groWth factor, and some combination thereof. 

14. The method of claim 1, Wherein the platelet rich plasma 
comprises approximately 95% platelets. 

15. The method of claim 1, Wherein the vasculariZation 
includes cardiac vasculariZation. 

16. The method of claim 1, Wherein delivering the platelet 
rich plasma comprises injecting the platelet rich plasma into 
an individual. 

17. The method of claim 1, Wherein delivering the platelet 
rich plasma comprises delivering the platelet rich plasma 
using a catheter. 


