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Is Antiplatelet Therapy Contraindicated
After Platelet-Rich Plasma Treatment?
A Narrative Review
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Background: Antiplatelet therapies are often withheld before and after platelet-rich plasma product (PRPP) administration due to
theoretical concerns that therapies that inhibit the function of platelets would inhibit the effects of PRPP.

Purpose/Hypothesis: The purpose of this study was to evaluate the effect that antiplatelet therapies have on the ability of PRPP to
stimulate wound healing and tissue regeneration. Our hypothesis was that antiplatelet therapies would have highly heterogeneous
effects on the biological activity of PRPP.

Study Design: Narrative review.

Methods: The Medline database was searched via PubMed to identify all studies related to PRPP and antiplatelet therapies,
yielding 1417 publications. After the search was confined to articles published after 1995, there were 901 articles remaining. All
abstracts were then screened to identify animal or human clinical studies that focused on growth factor or inflammatory cytokine
production or treatment outcomes. We limited our analysis to studies reporting on orthopaedic pathologies and in vitro studies of
antiplatelet therapies. Ultimately, 12 articles fit the search criteria.

Results: The majority of studies reported on the use of nonsteroidal anti-inflammatory drugs as antiplatelet therapy. The majority of
studies were in vitro analyses of growth factors, inflammatory cytokines, or cell viability, whereas 1 study examined clinical out-
comes in an animal model. None of the studies investigated clinical outcomes in humans. All of the studies showed no effect or
mixed effects of antiplatelet therapies on PRPP efficacy. One study showed PRPP recovery to baseline function after a 1-week
washout period.

Conclusion: The literature did not provide support for the common clinical practice of withholding antiplatelet therapies in patients
being treated with PRPP.
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ducts began >20 years ago in oral and maxillofacial fields.?
Efficacy of these modalities has been shown in many
patient populations, including cardiac surgery,®® den-
tistry,2® and orthopaedics.*®

PRPP encompasses 4 autologous formulations: platelet-
rich plasma (PRP), platelet-rich fibrin, plasma rich in
growth factors (PRGF), and platelet-rich plasma gel. Each
formulation has a specific preparation protocol, and uses
vary by specialty.*184%"! The formulations are similar in
that they contain concentrations of platelets, growth fac-
tors, inflammatory cytokines, and other anabolic molecules
that are higher than are corresponding concentrations in
whole blood. Red blood cells are typically eliminated, but
different centrifugation protocols may either exclude or
concentrate leukocytes, producing either leukocyte-rich
PRP (LR-PRP) or leukocyte-poor PRP.*? Recent classifica-
tion systems also consider the use of PRPP activation,
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including which molecule is used to activate the biological
substance.!”** Wide variability is found in the final concen-
trations of the numerous anabolic and catabolic proteins in
the different formulations, resulting in differences in bio-
logical activity. Consequently, there is controversy over
which preparation is most efficacious in treating symptoms
or stimulating tissue regeneration.

Despite the frequent use of PRPPs, their mechanism
of action is not well understood. It is thought that the
benefits stem from the abundance of platelet-derived ana-
bolic factors, inflammatory cytokines, anti-inflammatory
mediators, vasoactive amines, and numerous other sig-
naling molecules found in a-granules and dense gran-
ules.! Important factors released by o-granules include
insulin-like growth factor 1, transforming growth factor
B (TGF-B), platelet-derived growth factor (PDGF), vascu-
lar endothelial growth factor (VEGF), and basic fibroblast
growth factor (FGF).*® Dense granules release serotonin,
adenosine, dopamine, calcium, histamine, adenosine
diphosphate (ADP), adenosine triphosphate, and cate-
cholamines.*® In addition, platelet activation leads to the
release of inflammatory mediators, which include plate-
let factor 4, interleukin (IL) 1B, and platelet basic pro-
tein.! In sum, these factors may influence cell
chemotaxis, cell migration, mitosis, extracellular matrix
production, and angiogenesis, leading to cell maturation,
differentiation, and eventual tissue repair.*®

In the setting of orthopaedic surgery, PRPPs have been
used to treat various pathologies. Clinical trials have
shown PRP is a promising treatment for lateral epicondy-
litig16-19:30,84,46,55,67 o4 ocho oo thritis,24:29-33,85,54
Patients with these conditions often take medications to
treat their pain, most commonly nonsteroidal anti-
inflammatory drugs (NSAIDs). Current clinical practice
includes the recommendation to withhold these medica-
tions before PRPP therapy. These recommendations are
largely based on known inhibitory effects of NSAIDs on
platelets. However, such recommendations are based on
minimal clinical and laboratory data. Given how com-
monly these medications are prescribed, clarification is
needed regarding whether and to what extent the anti-
platelet agents taken by patients at the time of blood
donation for PRP preparation adversely affect the efficacy
of autologous platelet delivery products. Only with this
information can rational and evidence-based recommen-
dations be made concerning the use of antiplatelet agents
in PRPP donors.

Considerable work has been done to examine the effect of
antiplatelet therapy on the function of platelets. Much of
this research has used only PRP as a modality to isolate
platelets and has mainly focused on the aggregation of
platelets in vitro as a measure of platelet function. In this
literature review, we evaluate the effect that antiplatelet
therapies have on the ability of PRP to stimulate wound
healing and tissue regeneration. Our hypothesis was that
antiplatelet therapies would have highly heterogeneous
effects on the biological activity of PRPP. The literature
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Figure 1. Flow diagram of selection process for studies
included in this review.

search included all types of PRPP preparations and focused
on in vitro studies that have examined differential growth
factor and inflammatory marker expression as well as in
vivo studies.

METHODS

The MEDLINE database via PubMed (https://www.ncbi.nlm.-
nih.gov/pubmed) was searched using the following search cri-
teria: ((“Platelet Aggregation Inhibitors”’[Medical Subject
Headings (MeSH)] OR PRASUGREL [limited to title or abstract
(tiab)] OR “Antiplatelet”[tiab] OR “Platelet Aggregation Inhibi-
tors”[tiab] OR “Platelet Antagonists”[tiab] OR CANGRELORI-
tiab] OR TICAGRELOR [tiab] OR TIROFIBAN([tiab] OR
EPTIFIBATIDE[tiab] OR CLOPIDOGREL/[tiab] OR ABCIXI-
MABI[tiab] OR CILOSTAZOL[tiab] OR DIPYRIDAMOLEI-
tiab] OR aspirin [tiab]) OR (“Anti-Inflammatory Agents,
Non-Steroidal”’[MeSH] OR “Non-steroidal anti-inflammatory
drugs”[tiab] OR “Non-steroidal anti-inflammatory drug”[tiab]
OR “Non-steroidal anti-inflammatory agent”[tiab] OR “Non-
steroidal anti-inflammatory agents”[tiab] OR NSAID*[tiab]
OR “Anti-Inflammatory Analgesics”[tiab] OR “Aspirin-Like
Agents” [tiab])) AND (“Platelet-Rich Plasma”[MeSH] OR
“platelet rich plasma”[tiab]).

This search yielded 1417 articles. When the search was
restricted to publications after 1995 (when the use of PRPP
for enhanced wound healing in patients generally began),
the number of articles was reduced to 901 (Figure 1).

Inclusion criteria were as follows: all animal and human
studies of the effect of antiplatelet therapy on the efficacy of
PRPP for tissue regeneration, focusing on the production of
anabolic factors, inflammatory and anti-inflammatory
mediators, and clinical outcomes. Exclusion criteria were
studies including patients <18 years old, any study asses-
sing how platelet function is affected in patient populations
other than healthy participants or those with musculoskel-
etal diseases, and any studies that added antiplatelet
agents in vitro. After elimination by these criteria, 12 stud-
ies remained (Table 1).
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TABLE 1
Summary of the 12 Studies Included in This Review*
Effect of
PRPP NSAIDs on
Lead Author (Year) Outcome® Formulation Conclusions PRPP
Anitua (2015)° Anabolic factors, cell PRGF PRGF release of PDGF-AB, TGF-1, VEGF, and HGF was not No effect
proliferation, and affected by drug consumption. Cell proliferation and migration
migration were not affected.
Anitua (2014)¢ Anabolic factors, cell PRGF PRGF release of VEGF, PDGF-AB, and IGF-1 was not affected by No effect
proliferation, and drug consumption. Cell proliferation was not affected by drug
migration consumption, and cell migration was significantly increased in
the experimental groups. There was no effect on extracellular
matrix proteins secreted by gingival fibroblasts.
Beitzel (2013)*° Cell viability PRP Chondrocyte viability was not affected by ketorolac use. Tenocyte Mixed effect
viability trended lower with ketorolac use but was not
completely inhibited compared with control.
Jayaram (2019)>2  Anabolic factors LR-PRP ASA use inhibited AA-mediated release of VEGF, TGF-$1, and  Mixed effect
PDGF-AB. ASA had no effect on thrombin-mediated release of
VEGF and TGF-B1 and only partially inhibited PDGF-AB.
Ludwig (2017)*° Anabolic factors PRP COX-2 inhibitors did not impair platelet activation, growth factor No effect
release, or TXB2 production when activated by human-y-
thrombin.
Mannava (2019)*!  Anabolic factors LR-PRP Naproxen use diminished PDGF-AA, PDGF-AB, and IL-6 but did Mixed effect
not affect TNF-q, IL-1B, IL-8, VEGF, and FGF-2. All factors that
were diminished returned to normal after a 1-wk washout
period.
Meadows (2017)*®  Energy to failure PRP NSAID use after rotator cuff surgery did not affect PRP efficacy. No effect
Schippinger Anabolic factors PRP NSAIDs inhibited platelet aggregation when activated by AA but Mixed effect
(2015)%° not TRAP-6, ADP, or collagen.
Smith (2007)%3 Anabolic factors PRP No evidence was found of decreased anabolic factor production No effect
with the use of ASA or ASA + clopidogrel.
Tian (2019)%® Anabolic factors PRP GDF-11 was significantly decreased in the group taking Mixed effect
antiplatelet medications, whereas FGF and PDGF-AA were
significantly increased in this group. Six other anabolic factors
studied were not significantly different between groups.
Utku (2017)7° Anabolic factors PRP Meloxicam, diclofenac, and ASA use did not affect PDGF-AB or  No effect
VEGF production.
Velier (2018)™ Anabolic factors PRP No difference was seen in thrombin production and platelet Mixed effect

activation in response to TRAP-6, but there was significantly
decreased ADP-induced platelet activation.

“AA, arachidonic acid; ADP, adenosine diphosphate; ASA, aspirin; COX-2, cyclooxygenase 2; FGF, basic fibroblast growth factor; GDF-11,
growth differentiation factor 11; HGF, hepatocyte growth factor; IGF-1, insulin-like growth factor 1; IL, interleukin; LR, leukocyte-rich;
NSAID, nonsteroidal anti-inflammatory drug; PDGF, platelet-derived growth factor; PRGF, platelet-rich growth factor; PRP, platelet-rich
plasma; PRPP, platelet-rich plasma product; TGF-f1, transforming growth factor p-1; TNF-o, tumor necrosis factor o; TRAP-6, thrombin
receptor-activated protein 6; TXB2, thromboxane B2; VEGF, vascular endothelial growth factor.

The term anabolic factors means that studies attempted to measure growth factors, inflammatory cytokines, and other molecules believed

to stimulate platelet activation and wound healing.

RESULTS
In Vitro Analyses

A large body of research, mainly in the field of hematology,
has established the effects and mechanisms of action of
antiplatelet drugs. Many of these studies have used PRP
in order to measure the ability of platelets to aggregate as
an indicator of platelet function. More recent studies have
examined these questions relevant to musculoskeletal con-
ditions. Schippinger et al®® showed that patients who
received daily NSAIDs produced PRP that exhibited signif-
icantly inhibited platelet aggregation as measured using

light transmission aggregometry. Importantly, this result
was found when their PRP was activated via arachidonic
acid (AA) but not via collagen, ADP, or thrombin receptor-
activated protein 6 (TRAP-6).

The orthopaedic literature has also examined the effects
of commonly used anti-inflammatory medications and PRP.
In one study, levels of VEGF and PDGF-AB in PRP were
measured in healthy volunteers treated using diclofenac,
meloxicam, or aspirin (ASA) (each medication at 2 doses)
and compared with levels in healthy volunteers taking no
medications. The investigators found no differences in
levels of growth factors in the experimental groups com-
pared with in controls.”® Further evidence to support the
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lack of effect of cyclooxygenase (COX) 2 inhibition on PRP
protein release came from a study in dogs. Ludwig et al*°
showed no statistically significant decreases in TFG-f1,
PDGF-BB, or thromboxane B2 release in PRP in dogs given
carprofen compared with in controls when activated in vitro
via human-y-thrombin.

Other studies examining NSAIDs and PRP have found
mixed results. In 2019, Mannava et al*! investigated the
influence of naproxen on expression of growth factors
(PDGF-AA, PDGF-AB, VEGF, and FGF-2) and inflamma-
tory cytokines (tumor necrosis factor o [TNF-o], IL-1p, IL-6,
and IL-8). Patients taking naproxen showed significant
decreases in PRP expression of PDGF-AA, PDGF-AB, and
IL-6 but no decrease in TNF-a, IL-1B, IL-8, VEGF, and
FGF-2. However, PDGF-AA, PDGF-AB, and IL-6 showed
recovery back to baseline after a 1-week washout period.

Tian et al®® published a similar study in 2019 that exam-
ined the effect of antiplatelet medications on 9 anabolic
factors after activation via thrombin and calcium. Only 1
anabolic factor (growth differentiation factor 11) was signif-
icantly lower in the group taking antiplatelet therapies
compared with in a control group of the same age range.
In addition, 2 anabolic factors (FGF-2 and PDGF-AA) were
significantly higher in the antiplatelet therapy group. Of
note, the antiplatelet therapies used were not specified.

A study of 12 healthy volunteers showed that 81 mg of
ASA daily led to significantly inhibited AA-mediated
release of VEGF, PDGF-AB, and TGF-p1 in LR-PRP.32
However, ASA did not affect thrombin-mediated release
of VEGF and TGF-B1 and only partially inhibited PDGF-
AB.

Another field driving research in PRPP is cardiac sur-
gery. The effect of antiplatelet therapy is important in this
patient population, where these agents are often required
to manage underlying vascular disease. One group investi-
gated cardiac surgery patients receiving ASA, ASA plus
clopidogrel, or no antiplatelet therapy.®® The investigators
found a slight decrease in measured PDGF-BB and TGF-$1
in PRP from patients in the 2 experimental groups as com-
pared with control, but it was statistically insignificant.

The use of anticoagulants has also been reviewed. One
study examined the effects of anticoagulants and antiplate-
let therapy on platelet-rich plasma gel.”! The investigators
reported no difference between antiplatelet/coagulation
therapy and control groups in terms of basal expression of
P-selectin, autologous thrombin production, and platelet
aggregation in response to TRAP-6. P-selectin, a trans-
membrane protein found on a-granules translocated to
the cell membrane during degranulation, is used as a
biomarker of platelet activation.®® Patients taking anti-
coagulants/platelet therapies had a significantly lower
ADP-induced P-selectin expression. However, an important
limitation of this study was the comparison of healthy,
young volunteers (control) with older patients with comor-
bidities taking anticoagulants or antiplatelet therapies.”*

One study examined the effects of ASA, acenocoumarol
(vitamin K antagonist), and glucosamine sulfate on PRGF.6
Platelet aggregation, activation, and anabolic factor pro-
duction were not significantly affected by any of the drugs.
No differences were found between groups in proliferation
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and migration of gingival fibroblasts after the addition of
PRGF in cell culture. The investigators also measured the
synthesis of different growth factors and extracellular
matrix proteins by gingival fibroblasts, including hepato-
cyte growth factor, insulin-like growth factor 1, VEGF, and
procollagen type 1, and found no statistically significant
differences.

The same group conducted a similar experiment in
tendon fibroblasts.? The investigators enrolled patients
treated using ASA, acenocoumarol, glucosamine sulfate,
or glucosamine sulfate plus chondroitin sulfate and isolated
PRGF. The investigators found that platelet activation and
the platelet content of PDGF-AB, TGF-1, VEGF, and
hepatocyte growth factor in PRGF did not differ between
the experimental groups and the control group. They also
found no differences between experimental and control
groups in terms of cell migration and proliferation of tendon
fibroblasts after treatment using PRGF. However, signifi-
cantly lower expression of VEGF, hyaluronic acid, and
fibronectin was noted in tendon fibroblasts treated using
PRGF from the group taking acenocoumarol. This differ-
ence was not present for the ASA, glucosamine sulfate, or
glucosamine sulfate plus chondroitin sulfate groups.

Beitzel et al'® examined the viability of chondrocytes and
tenocytes after treatment using PRP. The investigators
studied chondrocyte and tenocyte viability when treated
in culture using PRP with and without ketorolac. They
found that chondrocyte viability at 120 hours after treat-
ment was similar between the 2 groups, whereas tenocyte
viability trended lower for the PRP plus ketorolac group. Of
note, the tenocyte cell count in the PRP plus ketorolac
group was greater than that in the control group and the
ketorolac group.

In Vivo, Human Clinical Studies

The basic laboratory studies described above examined
whether antiplatelet therapies could affect platelet release
of various anabolic factors. However, determining whether
those effects translate into significant differences in clinical
outcomes will be critical to formulating recommendations
for patient care. To the best of our knowledge, no clinical
studies in humans have been conducted to explore the
effects of antiplatelet therapy on PRPP efficacy, and only
anecdotal evidence has been published in this regard.

In Vivo, Animal Clinical Studies

The in vivo effects of antiplatelet therapy on PRPP were
evaluated in 1 animal study. Meadows et al*® tested the
biomechanical properties of rat supraspinatus tendons in
animals that were treated using PRP after supraspinatus
tendon detachment and repair then randomized to a diet
with or without the addition of indomethacin and in a
comparison control group treated using saline.
Biomechanical testing 3 weeks after tendon repair and
PRP treatment demonstrated no difference in energy to
failure between the PRP and the PRP plus indomethacin
groups.
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DISCUSSION

Over the past few decades, autologous blood products have
been used by physicians as modalities to treat symptoms,
improve wound healing, and possibly stimulate tissue
regeneration. Theoretical concern has arisen as to whether
therapies that inhibit the function of platelets will inhibit
the effects of PRPP. Current practice by many physicians
prescribing NSAIDs and other medications with antiplate-
let activity is to withhold these medications before and after
PRPP administration. The major finding of this review is
that the literature provides minimal support for the conclu-
sion that antiplatelet therapies are contraindicated in
patients being treated using PRPP.

Our purpose was to perform a comprehensive literature
review of the effect of antiplatelet therapies on biological
activity and clinical efficacy of PRPP. We focused on growth
factor and inflammatory cytokine production as well as
clinical outcomes in humans and animals to evaluate
whether the clinical practice of withholding antiplatelet
medications is supported by evidence. The vast majority
of studies have focused on NSAIDs, which is the focus of
this discussion.

The general consensus among practicing physicians is to
withhold NSAIDs before administration of PRPP, which is
based on the extensive in vitro research studying platelet
activation and thrombus formation. These data have shown
decreased platelet aggregation and thrombus formation in
the presence of NSAIDs?® and are supported by platelet
physiologic characteristics. NSAIDs inhibit COX-1-
induced conversion of AA into thromboxane A2 (TXA2), a
potent platelet activator. TXA2 is important in the contin-
uation of platelet activation during thrombus formation
and the mediation of platelet aggregation via fibrinogen-
olIIp3 bridges among adjacent platelets.>! Without efficient
formation of TXAZ2, the ability to maintain thrombi is
diminished.

The data presented in this review do not support an
inhibitory effect of antiplatelet medications on the biologi-
cal activity of PRPP. We posit that this discrepancy could be
due to at least 3 possible reasons, which are discussed in the
remainder of this review: (1) Antiplatelet therapies block
only 1 pathway (AA/COX-1) in a pathophysiologically com-
plex system of platelet activation; (2) the extravascular
environment into which PRP is introduced for treatment
(eg, connective tissue) activates platelets in vivo via COX-
1-independent mechanisms; and (3) inhibition of the COX-1
pathway by NSAIDs diverts AA metabolism away from
COX-1-mediated TXA2 production to increased activity of
the alternative pathway, 12-lipoxygenase, the products of
which may stimulate tissue regeneration.

Platelet Activation Pathways Have Significant
Overlap

Platelet activation can occur via multiple overlapping path-
ways. One of these is the AA/COX-1 pathway. When this
pathway is inhibited by NSAIDs, platelets can still be acti-
vated via other pathways, particularly when the platelets
are stimulated by more potent agonists such as thrombin or
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collagen, which are more likely to be encountered in vivo by
platelets within the tissues into which they are injected.

If degranulation (which releases anabolic factors neces-
sary for tissue regeneration) plays an important role in the
regenerative effects of PRPP, then the key concepts to
understand entail the pathways that (1) stimulate granule
secretion (primary activation) and (2) are stimulated by
factors produced after primary activation (secondary acti-
vation). Under normal circumstances, platelets circulate in
blood in a quiescent state that is maintained by the anti-
thrombotic properties of intact vascular endothelial cells
that line the intimal surfaces of all vessels. When local
vascular injury occurs, a breach in the continuity of the
endothelial monolayer exposes subendothelial substances
in vascular connective tissue, the most important of which
is collagen. Collagen-bound von Willebrand factor stimu-
lates platelet adhesion, the process of platelet-endothelial
interaction in vivo, and primary platelet activation in both
COX-1-dependent and -independent ways.20-22:25:38,39
Collagen itself can bind to platelets and stimulate
activation without requiring the formation of TXA2 via
COX-1.2023 NSAIDs inhibit a downstream step in activa-
tion of platelets via collagen, thus only partially inhibiting
primary platelet activation.

Platelets are also activated directly via inflammatory
cytokines. Damage-associated molecular patterns are mole-
cules produced by host tissue in response to tissue damage.
They activate platelets due to the presence of toll-like
receptors on platelet membranes®%14%277 and can be acti-
vated by oxidized lipids,!! oxidative stress,®? and high
mobility group box 1, a DNA-binding protein released by
macrophages and monocytes during inflammation*” and
released from platelet granules.”? NSAIDs do not affect the
release of high mobility group box 1 from platelet granules,
which may play a role in mitigating any inhibitory effect on
platelets in PRPP.

Furthermore, secondary platelet activation is an impor-
tant mechanism by which platelet activation signals are
amplified and sustained. TXA2 is unique in that it stimu-
lates secondary platelet activation after de novo synthesis
from free AA in the cytoplasm rather than after release
from platelet granules.>?%" Although inhibition of COX-1
significantly decreases TXA2 production, platelet granules
release a large variety of molecules, many of which stimu-
late platelet activation (eg, ADP, serotonin, von Willebrand
factor, fibrinogen, coagulation factors).?® Inhibiting TXA2
production blocks one of the secondary platelet activation
mechanisms and likely does not lead to major effects on
biological activity of PRPP.

Thrombin is considered to be one of the strongest activa-
tors of platelets and participates in their sustained activa-
tion. It is the final product of the coagulation cascade and
catalyzes the formation of the fibrin mesh network that
stabilizes clots. Thrombin also activates platelets via path-
ways that are independent of COX-1, described elsewhere
by Estevez and Du.2°

Thrombin’s independence from COX-1 has been sup-
ported by recent studies. Jayaram et al®>? showed that ASA
significantly inhibited AA-mediated release of VEGF,
PDGF-AB, and TFG-B1 in LR-PRP but had no effect on
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thrombin-mediated release of VEGF and TGF-B1 and only
partially inhibited the release of PDGF-AB. Schippinger
et al®® showed that orthopaedic patients taking NSAIDs
postoperatively showed no difference in PRP platelet aggre-
gation compared with healthy controls when activated via
TRAP-6. In contrast, platelet aggregation was abolished
when activated via AA in that study.

Outside-in signaling also acts via COX 1—independent
mechanisms. Outside-in signaling is the process by which
platelets aggregate, when linker molecules (eg, fibrinogen)
connect integrins (most commonly oIIbB3) of adjacent
platelets. These linker molecules that bind to integrins also
trigger cytoplasmic signaling, activation of platelets, and
thrombus formation.3”®! These pathways were reviewed
elsewhere?® and are thought to be COX-1 independent.

All of the data presented above may seem to contradict
our understanding of why NSAIDs are effective at treat-
ing thrombosis. The explanation may require a more
nuanced understanding of platelet activation. Platelet
activation to achieve tissue regeneration may not be
affected by antiplatelet drugs to the same extent as is
thrombus formation. The ability of platelets to form
patent and functional thrombi is a complex process that
relies on the simultaneous activation of multiple trans-
membrane receptors by multiple signaling molecules:
ADP, 5-hydroxytrypamine, TXA2, collagen, and
others.'®5%5 Thrombus formation is likely to be inhibited
more easily because it requires many concomitant activa-
tion signals to maintain. Tissue regeneration may not
require this simultaneous stimulation.

It is clear that platelets mediate other processes in addi-
tion to hemostasis, including tissue regeneration. The
mechanisms of platelet activation and inhibition are also
much more complex than originally thought. Inhibitors of
COX-1 may be quite sufficient to provide thromboprophy-
laxis for arterial vascular events but may not completely
affect pathways of platelet activation that promote tissue
regeneration.

Intravascular Versus Extravascular Platelet
Environment

Platelets exist in homeostatic balance within the vascula-
ture. A healthy endothelial cell layer prevents thrombosis
through the release of inhibitory mediators from the intact
endothelium,?” such as nitric oxide, carbon monoxide, pros-
tacyclin, endothelial ecto-ADPase (CD39/nucleoside tri-
phosphate diphosphohydrolase), and glycocalyx.

When platelets leave the vasculature, the endothelial
factors that inhibit platelet activation are no longer pre-
sent, leading to a shift from homeostasis toward activa-
tion. The lack of environmental inhibitory signals in
musculoskeletal tissues, such as the joint space, around
tendon, or other locations where PRPP is injected, likely
contributes to platelet activation in these tissues. It is
well established that collagen can activate platelets, and
collagen is abundant in all connective tissues that are
commonly treated using PRPP. The combination of a lack
of intravascular inhibitory signals and additional
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excitatory signals in musculoskeletal tissues may lead to
a strong level of platelet activation that overcomes any
inhibitory effects of antiplatelet therapies used by
patients.

COX-1 Inhibition May Lead to Tissue Regeneration
via the Lipoxygenase Pathway

Lipoxygenases (LOXs) catalyze the oxygenation of unsatu-
rated fatty acids, such as AA.%® The isoform highly
expressed in platelets is 12-LOX.'? 12-LOX is analogous
to COX-1 in that it converts AA into an intracellularly
active product, 12-hydroxy-5,8,10,14-eicosatetraenoic acid
(12-HETE) (the analogous product for COX-1 would be
TXA2).% Inhibition of the COX-1 pathway may lead to the
availability of a higher concentration of AA to be converted
into 12-HETE.

Studies to date have suggested that 12-HETE plays a
role in platelet activation. The first evidence of this came
from a clinical study in which patients with decreased 12-
LOX activity had a higher incidence of bleeding complica-
tions.?® Animal studies have also supported the conclusion
that 12-LOX plays an important role in platelet activa-
tion.”"® The proaggregatory effect of 12-HETE is due to
its ability to activate platelet Nicotinamide adenine dinu-
cleotide phosphate oxidase to generate reactive oxygen spe-
cies (a platelet activator)*® and its role in protease activated
receptor-4 and Glycoprotein VI-mediated signaling and
subsequent dense granule degranulation.”

The important implication for use of PRP in musculoskel-
etal tissues is that 12-HETE has been shown to play an
important role in tissue regeneration and wound repair.
For example, Tang et al® showed that exogenous 12(S)-
HETE promoted wound repair of endothelial cells, likely
due in part to augmenting DNA synthesis. In addition, a
select 12-HETE inhibitor diminished normal endothelial
cell growth in vitro, suggesting that 12-HETE is part of
an endogenous physiologic tissue repair response.%® 12-
HETESs have also been shown to play an important role in
inflammation and wound repair of the skin and ocular sur-
face.”1%57 These studies highlight the complexity of tissue
regeneration pathways and the need for more research in
this area. Further exploration of these may explain, in part,
the lack of complete inhibition that NSAIDs have on PRPP
growth factor and cytokine production.

Other Considerations

It is possible that PRPP augments tissue regeneration via
mechanisms other than the production of anti-
inflammatory and immunomodulatory mediators. An
important mechanism may be the ability of platelets to
attract connective tissue progenitor or stem cells to the site
of injury. Platelets express stromal cell—derived factor 1,
which recruits CD34+ hematopoietic stem cells as well as
release factors that promote their differentiation into endo-
thelial cells.?4354 Augmentation of endothelial repair
likely plays a role in regeneration of bone and soft connec-
tive tissues.
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Limitations

The method of the narrative review is limited because we
did not follow the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines for sys-
tematic reviews, which means we did not assess for study
quality or heterogeneity, we had no protocol for assessment
of studies, and we used only 1 medical literature database.
The review is also limited by the fact that it includes a small
set of heterogeneous studies primarily examining in vitro
analyses of anabolic factor production. There is a paucity of
in vivo studies that have evaluated the effect of antiplatelet
therapies on platelet aggregation, thrombus formation, and
production of anabolic signaling molecules. Further study
is clearly required to understand whether and how the lack
of inhibition of PRPP by antiplatelet agents in vitro trans-
lates to the clinical setting. Future research should be con-
ducted in humans following Minimum Information for
Studies Reporting on Biologics guidelines with robust anal-
ysis of outcomes, including evaluation of pain reduction,
structural changes on imaging, and functional outcomes.

CONCLUSION

The complex biological process of platelet function makes it
difficult to draw definitive conclusions about the role of
antiplatelet therapies on biological activity and ultimate
efficacy of PRPP. However, the available basic science and
limited clinical data do not support the current widespread
practice of withholding antiplatelet therapies before or dur-
ing PRPP administration. Further rigorous research is
required to conclusively understand how such data trans-
late to clinical outcomes.
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