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Background: Autologous platelet-rich plasma (PRP) has been widely used for the treatment of sports injuries. It has been
associated with improved healing and regeneration of soft tissues in elite athletes. Athletes are commonly receiving nonsteroidal
anti-inflammatory drugs (NSAIDs). As yet, the effect of these drugs on platelet function in PRP formulations has not been taken into
consideration.

Hypothesis: The function of platelets in PRP produced under the influence of NSAIDs is inhibited and may lessen a possible
healing effect on the site of injury.

Study Design: Controlled laboratory study.

Methods: PRP was collected from patients receiving NSAIDs after elective orthopaedic surgery, and platelet function was
evaluated using light transmission aggregometry (LTA). Results were compared with those obtained from healthy volunteers
without a history of NSAID intake during the previous 2 weeks. Two different systems for blood collection and PRP production
(Arthrex ACP double-syringe system and standard 4.5-mL sodium citrate blood collection tubes) were used and compared
regarding the quality of PRP that was produced.

Results: For both groups, the baseline platelet counts of whole blood and the platelet counts of PRP formulations were found to be
in the normal range. Both collection systems for PRP produced comparable results without significant differences between the
groups. Platelet function testing with LTA revealed significantly impaired platelet aggregation in both PRP preparations, obtained
from patients taking NSAIDs, irrespective of the type of NSAID (P < .001). All subjects from the control group showed normal
platelet aggregation patterns when tested with LTA.

Conclusion: Autologous PRP produced from subjects after NSAID medication shows significantly impaired platelet function and
may result in lower quality regarding the content of bioactive compounds.

Clinical Relevance: If required, the administration of NSAIDs should be performed after blood collection for preparation of
autologous PRP; otherwise, the therapeutic effect may be limited.
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Platelet-rich plasma (PRP) describes an autologous blood
product containing a high concentration of platelets within
a small volume of plasma. Nowadays, PRP is widely used
for the treatment of sports injuries (eg, injuries of ham-
string muscles or augmentation in surgical reconstructive
procedures) to achieve accelerated healing and regenera-
tion, especially in elite athletes who require rapid return
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to competition.®3 The World Anti-Doping Agency (WADA)
has removed PRP from its list due to insufficient evidence
that PRP provides performance enhancement. 3132
Animal studies and preliminary human studies show
that the main therapeutic effects of PRP rely on the deliv-
ery of a high concentration of bioactive compounds such
as cytokines and growth factors to the site of injury.%16-2°
However, robust clinical studies to support the beneficial
use of PRP are still rare. Some prospective randomized con-
trolled studies have shown positive effects with the use
of PRP (eg, in augmenting rotator cuff repairs, Achilles
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TABLE 1
Baseline Characteristics of the Study Group®

Duration of NSAID

Underlying Condition n  Surgical Intervention Type of NSAID Before PRP Preparation, d
ACL rupture 1  ACL reconstruction Dexibuprofen 400 mg twice 3
daily
Gonarthrosis 1  Total knee endoprosthesis Diclofenac 75 mg twice daily 4
Subacromial impingement 3 Arthroscopic subacromial decompression  Diclofenac 75 mg twice daily 2
Bony Bankart lesion of the 1  Open revision and screw fixation of the Dexibuprofen 400 mg twice 3
shoulder fragment daily
Rotator cuff tear 3 Arthroscopic rotator cuff repair Dexibuprofen 400 mg twice 2
daily
Postfemoral locking nail 1 Hardware removal Diclofenac 75 mg twice daily 5
Chronic patellar dislocation 1  Tibial tubercle transfer Diclofenac 75 mg twice daily 2

“ACL, anterior cruciate ligament; NSAID, nonsteroidal anti-inflammatory drug; PRP, platelet-rich plasma.

tendon repairs, and anterior cruciate ligament recon-
struction), but some studies do not show a clear benefit
of PRP.”

There is intensive ongoing debate regarding the ideal
volume of PRP to administer, the frequency of application,
the exact site of administration of PRP, and which tech-
nique/preparation system of manufacture to use.?252%
While these questions have not been fully answered and
remain open for discussion, another important issue
has not yet been addressed: the fact that nonsteroidal
anti-inflammatory drugs (NSAIDs) may influence platelet
function such as adequate platelet aggregation. This effect
on platelet function is crucial to the release of stored bio-
active compounds and growth factors from granules
into PRP preparations. As a consequence, the therapeutic
effects of autologous PRP may be significantly lowered.

In this single-center pilot study, the in vivo effect of
NSAIDs on platelet function in autologous PRP was inves-
tigated using 2 different systems for preparation of PRP.

METHODS

Study Subjects, Medication, Sample Collection,
and Preparation of PRPs

This study was approved by the local ethics committee. A
total of 21 study participants were investigated in the pilot
study: 11 patients treated with NSAIDs after orthopaedic
injuries followed by surgical intervention served as the study
group (5 males, 6 females; mean age, 45.1 £ 19.5 years), and
10 healthy volunteers without a history of NSAID intake

“References 7, 8, 11, 14, 20, 21, 23, 24, 27, 28, 30, 34.

within the previous 2 weeks served as the control group
(5 males, 5 females; mean age, 36.1 =+ 12.3 years). NSAID
use consisted of either diclofenac 75 mg or dexibuprofen
400 mg taken twice daily (at 8 am and 8 pm). The time of
NSAID intake prior to PRP preparation was a mean (+SD)
3.2+ 2.1 days. All surgical interventions were performed by
the same surgeon. Subjects were included if they gave writ-
ten informed consent and they had normal platelet counts
within the reference range of 150 to 400 x 10%L. Subjects
were excluded for any of the following reasons: a history
of medication classified as platelet function inhibitors
(including acetylsalicylic acid, clopidogrel, prasugrel, or
ticagrelor) or a history of hepatic disease. Detailed baseline
characteristics are presented in Table 1.

For the preparation of PRP, whole blood was obtained
from each study participant by venipuncture of the cubital
vein using a 21-gauge needle. Using this venipuncture,
blood was consecutively collected using 2 different collec-
tion systems: the Arthrex ACP double-syringe system using
13.5 mL of whole blood mixed with prefilled 1.5 mL of 3.8%
concentrated sodium citrate (Arthrex Inc) and standard 3 x
4.5-mL sodium citrate tubes (3.8% wt/vol) with a blood-
to-citrate ratio of 9:1 (Greiner Bio One). All blood samples
were transferred within 1 hour to the platelet research
laboratory and processed immediately. Samples collected
with the Arthrex ACP system were handled in accordance
with the manufacturer’s instructions, using the designated
Hettich Rotofix 32 swing out rotor centrifuge (Hettich Lab
Technology) for centrifugation at 350g for 5 minutes. After
centrifugation, the plasma supernatant containing the PRP
was aspirated with the attached second syringe. Samples
collected with the Greiner Bio One standard tubes were
also centrifuged at 115g for 15 minutes, producing clear
PRP. Two milliliters of PRP was collected in sterile Falcon
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TABLE 2
Results of Platelet Function Testing (Mean + SD) Using LTA and Standard Inductors of Platelet Aggregation®

NSAID Group (n = 11)

Control Group (n = 10)

LTA Parameter P Value® ACP SCT P Value® ACP SCT P Value®
Platelet PRP (10%/L) .853 335+ 139 325+ 118 179 388 + 139 392+ 176 877
% Collagen .999 76+6 76 £ 15 127 80+11 83+8 .518
AUC .850 629 + 48 621 + 128 118 658 + 98 680+ 71 574
% ADP .856 70+7 69 + 15 561 71+£18 73+18 765
AUC .886 614 + 53 607 + 140 627 614 + 143 644 + 151 .658
% AA 711 2.7+ 3.7 2.2+ 3.0 <.001 78 +11 80+ 7 .694
AUC .679 25+19 21 + 31 <.001 563 + 61 612+ 74 .126
% TRAP-6 .283 83+9 87+17 .499 83+11 84 +8 .766
AUC .249 750 + 96 793+ 75 590 734 + 95 779 + 80 .260

“Results are reported as mean + SD. Boldfacing indicates statistically significant difference in platelet function. AA, arachidonic acid; ACP,
Arthrex ACP collection system for PRP preparation; ADP, adenosine diphosphate; AUC, area under the curve; LTA, light transmission aggre-
gometry; PRP, platelet-rich plasma; SCT, standard collection tubes for PRP preparation; TRAP-6, thrombin receptor—activated peptide—6.

bStatistically significant difference between types of PRP preparation systems (P < .05).
“Statistically significant difference between study group and control group (P < .05).

tubes. The remaining plasma in the tubes was centrifuged
again at 2880g for 15 minutes to produce platelet-poor
plasma (PPP), which was used for baseline value calibration
with light transmission aggregometry (LTA), as described
in detail below. Both PRP preparations were measured for
total platelet count on a hematological analyzer (XE-5000;
Sysmex) and were subsequently used for platelet function
testing with LTA using the gold standard method.

Platelet Function Testing Using LTA

Both PRP preparations using the Arthrex ACP system and
the standard blood collection tubes were further processed
using standard laboratory protocols. Samples containing
450 pL of PRP were stimulated with standard inductors of
platelet aggregation in the following fashion: 5 pL of arachi-
donic acid (AA; final concentration, 50 mmol/L), 5 pL of ade-
nosine diphospate (ADP; final concentration, 1 mmol/L),
1 pL of collagen (COL; final concentration, 1 mg/mL), and
20 pL of thrombin receptor—activated peptide—6 (TRAP-6;
final concentration, 1 mmol/L) to provide an internal run
control reflecting basis activity of platelets. LTA was per-
formed on a lumi-aggregometer (Chronolog 700; Chronolog
Corp), and results were analyzed using the Aggrolink
8.1.2.2 software package (Chronolog). Values of aggregation
were expressed as the maximum percentage change in light
transmission from baseline, depicted as areas under the
curve (AUCs). Parallel testing the PPP of the corresponding
PRP samples for 10 minutes served as the calibrated base-
line value.

Statistical Analysis

Statistical analysis was performed using SPSS statistical
software (version 22.0; IBM Corp). Student ¢ tests for
paired observations were conducted, and box plots were
generated. P < .05 was considered statistically significant.
The final sample size of 11 participants in the NSAID study

group and the 10 healthy volunteers in the control group
yields 100% power to detect a 5% variation in the laboratory
parameters measured for platelet aggregation, assuming
an alpha error of 0.05.

RESULTS

A total of 21 study participants were investigated in this
pilot study, including 11 subjects treated with NSAIDs
after orthopaedic surgery (study group; see Table 1) and
10 healthy volunteers without a history of NSAID intake
within the previous 2 weeks (control group). Baseline plate-
let counts in whole blood were found to be within normal
reference ranges in both groups, resulting in a mean plate-
let count of 160 + 34 x 10%L in the study group versus a
mean platelet count of 190 + 8 x 10%L in the control group.
In PRP formulations, mean platelet counts were also found
to be similar and comparable between PRP formulations
prepared with the 2 different methods; in addition, there
was no significant difference between mean platelet counts
of PRP formulations between the 2 groups (Table 2).

Results of platelet function testing with LTA were not influ-
enced by the method of blood collection for production of PRP.
In both PRP formulations produced differently with platelet
aggregation response patterns after stimulation of PRP with
thrombin receptor—activated peptide—6 (TRAP-6), the “inter-
nal control” reflected adequate basis activity of platelets, and
no significant differences could be observed throughout all
measurements performed (Table 2, Figures 1 and 2).

When LTA results obtained from the NSAID study group
were compared with those obtained from the control group,
we observed a massive inhibition of platelet aggregation
under stimulation with arachidonic acid in PRP preparations
from study subjects taking NSAIDs (P < .001). Stimulation
with collagen, ADP, and TRAP-6 showed no significant differ-
ences when compared with control subjects (Table 2, Figures
1 and 2). All subjects from the control group showed adequate
platelet aggregation patterns after stimulation with all 4
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Figure 1. Distribution of platelet aggregation patterns under stimulation of platelet-rich plasma (PRP) samples with standard induc-
tors: (A) collagen, (B) adenosine diphosphate (ADP), (C) arachidonic acid (AA), and (D) thrombin receptor-activated peptide—6
(TRAP-6). Box plots indicate amplitude ranges (in % platelet aggregation) obtained by light transmission aggregometry in patients
receiving nonsteroidal anti-inflammatory drugs (NSAIDs) and in control group subjects. PRP samples were prepared with 2 differ-
ent methods (standard collection tubes for PRP preparation [SCT] and the Arthrex ACP collection system for PRP preparation

[ACP]) and tested in parallel. Circles indicate outliers.

standard inductors for platelet aggregation (Table 2, Figures
1 and 2). No difference was observed regarding the type of
NSAID administered or the duration of NSAID intake.

DISCUSSION

In sports and orthopaedic medicine, there is extensive dis-
cussion about the benefits of administering autologous PRP
to the site of injury.2® The healing effect of the administra-
tion of PRP relies on the fact that bioactive compounds like
growth factors and cytokines are being released (by activation
and aggregation) directly to the site of injury.2*1%16:17.29
Debate continues about the following: timing, site, content,
and volume of delivery to achieve accelerated healing and
return to spor‘cs.1’3’6’10’25’26

The quality of the platelets contained in autologous PRP
(mainly reflected by the potential of activation and aggre-
gation of platelets) has not yet been investigated. In partic-
ular, NSAIDs are described to have negative effects on

platelets such as decrease in storage of alpha granules and
inhibition of activation and aggregation of platelets.'®3%
Commonly, an increased risk of bleeding associated with
trauma and operations has been described with antiplatelet
drugs classified as NSAIDs (eg, aspirin).'%22

The production and application of autologous PRP depends
on the release of bioactive compounds induced by activation
and aggregation, and this needs to be considered to achieve
optimal function. Since athletes are frequently taking
NSAIDs, the negative influence of these drugs on platelet
activation and aggregation is important, because an inferior
quality of autologous PRP is produced after NSAID therapy.

In this pilot study, the systemic effect of NSAID intake
on platelet function (activation and aggregation) was mea-
sured in autologous PRP samples obtained from subjects
taking NSAIDs. Autologous PRP samples should contain
at least a 2- to 3-fold concentration of platelets in a small
amount of sample matrix. This is achieved by multiple cen-
trifugation steps during the process of preparation, and the
quality often depends on the level of standardization of the
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Figure 2. Representative platelet aggregation patterns obtained by light transmission aggregometry in (A) a patient who received
nonsteroidal anti-inflammatory drugs (NSAIDs) and (B) a control group subject. Platelet-rich plasma samples were stimulated with
standard inductors: collagen, adenosine diphosphate (ADP), arachidonic acid (AA), and thrombin receptor-activated peptide-6

(TRAP-6).

collection system(s).1%253! To ensure high quality of sample
material, autologous PRP preparations were produced by
2 standardized, commercially available blood collection sys-
tems in this study. There were no significant differences in
platelet counts of both PRP preparations produced with
these 2 different systems. This allowed for reliable compar-
ison of results obtained from consecutively performed plate-
let function/platelet aggregation testing.

Platelet function testing was performed using LTA. There
are numerous test devices or test systems available to eval-
uate platelet function, but most of these only refer to whole
blood testing of patients in perioperative settings.'>?2 In
contrast, LTA is developed exclusively for the use of PRP
as a sample matrix for testing platelet function. It is consid-
ered to be the gold standard method, stimulating platelets
with standard inductors of platelet activation and aggrega-
tion.® The consistent significant inhibition of platelet func-
tion/platelet aggregation found after stimulation with
arachidonic acid in the NSAID study group was irrespective
of type and duration of NSAID intake and of the blood col-
lection system used for PRP preparation. These effects
could not be observed in the healthy control group without
NSAID intake. Arachidonic acid is used in routine platelet
aggregation studies for the differential diagnosis of
aspirin-like release defects and storage pool disease (alpha
granules) of platelets; it is also used to evaluate the inhibi-
tory effect of aspirin or other NSAIDs on platelet func-
tion.!®1® The pathophysiological effect is based on the
fact that in vitro addition of platelets with arachidonic acid
results in a burst of oxygen consumption, which highly
induces and activates platelet aggregation via the phos-
pholipase A2-cyclo-oxygenase-thromboxane A2 pathway.

Therefore, ingestion of aspirin or aspirin-like compounds
such as NSAIDs inhibits cyclo-oxygenase—mediated oxygen
consumption, thus precluding all subsequent events leading
to platelet activation and aggregation.'® However, in the
presence of NSAIDs in our study group, these reactions are
absent. Also, bioactive compounds stored in the alpha gran-
ules such as growth factors, transforming growth factor—f,
and platelet factor 4 cannot be adequately released if this
pathway is blocked by NSAIDs, and platelet function is
severely impaired. These conditions support our hypothesis
that autologous PRP produced after NSAID intake is of les-
ser quality and therefore may negatively affect the healing
effect. Consequently, if NSAID intake is necessary after
sports injury and therapeutic, autologous PRPis considered,
NSAID use should be commenced only after blood collection
for the preparation of autologous PRP to avoid an adverse
effect on platelet function and the quality of PRP.

This study has some limitations, such as the small sample
size, as a pilot study. However, the numbers of partici-
pants derived from sample size calculation are sufficient to
achieve statistical significance with a 95% confidence inter-
val for the parameters investigated. The results should be
considered as preliminary. Additionally, our control group
consisted of only healthy individuals not undergoing ortho-
paedic surgery and therefore cannot be fully matched. We
chose healthy volunteers as controls for ethical reasons, as
patients after orthopaedic surgery cannot be precluded from
receiving NSAIDs. Third, our study group consisted of
orthopaedic patients undergoing elective surgery and did
not include athletes with sports injuries. As NSAIDs should
have the same therapeutic in vivo effects irrespective of the
reason for administration, this should not weaken our
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findings. Last, we did not quantitate growth factors or cyto-
kines in our PRPs. Therefore, we can only hypothesize or
extrapolate that the pathophysiological mechanism exten-
sively described resulted in a PRP with impaired effect on
the site of administration. To study such direct effects, a
larger prospective study including sports athletes with and
without NSAID intake treated with PRP for sports injury
must be performed. A strength of our study group is that par-
ticipants who were chosen from a homogenous collective
were all operated on and followed up with by the same sur-
geon. This ensured optimal adherence with the NSAID
regimen.

CONCLUSION

Autologous PRP produced from subjects after NSAID medi-
cation use shows significantly impaired platelet function. If
required, the administration of NSAIDs should be performed
after blood collection for the preparation of autologous PRP;
otherwise, the therapeutic effect may be reduced.
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