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ABSTRACT

Introduction: Autologous platelet-rich plasma (PRP) has been a growing trend in the field of medicine due to its broad
range of application and is considered safe from bloodborne diseases. Furthermore, various studies have tried to optimize
the use of autologous PRP through various preparation protocols, including PRP activation. However, most of the stud-
ies available have not evaluated the safety for intravenous delivery of PRP, especially autologous activated PRP (aaPRP).
Therefore, this study aimed to evaluate the safety of intravenous delivery of aaPRP.

Methods: Blood was drawn from each patient and aaPRP was isolated through calcium activation and light irradiation.
Each aaPRP was administered intravenously to all patients. Adverse events were documented and analyzed.

Results: Six hundred eleven patients participated in this study with a total of 4244 aaPRP therapies. Quality control of
autologous aaPRP showed no platelets present after both calcium activation and light irradiation. No adverse events
such as allergic reaction, infection, and coagulation problems were observed on all patients over the course of the study.

Conclusion: Our results showed that intravenous administration of autologous aaPRP is safe even in patients with vari-
ous pathological conditions.
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INTRODUCTION

Platelet-rich plasma (PRP) is a high platelet concentrate
extracted from the processed autologous plasma of the
whole blood (1). A total of more than 1100 proteins have
been found in PRP with different functions, ranging from
enzymes, growth factors, and messengers of the immune
system (2). These proteins and many bioactive factors are
mainly secreted by three types of granule (alpha, delta,
lambda) within the platelets, with alpha granules being the
most abundant. Platelet activation is required for the release
of these proteins and bioactive factors by alpha granules (3).
Secreted proteins and bioactive factors upon activation are
found to take part in various biological processes, including
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cellular proliferation and differentiation, matrix remodel-
ing, and angiogenesis. These biological processes are found
to enhance wound healing and tissue regeneration (2).

Various protocols of PRP preparation exist with the basic
steps consist of: (1) Blood collection, (2) centrifugation,
(3) plasma aspiration, (4) potential second centrifugation,
(5) selected supernatant removal, (6) mixing/resuspension
of platelets, (7) activation, and (8) application (4). Among
all of the basic steps, platelet activation is a crucial step in
PRP preparation. Through activation, degranulation of alpha
granules, which releases growth factors, will be more optimal
and leads to higher availability of bioactive molecules (5).

PRP is a growing trend in medical field, with the appli-
cation ranging from cardiovascular to ocular disease (6).
In plastic surgery, the clinical application of PRP to date
includes wound healing, fat grafting (7), bone grafting,
skin and face rejuvenation, and hair restoration (4,8). With
such broad popularity and range of application, the safety
of PRP therapy becomes a crucial topic. Since PRP ther-
apy is autologous, it is safer with no concern of bloodborne
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disease transmission (9). Regarding the mode of delivery,
the current researches and reports about PRP involve vari-
ous modes of delivery; the most common ones include top-
ical and local injection (intradermal and subcutaneous) and
intraarticular (10,11,12,13). Very few studies performed
intravenous injection (14).

Although PRP therapy is considered safe, there were some
reported or possible adverse events. There were safety con-
cerns with intravenous delivery since there are limited
studies on this subject. Concerns on adverse events for
intravenous injection of PRP therapy include allergic reac-
tion, infection, and coagulation problems (15).

To the authors knowledge, there is no study evaluating
the safety of intravenous delivery of PRP with a large sam-
ple size. Thus, this study aims to investigate the safety of
intravenous autologous activated PRP (aaPRP) for various
pathological conditions.

METHODS

This was a retrospective study involving patients with var-
ious pathological conditions that were treated with autol-
ogous aaPRP in Hayandra Clinic. Our inclusion criteria
were male and female adult patients (aged 19-75 years
old). As for exclusion criteria, we excluded patients with
thromboembolic conditions. Follow-up of the patients was
done every 3-4 months during the course of our study.
Ethical clearance was obtained from Health Research
Ethics Committee, University of Indonesia, and Cipto
Mangunkusumo Hospital (HREC-FMUI/CMH). Data
were collected from the patients’ medical records with
informed consent obtained from each patient enrolled in
this study.

Group of pathology

Patients were classified into 7 pathological groups.
Pathological groups consist of diabetes mellitus, hyper-
stroke,
anti-aging, and other pathologies. Other pathologies con-

tension, osteoarthritis, post-cardiac stenting,
sist of hepatitis, psoriasis, chronic obstructive pulmonary

disorder, dementia, and Parkinson.

PRP preparation

Venous blood with volume of 24 mL was withdrawn from
the patient and divided into 8 sodium citrate blood col-
lection tubes (0.5 mL each tube) (BD Vacutainer®, New
Jersey, USA). The blood tubes were centrifuged with 188 G
speed for 10 min (SL16 Centrifuge Series, Thermo Fisher
Scientific, Massachusetts, USA). The separated plasma layer
was aspirated, collected with transfer pipette, and subjected
to second centrifugation of 1690 G for 10 min. Plasma was
then removed until the final volume in the tube was 2.5 mL.
The pellets of platelets were resuspended in the remaining
plasma in the tube (2.5 mL) which was considered as inac-
tivated PRP. Calcium activator (H-Remedy, Hayandra,
Indonesia) (0.15 mL) was added and mixed with the inac-
tivated PRP until clots were formed. Clots were then elim-
inated and 10 mL of NaCl 0.9% was added. The PRP was
then subjected to light activation (AdiLight-1, Adistem
Ltd., Hong Kong) for 20 min. The aaPRP was administered

intravenously with blood transfusion set tube to remove
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potential cellular debris (Terumo, Shibuya, Japan) to the
patient.

Quality control of PRP

Around 200 pL of PRP aliquot was moved into 1.5 mL
sterile microtubes. Analysis of sample was done using
Sysmex KX-21 (Sysmex Corporation, Japan) automated
hematology analyzer that has been calibrated before ana-
lyzing the platelet counts of PRP. Each aaPRP batch was
analyzed twice in every processing stage for platelet count
measurement.

Data collection and analysis

A retrospective analysis was performed on aaPRP-treated
patients with various pathological conditions from
January 2016 to December 2020. Included variables were
gender, age, number of PRP treatment, pathological con-
dition, and incidence of adverse reactions. Adverse events
include side effects or patient discomforts or complaints,
while serious adverse events include life-threatening con-
ditions that require major intervention or hospitaliza-
tion. Data was further analyzed descriptively, as shown
in the figures.

RESULTS

Patient demographics and PRP administration
Among 611 patients, 284 (46.48%) patients were male and
327 (53.52%) patients were female. The median age was
49 years old. The youngest patient was 19 years old and
the oldest patient was 75 years old. A total of 4244 aaPRP
therapy was done throughout the study.

Diabetes mellitus was the most common pathological
condition found in the patients, followed by osteoarthri-
tis, hypertension, stroke, post-cardiac stenting, anti-aging,
and other pathological conditions. The distribution per-
centage of patient’s pathological conditions is shown in
Figure 1.

Quality control of PRP

The blood of the patient was analyzed for blood cells and
platelets count. The patient’s platelets were counted in each
stage of PRP preparation and shown in Figure 2. High
platelet count of 1328 x 10%/uL was found in PRP but
significantly decreased to 5 x 10%/uL post-activation with
calcium activator. Further photo-activation of PRP reduced
platelet count to nearly zero.

Leukocytes were also counted in each stage of PRP prepa-
ration and shown in Figure 3. PRP had leukocyte count of
0.6 x 10°/uL and significantly reduced to zero with calcium
activation and photo-activation.

Safety analysis

Among all patients, no allergic reactions, infections, and
coagulation problems were observed. No serious adverse
events that caused life-threatening condition that required
hospitalization or urgent interventions happened in this
study. Overall, no aaPRP-related adverse events were
reported among all patients that participated in the study.
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FIGURE 1. Distribution of patient's pathological conditions.
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FIGURE 2. Platelet count from venous blood until final autologous activated
platelet-rich plasma product.
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FIGURE 3. Leukocyte count from venous blood until final autologous acti-
vated platelet-rich plasma product.

DISCUSSION

Previous studies have evaluated the safety of PRP for
localized administration. However, the safety for intra-
venous PRP administration has not been evaluated (10).
To our knowledge, this study is the first study involving
large number of patients to evaluate the safety of intra-
venous administration of aaPRP in various pathological
conditions.

Double centrifugation protocol was used in our study.
Through sterile centrifugation process, platelets will be
separated from red blood cells and sequestrate platelets
in high concentration without causing damage or lysis of
platelet to avoid triggering premature release of growth
factors (16). The optimal or “therapeutic” platelet con-
centration of PRP should be 4- to 5-fold greater than that
of the whole blood (17). According to the animal trial
done by Nagata et al., between double-centrifugation and
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single-centrifugation protocol, the former one yielded
higher platelet concentrations, but the setback was it caused
alterations in platelet morphology and, therefore, was more
sensitive to small processing error. The important point is
that in the above trial, therapeutic PRP was produced only
by the double centrifugation protocol (16).

In our study, calcium activator-light irradiation-activated
PRP was used due to better efficacy and safety. The ratio-
nale behind the use of calcium activation was to activate
platelets so growth factors would be secreted from the
o-granules without the need for the patient’s body to acti-
vate the platelets (8,18). Furthermore, activation leaves
no platelets in the activated PRP which prevents potential
thromboembolic events (19). It has been shown that pho-
to-activation of PRP with low-level light decreases the con-
centration of pro-inflammatory cytokines, such as interleu-
kin-2 (IL-2) and IL-6, and increases the concentration of
leukocyte-derived anti-inflammatory factors, such as IL-1
receptor antagonist (IL-1RA) and IL-2RA (20,21,22).
Two case studies by Freitag et al. showed that the patients
treated with activated PRP demonstrated improvement in
clinical outcome of osteoarthritic patients (23,24). In con-
trast, a clinical trial in osteoarthritis cases done by Paterson
et al. showed that there were no statistically significant
improvements in the activated PRP group when compared
to the control (hyaluronic acid) group (11). However, all
these studies demonstrated no side effect or complication
of activated PRP; hence, it may be considered as a safe
treatment option (11,23,24). Furthermore, with increased
concentration of anti-inflammatory factors, aaPRP may
also act as an anti-aging agent that helps reduce chronic
systemic inflammation which is one of the major markers
of aging (25). Our study confirmed that the activation step
of our processing technique successfully activate the PRP
as indicated by the significant decline of the platelet count.

Possible reported adverse events of PRP through intrave-
nous administration include allergic reactions, infections,
and coagulation problems. Allergic reactions may happen
due to the substances used to prepare PRP as reported by
Michal et al. (26). Improper processing and administra-
tion of PRP may also cause infections (15). The presence
of platelets in PRP has also raised concern for causing
thrombosis (27). As for this study, no adverse events were
reported in all 611 patients.

There were no allergic reactions related to aaPRP admin-
istration in our patients as an autologous therapy gener-
ally has a low risk of allergic reaction complication. Our
study also did not find any infection-related complica-
tions due to the administration of aaPRP as Reddy et al.
mentioned (15). The preparation of our aaPRP was han-
dled with aseptic and antiseptic technique to maintain
its sterility from the time of blood withdrawal until its
administration to the patient. No coagulation problems
such as thromboembolic events were observed in this
study. This can be explained because, during the pro-
cessing period, all clots had been removed meticulously.
In addition to that, the PRP was administered through
blood transfusion set tube so that any possible remnant
of clots would be filtered out before it entered the circu-
lation. The activation of PRP with calcium activator and
light irradiation reduced the number of platelets to nearly
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zero and leukocytes to zero. This implies that when aaPRP
was administered to the patient, there were virtually no
platelets and leukocytes left that may potentially cause
thrombosis (19).

A systematic review and meta-analysis have found that PRP
which is rich in wound healing-related growth factors, such
as vascular endothelial growth factor and platelet-derived
growth factor, helps in patients with diabetic ulcer (28,29).
PRP has also been reported to be beneficial for ischemic
stroke, osteoarthritis, and chronic ulcers. There have been
no previous reports regarding the adverse event of PRP use
in those cases or its combination with stromal vascular frac-
tion (11,12,30,31,32,33). Our study showed that the intra-
venous administration of aaPRP in patients with various
pathological conditions did not cause any adverse event.
Thus, aaPRP for therapy in various pathological conditions
is safe for patients and might even be beneficial to treat
their pathological condition.

‘The limitation of this study is the absence of objective eval-
uation to measure the efficacy of aaPRP as a therapy for
various pathological conditions. Although aaPRP is proven
to be safe, further prospective study is required to objec-
tively evaluate the efficacy of 2aPRP as a therapy for various
pathological conditions.

CONCLUSION

The use of aaPRP intravenously in this study showed no
allergic reactions, infections, and coagulation problems
despite various patients pre-existing conditions. This sug-
gests that intravenous injection of aaPRP is safe with no
adverse effects.
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