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ABSTRACT

Introduction: Platelet-rich plasma (PRP) is a technology with potential application in several
areas of Medicine and Dentistry. The high variability observed during the production process
imposes a challenge for the regulation of its production and use. Objective: To evaluate current
practices of production, storage and use of platelet-rich plasma and related products in Brazil,
allowing the identification of operational variability throughout these processes. Method: Cross-
sectional study with data collection carried out by using a self-applied electronic questionnaire,
with protection of anonymity. Questions were defined based on a literature review and
consultation with a specialist in the field. The study questionnaire was sent to researchers
and professionals who are producing PRP identified by different strategies, such as previous
participation in events and publications in the area. Results: 64 responses were obtained, with
36 complete responses (56.3%) and 28 partial responses (43.7%). The rate of respondents could
not be calculated, considering the means for dispatching the questionnaire. For PRP, there
was a predominance of use of protocols with double centrifugation and platelet activation by
different methods. Most respondents reported using PRP in the areas of orthopedics, physiatry
and sports medicine. For fibrin-rich plasma (PRF), there was a predominance of responses
using a single centrifugation protocol, without the use of platelet activation methods. Most
respondents indicate the use of PRF in areas of dentistry. Variability of procedures and usage
profile were observed for all platelet concentrates. Analyses were carried out comparatively
according to the three main types of platelet concentrates. Conclusions: Findings corroborate
the need to develop regulatory norms aiming at reducing variability and at promoting safety
along the production and use of platelet concentrates.

KEYWORDS: Platelet-Rich Plasma; Platelet Concentrates; Blood Preservation; Blood Safety

RESUMO

Introducéo: O plasma rico em plaquetas (PRP) € uma tecnologia com potencial aplicacéo
em diversas areas da medicina e odontologia. A alta variabilidade no processo de producao
desta tecnologia e de tecnologias relacionadas desafiam a regulamentacao de sua producao,
do controle de qualidade e do uso. Objetivo: Avaliar praticas de producao, armazenamento
e utilizacdo do PRP e produtos relacionados no Brasil, permitindo a identificacao de
variabilidade operacional ao longo destes processos. Método: Estudo transversal com coleta
de dados realizadas por meio de um questionario eletronico, autoaplicado e com preservacao
de anonimato. As perguntas foram definidas a partir de revisao de literatura e por consulta a
especialista da area. O questionario foi encaminhado a pesquisadores e a profissionais de varias
areas atualmente envolvidas na producao do PRP. Esses profissionais foram identificados por
diferentes estratégias, tais como participacdo prévia em eventos relacionados e publicaces
na area. Resultados: Foram obtidas 64 respostas, sendo 36 respostas completas (56,3%) e 28
respostas parciais (43,7%). A taxa de respondentes nao pdde ser calculada, considerando-se
as formas de divulgacdo do questionario. Para a producdo de PRP, as respostas indicaram
predominio de protocolos com centrifugacdo dupla e utilizacdo de métodos variados para
ativacao plaquetaria. A maioria dos respondentes referiu utilizar o PRP nas areas de ortopedia,
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fisiatria e medicina esportiva. Para a producdo do plasma rico em fibrina (PRF), houve predominio de respostas indicando utilizacdo de
protocolo de centrifugac&o Unica, sem utilizacdo de métodos de ativacdo plaquetaria. A maioria dos respondentes indicou utilizar o PRF em
areas da odontologia. No geral, observou-se grande variabilidade nos procedimentos de obtencao e do perfil de utilizagdo entre os principais
tipos de concentrados de plaquetas. Conclusdes: Os achados corroboram a necessidade do desenvolvimento de medidas regulatorias com

foco nos pontos criticos identificados, visando promover a seguranca durante a producéo e utilizacdo dos concentrados de plaqueta.

PALAVRAS-CHAVE: Plasma Rico em Plaquetas; Concentrado de Plaquetas; Preservacao de Sangue; Seguranca do Sangue

INTRODUCTION

Platelet-rich plasma (PRP) is a blood component characterized
by the supraphysiological concentration of platelets, which,
unlike transfusional platelet concentrates, does not aim to pro-
mote hemostasis or normalization of coagulation, being used for
non-transfusional purposes’.

Several types of growth factors are found inside platelets, such
as platelet-derived growth factors (PDGF) and vascular endothe-
lial growth factor (VEGF). These growth factors play an import-
ant role in biological functions related to tissue repair, through
increased cell differentiation and proliferation, collagen produc-
tion, and angiogenesis?**°,

Based on this physiological rationale, platelet concentrates
of autologous origins such as PRP, fibrin-rich plasma (FRP) and
platelet-rich plasma without leukocyte reduction (PRP-L) have
been used in a range of clinical situations in dentistry®”%° and
in medicine, in subareas such as orthopedics and sports medi-
cine'®"12 wound care', dermatology', among others.

Despite its wide potential for use and investigation through
randomized clinical trials, the evidence regarding the effi-
cacy of non-transfusion platelet concentrates is still not
considered consistent, due to methodological limitations of
the studies and the expressive variability of the methods of
obtaining platelet concentrates and the composition of the
product obtained'7:18,

In addition to having implications for the effectiveness of
platelet concentrates, the high variability in production, stor-
age, and use methods can pose issues related to product qual-
ity and patient safety. The present study was developed to
evaluate current practices in the production, storage and use
of PRP and related products in Brazil, allowing the identifica-
tion of variability according to the different types of platelet
concentrates (PRP, FRP, PRP- L), from information collected
by applying a questionnaire, to support the development of
regulatory standards by the Brazilian National Health Surveil-
lance Agency (Anvisa).

METHOD

Study design and location

Cross-sectional study, with data collection performed using an
electronic self-applied questionnaire conducted at the Health
Technology Assessment Center of Hospital Sirio-Libanés.

http://www.visaemdebate.incgs.fiocruz.br/

Construction of the questionnaire

The questions in the questionnaire were identified based on the
findings of a literature review, carried out previously, seeking
to reflect the stages of production of the PRP and related prod-
ucts that are more subject to variability and, therefore, can be
considered as critical. In addition, a specialist hematologist was
consulted in order to identify additional questions and to con-
struct alternative answers to the questions, in order to ensure
the scope and adequacy of the questionnaire (Chart 1).

The questionnaire was designed to be self-administered in elec-
tronic format, through the SurveyMonkey® platform, and was
available for access between July 30th and September 30th,
2019. The final version of the questionnaire was piloted by one
of the authors.

Application and dissemination of the questionnaire

The questionnaire was disseminated through different means,
aiming to increase the number of respondents and the represen-
tation of different areas of knowledge. The following dissemina-
tion strategies were adopted:

« Sending an e-mail to researchers and health professionals par-
ticipating in the International Seminar on the Use and Regula-
tion of PRP held in August 2018 in Brasilia.

« Sending an e-mail to a list of events related to the areas
of hematology, orthopedics, and biomedicine, previously
held at the Teaching and Research Institute of Hospital
Sirio-Libanés.

» Contact with professional societies and sending the link with
the questionnaire for dissemination among registered mem-
bers (Chart 2).

« Sending an email to Brazilian researchers who have authored
studies investigating the effects of PRP and related products reg-
istered on the ClinicalTrials.gov clinical trial registry platform.

Analysis and presentation of results

The data obtained from SurveyMonkey® were extracted using a
Microsoft Excel® spreadsheet for evaluation and interpretation.
Considering the small number of expected responses and the
preliminary exploratory objective of this study, detailed statis-
tical analyzes were not planned for the treatment and presen-
tation of data.
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Chart 1. Topics covered in the questionnaire.

Topics covered in the questionnaire.
Production site

Type of system used in production (open or closed system)*

Type of product produced

Anticoagulant used

Number of centrifugations

Centrifugal force (single centrifugation or first and second steps of double centrifugations)
Centrifugation duration (single centrifugation or first and second steps of double centrifugation)
Maximum time between blood collection and the end of product processing

Temperature conditions during the period between blood collection until the end of processing
Identification of samples at the time of collection and during processing

Frequency of evaluation of cell concentrations of the final product

Method used to assess the cell concentrations of the product obtained

Platelet concentration of the product obtained, in absolute and relative values

Leukocyte concentration of the product obtained, in absolute and relative values
Frequency of evaluation of the final product growth factor concentrations

Method used to assess the concentration of growth factors

Frequency of microbiological assessment

Methods for microbiological assessment

Frequency of the patient’s serological and/or molecular assessment

Serologies and/or molecular tests performed

Maximum storage time (from obtaining the final product until its use)

Storage temperature (from obtaining the final product until its use)

Identification of samples during the storage period

Activation method used before its use

PRP usage areas

Product form of application

Administration of PRP (or its related products) concurrently with other substance(s)

How to use PRP or related products

Checking the identification of samples before using the product

Adverse events related to the use of PRP and related products

Source: Elaborated by the authors, 2020.

PRP: platelet-rich plasma.

*Open system defined by blood collection using a needle and syringe, where it is necessary to disconnect the needle to transfer the blood to the
collection tube, and a closed system characterized by a vacuum collection system.

Ethical aspects of the answers. There was no identification of respondents

through names or other attributes. Analyzes were performed
The answers were evaluated after the automatic generation based on the respondents’ agreement regarding the terms of
of an identifying number, fully preserving the anonymity the project.
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Chart 2. List of contacted professional societies and associations.

« Brazilian Association of Hematology, Hemotherapy, and
Cellular Therapy

» Brazilian Association of Aesthetic Medicine

» Brazilian Dental Association

» Federal Council of Biomedicine

» Federal Council of Medicine

» Federal Council of Dentistry

» Brazilian Society of Dermatology

« Brazilian Society of Ophthalmology

» Brazilian Society of Orthopedics and Traumatology
« Brazilian Society of Rheumatology

» Brazilian Society of Urology

Source: Elaborated by the authors, 2020.

RESULTS

A total of 64 responses were obtained from the questionnaire,
29 responses were obtained from a link previously made avail-
able and 35 responses were obtained from communication via
personal e-mail.

Among the responses obtained, 36 were complete responses
(56.3%) and 28 were partial responses (43.7%). The rate of
respondents in the form of response via communication via per-
sonal email was 6.0% (64 responses from 1,065 emails sent). The
mean time to complete the questionnaire, as shown by Survey-
Monkey®, was 12 min. The definition of the total percentage of
respondents was not possible due to the disclosure of the link by
professional societies.

Type of product

Regarding the type of platelet concentrate produced, there
was a predominance of PRP production (54.7% of responses),
followed by FRP (17.2%), PRP-L (14.0%), PRP gel (6.3%), lyo-
philized PRP (3.1%), or other types of platelet concentrates
(4.7%) (Figure 1).

Analyzes were performed according to the three main types of
platelet concentrates (PRP, PRP-L, FRP), to identify technical
specificities and usage profiles.

Production site

It was observed that PRP processing is carried out predominantly
in medical offices or clinics (62.9% of responses) and/or hospitals
(60.0% of responses), while FRP processing is performed mainly
in offices or dental clinics (63.4% of responses) or in medical
offices or clinics (54.6% of responses) (Figure 2).
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Type of system

The processing of the FRP is performed, in most cases, using
closed systems (90.9% of responses), while the processing of the
PRP and PRP-L is performed using both types of systems (Figure 3).

N N w w A A (S (S}
o (S} o vl o ul o ul
! L ! ! ! ! ! J

Percentage of responses

PRP FRP PRP-L PRP gel Other PRP
lyophilized

Type of platelet concentrate
Source: Elaborated by the authors, 2020.

PRP: platelet-rich plasma; FRP: fibrin-rich plasma; PRP-L: platelet-rich
plasma without leukocyte reduction.

Figure 1. Type of platelet concentrate produced in Brazil, 2019.

20

Number of responses

FRP PRP PRP_L
Production site
Localization
Il Blood bank
[ Doctor’s office or clinic
[ Dental office or clinic
[ Hospital
W Other

Source: Elaborated by the authors, 2020.
PRP: platelet-rich plasma; FRP: fibrin-rich plasma; PRP-L: platelet-rich
plasma without leukocyte reduction.

Figure 2. Place of production of non-transfusion platelet concentrates,
in relation to the type of health establishment.
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Source: Elaborated by the authors, 2020.
PRP: platelet-rich plasma; FRP: fibrin-rich plasma; PRP-L: platelet-rich
plasma without leukocyte reduction.

Figure 3. Type of system used in the production of non-transfusion
platelet concentrates.

Type of anticoagulant

The use and choice of the type of anticoagulant were more
homogeneous for the processing of PRP and PRP-L, with a
predominance of sodium citrate or citrate dextrose A (ACD-A)
(78.8% and 77.8% of responses, respectively), to the detri-
ment of ethylenediaminetetraacetic acid (EDTA) or absence
of anticoagulant use (21.2% and 22.2%, respectively), while
for the processing the PRF, the use of sodium citrate or ACD-A
was identified in 50.0% of the responses, the absence of anti-
coagulants in 45.5% of the responses and the use of EDTA in
4.5% of the responses.

Number of centrifugations

Regarding the number of centrifugations, the protocol for
processing PRP or PRP-L, in most cases, involved double
centrifugation (62.9% and 88.9% of responses, respectively),
followed by single centrifugation (31.4% and 11.1%, respec-
tively) or by unspecified protocols (5.7% of responses related
to PRP). Processing of FRPinvolved single centrifugation
(72.7% of responses).

Centrifugation Force - single centrifuge protocol

The centrifugation force of the most frequently used FRP single
centrifugation protocols was 100 to 500 g (57.1% of responses),
followed by greater than 500 to 1,000 g (14.3%). The centrifu-
gation force at g was not reported in 28.6% of responses. The
centrifugation force of the single centrifuge protocols for PRP
processing was more heterogeneous, ranging from 100 to 1,000 g
in all valid responses.

http://www.visaemdebate.incgs.fiocruz.br/
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Centrifugation duration - single centrifugation protocol

The duration of centrifugation in the most frequently used
single centrifugation protocols was 7 to 10 min for all plate-
let concentrates (60.0%, 100.0%, and 57.1% of responses, for
PRP, PRP-L, and FRP, respectively). Other responses to the PRP
included time greater than 10 min (20.0%) or lack of knowl-
edge about the information (20.0%). For the PRF, the use of a
centrifugation time greater than 10 min occurred in 42.9% of
the responses.

Force of the first centrifugation - double centrifugation protocol

The force of the first centrifugation in the PRP double centrif-
ugation protocols was 500 to 1,000 g, followed by 100 to 500 g
(35.0% and 30.0% of responses, respectively). Other responses
included strength greater than 1,000 g (5.0%), or no valid
responses (30.0%). For the PRP-L, most answers indicated the
use of force from 100 to 500 g (57.1% of the answers), followed
by a force greater than 1,000 g (14.3%). The other responses
obtained did not present the g force values.

Duration of first centrifugation - double centrifugation protocol

The duration of the first centrifugation in the double centrif-
ugation protocols for PRP processing was 7 to 10 min (45.0%
of responses), followed by 4 to 6 min (30.0% of responses),
and for a time longer than 10 min (10.0% of responses). The
other responses obtained did not identify the duration of
the centrifugation time. For the production of the PRP-L,
there was a predominance of responses of 4 to 6 min (42.8%
of responses), followed by 7 to 10 min (28.6% of responses),
and for a time of 1 to 3 min (14.3%). The other responses
obtained did not identify the duration of the centrifugation
time. For FRP, only one response was obtained, referring to
a duration of 4 to 6 min.

Force of the second centrifugation - double centrifugation protocol

The force of the second centrifugation of the most frequently
used PRP double centrifugation protocols was 500 to 1,000
g (35.0% of responses), however, values below and above this
range were also reported, showing great variability of methods.
The same was observed for PRP-L. No responses were obtained
for the FRP.

Duration of second centrifugation - double centrifugation protocol

The duration of the second centrifugation in the most frequently
used double centrifugation protocols for processing the PRP
was 7 to 10 min (35.0% of responses). However, values below
and above this range were also reported, showing great vari-
ability of methods. For PRP-L processing, the duration most fre-
quently reported was greater than 10 min (57.1% of responses),
followed by responses reporting centrifugation duration of 7 to
10 min (28.6%), and for 4 to 6 min (14.3%). A single response
was obtained regarding the processing of the FRP, referring to a
duration of 4 to 6 min.
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Maximum time between collection and completion of processing

The maximum time between collection and the end of processing
was up to 4 h in most responses related to PRP and PRP-L (89.5%
and 100.0% of responses, respectively). In the other responses
obtained for the PRP, the time was longer, between 8 and 12 h
(5.2%) and between 12 and 24 h (5.25%). For FRP, two responses
were obtained, indicating processing time up to 4 h and between
4 and 8 h.

Temperature conditions between collection and completion
of processing

For all types of platelet concentrates, there was a report of
controlled room temperature, between 20 and 24°C (52.6% to
57.1% of responses), but a greater variability of responses was
observed for PRP, with 28.6% of the answers referring to uncon-
trolled ambient temperature and 19.0% referring to refrigeration
conditions between 2 and 6°C.

Sample identification methods between collection and processing

The methods reported for identifying samples between PRP
collection and processing involved a single identifier (47.4% of
responses), followed by the use of two identifiers (42.1% of
responses), by the absence of identification (5.0%), or by using
another identification method (5.0%). Most of the responses
obtained for the PRP-L indicated the use of two identifi-
ers (57.14% of the responses), followed by a single identifier
(28.6%), or by the absence of the use of identification (14.3%).
For the FRP, two responses were obtained pointing to the use
of a unique identifier.

Frequency of evaluation of cell concentrations in the final product

The responses obtained for PRP showed variability in terms of
the frequency of evaluation of cell concentrations in the final
product, with the evaluation of all samples for 34.6% of the
responses and with the evaluation of cell concentrations in at
least some of the samples in 30.8% of the responses. Other
responses included the absence of assessment of cell concen-
trations in the product (19.2%) or another type of assessment
routine (15.4%). For PRP-L, the evaluation of cell concen-
trations in the final product in all samples was indicated in
50.0% of the responses, followed by another evaluation routine
(25.0%), evaluation in some of the samples (12.5%), or lack of
evaluation (12.5%). For the PRF, most answers pointed to the
absence of an evaluation of the cell concentrations of the prod-
uct obtained (62.5% of the answers), followed by evaluation in
all samples, in some of the samples or other evaluation routines
(12.5% for each answer).

The method used to assess cell concentrations

The responses obtained for the PRP showed a predominance of
using automated methods for counting (94.4% of the responses),
followed by manual counting (5.6%). For the PRP-L, a predomi-
nance of automated methods was also reported, corresponding
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to 57.1% of the responses, followed by manual methods (28.6%),
and other methods (14.3%). For the FRP, there was a greater
diversity of responses, indicating the use of automated and man-
ual methods, similarly.

Platelet concentration of the obtained product

The number of platelets in the product ranged from 500,000 to
750,000 platelets/mm?in 44.4% of responses, however, values
lower and higher than this range were also reported, showing
great variability of methods. For the PRP-L, the values reported
in 50.0% of the responses were between 750,000 and 1,000,000
platelets/mm? and for the FRP two responses were obtained, one
being 750,000 and 1,000. 000 fibrins/mm? and the other above
1,000,000 fibrins/mm?.

Considering the relative values, there was great variability
in the responses on the platelet concentration of the prod-
uct obtained, in relative values for the PRP, with responses
between 1.5 and 2.5 times the baseline values (38.9%) or more
than 4.5 times the baseline values (33.3%). Other responses
obtained were 1.5 to 2.5 times baseline (16.7%) or 3.5 to 4.5
times baseline (11.1%). The same variability was observed for
PRP-L. For the PRF, two responses were obtained, indicating
that the platelet concentration is 3.5 to 4.5 times higher than
the baseline values.

Leukocyte concentration of the obtained product

Valid responses for PRP indicated that the number of leuko-
cytes in the final product ranged from 1,000 leukocytes/mm?
(46.7% of responses) to values between 1,000 and 5,000 leu-
kocytes/mm?3 (46.7% of responses). Other responses obtained
were between 5,000 to 10,000 leukocytes/mm?3 (6.7%). For the
PRP-L, there was greater variety of responses, with values
observed ranging from levels below 1,000 leukocytes/mm? to
the range between 10,000 and 15,000 leukocytes/mm?3. For
the FRP, responses were obtained between 5,000 and 15,000
leukocytes/mm3.

In relative values, there was great variability of responses on
the leukocyte concentration of the product obtained, in relative
values, for the PRP, with responses referring to a leukocyte con-
centration higher, equal to, or lower than the baseline values.
The same variability was observed for PRP-L. For the FRP, two
responses were obtained, indicating that the leukocyte concen-
tration is higher than the baseline values.

Frequency and methods for evaluating the concentration of
growth factors

The responses obtained for all platelet concentrates showed
a lack of routine assessment of the concentration of growth
factors in most cases. In cases where the concentration of
growth factors is evaluated, the only method reported was flow
cytometry. The use of flow cytometry has been reported in five
PRP-related responses, two PRP-L-related responses, and one
FRP-related response.
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Microbiological evaluation

Microbiological assessment is not performed in most cases of FRP
processing (85.7% of responses). For the PRP, variable responses
were identified, with 45.5% of the responses referring to the
absence of microbiological assessment routines, and 31.8% of
the responses indicating the performance of microbiological
assessment for some samples. Other responses obtained were
microbiological assessment in all samples (18.2%) or another
type of assessment routine (4.5%).

The method used for microbiological assessment involved cul-
ture media in most cases of PRP processing (63.6% of responses),
followed by Gram stain (18.2%), or another method (18.2%). The
use of culture media was reported in all cases of PRP-L process-
ing where this type of assessment was performed. For the FRP,
two responses were identified, referring to the use of cultures
or Gram stain.

Serological and/or molecular assessment of the patient

Serological and/or molecular assessment of the patient was not
performed in most cases of PRP-L processing (85.7% of responses).
For PRP and FRP, responses with great variability were identi-
fied, with a predominance of responses referring to the absence
of serological and/or molecular assessment routines. The most
used tests were anti-HIV, anti-HBC, HBS-Ag, Anti-HCV and serol-
ogy for syphilis.

Maximum storage time

For the three products, most responses indicated immediate use
and therefore no storage (68.2% for PRP, 100.0% for PRP-L, and
71.4% for PRF). A minority of responses related to PRP pointed to
the need to store the product for up to 6 h (9.5% of responses),
from 6 to 12 h (4.8% of responses), from 12 to 24 h (4, 8% of
responses), or more than 24 h (4.8% of responses). All responses
related to PRP-L indicated immediate use of the product. For the
FRP, storage periods of up to 12 h were reported.

Storage temperature

For the PRP, 38.1% of the responses indicated the storage of the
PRP between 20 to 24°C and 38.1% of the responses indicated
storage under uncontrolled room temperature. Other responses
included refrigerated storage (9.5%), other storage conditions
(9.5%), and freezing (4.8%). For PRP-L or FRP, the responses
showed greater variability.

Identification of samples during storage

For the PRP, the responses indicated that the samples are most
often identified through a unique identifier (52.4% of responses),
followed by responses pointing to the use of two identifiers (28.6%
of responses), another type of identification system (14.3%), or
lack of identification (4.7%). One response indicated the absence
of product identification during the storage period. For PRP-L or
FRP, the responses showed greater variability, with some responses
indicating the lack of identification of the stored samples.
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Activation method used

Most responses related to the PRF pointed to the absence of use
of activation methods (85.7% of responses), followed by acti-
vation with thrombin (7.1%), or another method of use (7.1%).
The responses for PRP and PRP-L indicated greater variability in
relation to the activation methods used.

Areas of expertise in health in which the products were used

The answers related to PRP and PRP-L indicated the use of these
concentrates in the areas of: orthopedics, physiatrics, and sports
medicine (50.0% of responses), wound care (18.4%), dermatology
(13.15%), dentistry (13.15%), ophthalmology (5.3%) and others
(7.9%). The answers related to the FRP indicated a predomi-
nance of use in the field of dentistry (60.0% of the answers), fol-
lowed by wound care (10.0%), dermatology (10.0%), orthopedics
(10.0%), and others (10.0%) (Figure 4).

Form of application

There was a predominance of use of PRP by infiltration (75.0%
of respondents) or intraoperative period (60.0% of respondents).
The use of PRP-L was mainly due to infiltration (80.0% of respon-
dents). The responses related to the FRP indicated predominantly
intraoperative use in dental procedures (71.4% of respondents).

Number of responses

ol
FRP PRP
Place of use

PRP_L

Operation area

M Wound care

O Dermatology

[ Dentistry

[0 Ophthalmology

B Orthopedics, physiatrics, and sports medicine
W Others

O Urology

Source: Elaborated by the authors, 2020.
PRP: platelet-rich plasma; FRP: fibrin-rich plasma; PRP-L: platelet-rich
plasma without leukocyte reduction.

Figure 4. Areas of use of non-transfusion platelet concentrates,
according to medical or dental specialty.
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Concurrent application to other substances

Variability was observed in relation to the concomitant applica-
tion of PRP with other substances for all platelet concentrates,
including the use associated with topical anesthetics (30.0% of
responses) and hyaluronic acid (45.0% of responses).

Modalities of use

Most responses related to PRP identified use as part of a research
protocol (80.0% of responses), followed by clinical practice
(60.0% of responses). For the PRP-L and FRP, the predominance
of responses referred to use as clinical practice (80.0% and
100.0% of responses, respectively).

Product identification prior to use

Responses related to PRP indicated the use of a unique identifier
before applying the platelet concentrate (65.0% of responses),
followed by the use of two identifiers (35.0% of responses).
There was great variability of responses for PRP-L and FRP.

Adverse events

Most responses related to PRP identified the presence of at
least one adverse event (60.0% of responses). The most common
adverse event reported was pain at the application site (40.0% of
responses). The same finding occurred in relation to the PRP-L,
with 60.0% of the responses reporting the occurrence of pain at
the application site. For the FRP, most respondents reported no
adverse events (85.7% of responses).

In summary, great variability of responses was observed, in sev-
eral stages of processing, as well as in relation to quality con-
trol and the use of platelet concentrates. The main findings are
listed in Chart 3.

DISCUSSION

The variability of production methods for PRP and other plate-
let concentrates has been reported in previous studies'®".
These studies highlight the role of using different commercial
systems'”? and different centrifugation protocols as sources of
variability", including aspects of strength and centrifugation
duration?'. Other relevant issues include the use of platelet
activation methods'?? and the type of anticoagulant used at
the time of collection?.

In the present study, the sources of production variability were
identified for the three main platelet concentrates, PRP, PRP-L
and PRP-F. The methods used for the production and the profile
of use of these platelet concentrates were evaluated individu-
ally, for each one of them. Therefore, the interpretation of the
results considered the specificities in terms of the procedures for
production and use.

For the PRP, some guiding characteristics were identified from
the set of responses. Product processing has predominantly
taken place in medical offices and clinics and/or hospitals, with
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a double centrifuge protocol. The first centrifugation step has
been carried out for 7 to 10 min with a centrifugal force of 100
to 1,000 g. The second centrifugation seems to be more suscep-
tible to variability in terms of duration and gravitational force.
The concentration of platelets in the final product obtained var-
ies between 1.5 and 4.5 times higher than the basal value. The
leukocytes’ concentration seems to be related to greater vari-
ability and the growth factors’ concentration is not routinely
performed in most cases. PRP is predominantly used by profes-
sionals in the field of orthopedics, physiatrics and sports medi-
cine. The product is applied by infiltration or intraoperatively in
medical procedures.

The responses related to PRP-L exhibited variability in relation to
the place of production. The product is obtained, in most cases,
using double centrifugation, using, in the first centrifugation, a
gravitational force of 100 to 500 g for 4 to 10 min. The second
centrifugation most often employs a force of 500 to 1,000 ¢ and
lasts longer than 10 min. The platelet concentration of the final
product ranges between values 1.5 to 4.5 times higher than the
basal value. WBC concentration is highly variable, with responses
indicating a decrease or increase in WBC concentration from
baseline. The concentration of growth factors is not routinely
performed. The product is predominantly applied by infiltration,
in the areas of orthopedics, physiatrics, and sports medicine.

PRF exhibits a different profile of production and use methods
compared to PRP and PRP-L, being produced predominantly by
a single centrifugation protocol, employing a gravitational force
between 100 and 500 g, by a period equal to or greater than
7 min. The concentration of platelets in the final product was
3.5 to 4.5 times higher than the baseline value. Leukocyte con-
centration above baseline was reported, without monitoring the
concentration of growth factors. The product is predominantly
used through intraoperative application in dental procedures.

The assessment of the adequacy of the methods described in
the responses obtained is hampered by the scarcity of well-de-
fined recommendations in the scientific literature. In a recently
published consensus on the use of PRP in knee osteoarthritis,
some recommendations regarding the standardization of the use
of platelet concentrates are presented, such as the number of
applications needed, the indication criteria, and recommenda-
tions on the use in conjunction with other products. This consen-
sus, however, does not bring recommendations regarding tech-
nical production procedures or minimum safety requirements?.

Several critical points were identified, subject to variability and
risks throughout the production process. A primeira questao ref-
ere-se a qualidade do produto obtido, em termos das concen-
tragoes celulares e da concentracao de fatores de crescimento.
Considering that the low concentration of cellular components
and growth factors may compromise the effectiveness of plate-
let concentrates, minimum standards for platelet, leukocyte, or
growth factor concentrations should be stipulated as require-
ments for evaluating the quality of the concentrate. Addition-
ally, the monitoring routine and methods for documenting the
results must be defined.
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Chart 3. Production characteristics of platelet concentrates.

Pachito DV et al.

Production and use of platelet-rich plasma in Brazil

PRP

PRP-L

FRP

Processing location

Type of system

Type of anticoagulant
Number of centrifugations

Centrifugation force (single centrifugation)
Centrifugation duration (single centrifugation)
Force of the first centrifugation (double centrifugation)

Duration of the first centrifugation
(double centrifugation)

Force of the second centrifugation
(double centrifugation)

Duration of second centrifugation (double centrifugation)

Maximum time between blood collection and end
of processing

Sample identification methods between collection and
end of processing

Frequency of evaluation of cell concentrations in the
final product

Method used to assess cell concentrations
Platelet concentration in the obtained product
Leukocyte concentration

Growth factor concentration assessment

Frequency of microbiological assessment

Methods for microbiological assessment

Frequency of the patient’s serological and/or molecular
assessment

Tests for serological and/or molecular assessment of
the patient

Storage temperature

Identification of samples during storage

Activation method

Usage areas

Forms of application

Concomitant use with other substances

Modality of use
Identification of samples before application

Adverse events

Medical offices and clinics
and/or hospitals

Open or closed
Sodium citrate/ACD-A

Predominance of double
centrifugation

100 to 1,000 g
7 to 10 min
100 to 1,000 g

4 to 10 min

500 to 1,000 g
7 to 10 min

Upto4h

One or two identifiers

All or some of the samples

Automated

1.5-4.5 times higher than
baseline

Variable
Not performed

Not performed or
performed on some
samples

Culture
Variable

Anti-HIV, anti-HBC, HBS-
Ag, Anti-HCV<t5/>, and
serology for syphilis.

20 to 24°C or room
temperature

One or two identifiers
Variable

Orthopedics, physiatrics,
and sports medicine

Infiltration or
intraoperative application
in medical procedures

Topical anesthetics
Hyaluronic acid
Corticosteroids

Research protocol
Unique identifier or double
identifier

Pain at the application site

Dental offices/clinics and
medical offices/clinics

Open or closed
Sodium citrate/ACD-A

Double centrifugation

No response obtained
7 to 10 min
100 to 500 g

4 to 10 min

500 to 1,000 g
Greater than 10 min

Upto4h

Two identifiers

All samples

Automated or manual

1.5-4.5 times higher than
baseline

Variable

Not performed

Variable

Culture

Not performed

Variable

Variable

Variable
Variable

Orthopedics, physiatrics, and
sports medicine

Infiltration

Topical anesthetics
Hyaluronic acid
Radioisotopes

Clinical practice
Variable

Pain at the application site

Dental offices/clinics and
medical offices/clinics

Closed
None or sodium citrate/ACD-A

Predominance of single
centrifugation

100 to 500 g
> 7 min

No response obtained

4 to 6 min

No response obtained
4 to 6 min

Upto8h

One identifier

Not evaluated

Automated or manual

3.5-4.5 times higher than
baseline

> Baseline values

Not performed

Not performed

Culture or Gram

Variable

Variable

Variable

Variable

No activation

Dentistry

Intraoperative application in
dental procedures

Topical anesthetics
Hyaluronic acid

Clinical practice
Variable

None

Source: Elaborated by the authors, 2020.

PRP: platelet-rich plasma; PRP-L: platelet-rich plasma without leukocyte reduction; FRP

min: minute; h: hour

In order to reduce the risks related to treatment with plate-
let concentrates in multiple scenarios, the development of
regulatory standards should consider the practical aspects
related to the identification of samples, throughout all stages
of the process, from collection to application of the product,
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minimizing the risk of exchange of samples and contamina-
tion. Temperature conditions and maximum storage time must
also be defined, as well as the standardization of previous
serological assessment and microbiological assessment rou-
tines. The analysis of cell concentrations and growth factors
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in the product and the minimum number of samples to be
tested in quality control must also be established by standards
so that the quality of the product, essential for its effective-
ness, is guaranteed.

So far, there are no regulations to guide the technical aspects
of the production of platelet concentrates without transfu-
sion purposes. The Consolidated Ordinance of the Ministry
of Health No. 5, of September 28, 2017%, provides for the
storage term and storage temperature of PRP, as an interme-
diate product in the production of transfusion platelet con-
centrates. The ordinance provides that the production of PRP
occurs within 24 h after collection if the whole blood has been
kept in conditions validated to maintain the temperature at
22 + 2°C. It is noteworthy that these regulations refer to the
production of PRP for transfusion purposes and, therefore, are
not directed to the production of platelet concentrates with-
out transfusion purposes.

Some of the responses obtained suggest that part of the pro-
duction of platelet concentrates in Brazil occurs in non-rec-
ommended standards, which reinforces the importance of
establishing regulations based on scientific evidence and inter-
national regulatory experience, which can address the critical
issues associated with the process of production and use of
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inspection measures.

The main advantage of the present study was the comprehen-
siveness of strategies for collecting responses. The study ques-
tionnaire was disseminated through e-mail lists and websites of
professional societies, in order to capture the greatest number
of responses. The questions in the questionnaire were defined
in order to enable the analysis of all stages involved in the
production, storage, and use of platelet concentrates. On the
other hand, the main limitation of the study was related to the
impossibility of evaluating the rate of respondents to verify the
representativeness of the responses. This assessment was not
possible, considering the dissemination of the questionnaire on
open sites.

CONCLUSIONS

The process of production, storage and use of platelet con-
centrates without transfusional purposes involves consider-
able variability in several stages, with potential compromised
effectiveness and increased risks related to the treatment.
Ideally, the regulatory process should address these critical
points to guide the production and use of these products
effectively and safely.

1. Teixeira MVT, Takamori ER, Menezes K, Carias RBV, Borojevic
R. Utilizacdo de plaquetas e de produtos derivados de
plaquetas humanas em terapias avancadas. Vigil Sanit Debate.
2018;6(1):125-36. https://doi.org/10.22239/2317-269x.01064

2. Eppley BL, Woodell JE, Higgins J. Platelet quantification and
growth factor analysis from platelet-rich plasma: implications
for wound healing. Plast Reconstr Surg. 2004;114(6):1502-8.
https://doi.org/10.1097/01.prs.0000138251.07040.51

3. Lieberman J, Daluiski A, Einhorn T. The role of growth factors in
the repair of bone. J Bone Joint Surg Am. 2002;84(6):1032-44.
https://doi.org/10.2106/00004623-200206000-00022

4. Gospodarowicz D, Ferrara N, Schweigerer L, Neufeld G.
Structural characterization and biological functions of
fibroblast growth factor. Endocr Rev. 1987;8(2):95-114.
https://doi.org/10.1210/edrv-8-2-95

5. YunY, Won JE, Jeon E, Lee S, Kang W, Jo H et al. Fibroblast
growth factors: biology, function, and application for
tissue regeneration. J Tissue Eng. 2010;2010:1-18.
https://doi.org/10.4061/2010/218142

6. Panda S, Doraiswamy J, Malaiappan S, Varghese SS,
Del Fabbro M. Additive effect of autologous platelet
concentrates in treatment of intrabony defects: a
systematic review and meta-analysis. J Investig Clin Dent.
2016;7(1):13-26. https://doi.org/10.1111/jicd.12117

7. Del Fabbro M, Corbella S, Taschieri S, Francetti L, Weinstein
R. Autologous platelet concentrate for post-extraction
socket healing: a systematic review. Eur J Oral Implantol.
2014;7(4):333-44.

http://www.visaemdebate.incgs.fiocruz.br/

8. Bousnaki M, Bakopoulou A, Koidis P. Platelet-
rich plasma for the therapeutic management of
temporomandibular joint disorders: a systematic
review. Int J Oral Maxillofac Surg. 2018;47(2):188-98.
https://doi.org/10.1016/j.ijom.2017.09.014

9. Barona-Dorado C, Gonzalez-Regueiro I, Martin-Ares
M, Arias-Irimia O, Martinez-Gonzalez JM. Efficacy
of platelet-rich plasma applied to post-extraction
retained lower third molar alveoli: a systematic review.
Med Oral Patol Oral Cir Bucal. 2014;19(2):e142-8.
https://doi.org/10.4317/medoral. 19444

10. Holtby R, Christakis M, Maman E, MacDermid JC,
Dwyer T, Athwal GS et al. Impact of platelet-
rich plasma on arthroscopic repair of small-to
medium-sized rotator cuff tears: a randomized
controlled trial. Orthop J Sports Med. 2016;4(9):1-10.
https://doi.org/10.1177/2325967116665595

11. Balasubramaniam U, Dissanayake R, Annabell L.
Efficacy of platelet-rich plasma injections in pain
associated with chronic tendinopathy: a systematic
review. Phys Sportsmed. 2015;43(3):253-61.
https://doi.org/10.1080/00913847.2015.1005544

12. Sadabad HN, Behzadifar M, Arasteh F, Behzadifar M,
Dehghan HR. Efficacy of platelet-rich plasma versus
hyaluronic acid for treatment of knee osteoarthritis: a
systematic review and meta-analysis. Electron Physician.
2016;8(3):2115-22. https://doi.org/10.19082/2115

Vigil. sanit. debate 2021;9(2):48-58 | 57



; Q[Q Pachito DV et al. Production and use of platelet-rich plasma in Brazil

13. Martinez-Zapata MJ, Marti-Carvajal AJ, Sola I, 20. Castillo TN, Pouliot MA, Kim HJ, Dragoo JL. Comparison
Expésito JA, Bolibar I, Rodriguez L et al. Autologous of growth factor and platelet concentration
platelet-rich plasma for treating chronic wounds. from commercial platelet-rich plasma separation
Cochrane Database Syst Rev. 2016;(5):1-59. systems. Am J Sports Med. 2011;39(2):266-71.
https://doi.org/10.1002/14651858.CD006899.pub3 https://doi.org/10.1177/0363546510387517

14. Gupta AK, Carviel JL. Meta-analysis of efficacy 21. Perez AGM, Lana JFSD, Rodrigues AA, Luzo ACM, Belangero
of platelet-rich plasma therapy for androgenetic WD, Santana MHA. Relevant aspects of centrifugation step
alopecia. J Dermatolog Treat. 2017;28(1):55-8. in the preparation of platelet-rich plasma. Int Scholar Res
https://doi.org/10.1080/09546634.2016.1179712 Not. 2014;2014:1-8. https://doi.org/10.1155/2014/176060

15. Pachito DV, Latorraca COC, Riera R. Efficacy of platelet- 22. Han B, Woodell-May J, Ponticiello M, Yang Z, Nimni
rich plasma for non-transfusion use: overview of M. The effect of thrombin activation of platelet-rich
systematic reviews. Int J Clin Pract. 2019;73(11):1-12. plasma on demineralized bone matrix osteoinductivity.
https://doi.org/10.1111/ijcp.13402 J Bone Joint Surg Am. 2009;91(6):1459-70.

16. Russell RP, Apostolakos J, Hirose T, Cote MP, Mazzocca https://doi.org/10.2106/JBJS.H.00246
AD. Variability of platelet-rich plasma preparations. 23. Araki J, Jona M, Eto H, Aoi N, Kato H, Suga
Sports Med Arthrosc Rev. 2013;21(4):186-90. H et al. Optimized preparation method of platelet-
https://doi.org/10.1097/JSA.0000000000000007 concentrated plasma and noncoagulating platelet-

17. Mazzocca AD, McCarthy MBR, Chowaniec DM, Cote derived factor concentrates: maximization of
MP, Romeo AA, Bradley JP et al. Platelet-rich plasma platelet concentration and removal of fibrinogen.
differs according to preparation method and human Tissue Eng Part C Methods. 2012;18(3):176-85.
variability. J Bone Joint Surg Am. 2012;94(4):308-16. https://doi.org/10.1089/ten.tec.2011.0308
https://doi.org/10.2106/JBJS.K.00430 24. Eymard F, Ornetti P, Maillet J, Noél E, Adam P, Legré Boyer

18. Ehrenfest DMD, Rasmusson L, Albrektsson T. Classification V et al. Consensus statement on intra-articular injections
of platelet concentrates: from pure platelet-rich of platelet-rich plasma for the management of knee
plasma (P-PRP) to leucocyte- and platelet-rich fibrin osteoarthritis. Ann Rheum Dis. 2020;79(Supl 79).
(L-PRF). Trends Biotechnol. 2009;27(3):158-67. 25. Ministério da Saude (BR). Portaria de Consolidagao N° 5,
https://doi.org/10.1016/j.tibtech.2008.11.009 de 28 de setembro de 2017.Consolidacdo das normas

19. Dhurat R, Sukesh M. Principles and methods of sobre as acdes e os servicos de salide do Sistema Unico
preparation of platelet-rich plasma: a review and author’s de Salde. 2017 [acesso 20 set 2020]. Disponivel em:
perspective. J Cutan Aesthet Surg. 2014;7(4):189-97. http://bvsms.saude.gov.br/bvs/saudelegis/gm/2017/
https://doi.org/10.4103/0974-2077.150734 prc0005_03_10_2017.html

Support Sources
This study was carried out by Hospital Sirio-Libanés, in partnership with the Ministry of Health and the Brazilian National Health Sur-
veillance Agency (Anvisa) through the Institutional Development Support Program of the Unified Health System (PROADI-SUS).

Acknowledgment
The authors would like to thank Anvisa’s Blood, Tissue, Cell and Organ Management (GSTCO) team for their support throughout the
preparation of the study.

Author’s Contributions
Pachito DV, Bagattini AM, Riera R - Conception, planning (study design), acquisition, analysis, data interpretation, and writing of the
work. Mendrone Junior A - Conception and planning (study design). All authors approved the final version of the work.

Conflict of Interests
The authors inform that there is no potential conflict of interest with peers and institutions, politicians, or financial in this study.

“Attribution-NonCommercial: CC BY-NC” License. With this license you may access, download, copy, print, share, reuse

@ @ @ and distribute the articles, provided that for non-commercial use and with the citation of the source, conferring the
proper credits of authorship and mention to Visa em Debate. In such cases, no permission is required by the authors

or publishers.

http://www.visaemdebate.incgs.fiocruz.br/ Vigil. sanit. debate 2021;9(2):48-58 | 58



