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Preparation of Platelet-Rich Plasma: National IADVL PRP Taskforce

Recommendations

Abstract

The goal of these recommendations is to provide a framework to practitioners for implementing
useful, evidence-based recommendations for the preparation of platelet-rich plasma (PRP) in
various dermatological indications. The Indian Association of Dermatologists, Venereologists and
Leprologists (IADVL) assigned the task of preparing these recommendations to its task force
on PRP. A comprehensive literature search was done in the English language on the preparation
of PRP across multiple databases. The grade of evidence and strength of recommendation was
evaluated on the GRADE framework (Grading of Recommendation, Assessment, Development
and Evaluation). A draft of clinical recommendations was developed on the best available
evidence which was also scrutinized and critically evaluated by the IADVL Academy of
Dermatology. Based on the inputs received, this final consensus statement was prepared. A total
of 45 articles (meta-analyses, prospective and retrospective studies, reviews [including chapters
in books], and case series) were critically evaluated and the evidence thus gathered was used in
the preparation of these recommendations. This expert group recommends the use of double-spin
manual method for the preparation of PRP. The recommended parameters for centrifuge are
100-300 g for 5-10 min for the first spin and 400-700 g for 10—17 min for the second spin. The
recommended platelet concentration in PRP for the treatment of various dermatological conditions
is 1-1.5 million platelets/uL. The activation of PRP is not required when it is injected into soft

tissues.

Keywords: Centrifuge, guidelines, platelet-rich plasma, preparation, PRP kits, RCF,
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Introduction

Platelet-rich plasma (PRP) has made
a steady transition from the fields
of hematology, dentistry, and sports
medicine into dermatology, aesthetics,

and trichology. And even though a wealth
of data are being reported, published,
and accumulated, there exists a dearth
of reproducible data. This transcends
into indications of use, methods of
administration, dosage to be delivered,
expected outcomes, follow-up sessions,
and even methods of preparation. Apart
from a couple of review articles, there
is a lack of consensus on standardizing
preparation based selectively on the
platelet biophysiology and the indication
of use. Through this paper, we aim to
delineate a preparation protocol based
on data analysis of the existing scientific
literature and a consensus of expert peers.
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Scope of recommendations

There is a lack of standardization of
preparation of PRP in the medical
literature. The current reporting of the
methodology of PRP preparation and the
composition of the final PRP product is
inconsistent and insufficient for comparison
between studies.!.” The goal of these
recommendations is to provide a framework
to practitioners for implementing useful,
evidence-based recommendations for the
preparation of PRP and its use in various
dermatological indications.

Methodology of Preparation of
Recommendations

A comprehensive literature search was done
in the English language on the preparation
of PRP across multiple databases
(PubMed, Embase, Medline, Google
Scholar, and Cochrane). Medical Subject
Headings (MeSH) items were added to the

How to cite this article: Dashore S, Chouhan K,
Nanda S, Sharma A. Preparation of platelet-rich plasma:
National IADVL PRP taskforce recommendations.
Indian Dermatol Online J 2021;12:S12-23.

Received: 29-Apr-2021. Revised: 06-Jun-2021.
Accepted: 08-Jun-2021. Published: 25-Nov-2021.

Shuken Dashore,
Kavish Chouhan',
Soni Nanda?,
Aseem Sharma?®

Dr Dashore’s DHL Centre, Vijay
Nagar, Indore, Madhya Pradesh,
!Consultant Dermatologist

and Hair Transplant Surgeon,
DERMACLINIX, E13

Defence Colony, *Consultant
Dermatologist, Shine and Smile
Clinic, Mayur Vihar, Delhi,
’Dermatology Department,
Lokmanya Tilak Municipal
Medical College and General
Hospital, Sion, Mumbai,
Maharashtra, India

Address for correspondence:
Dr. Shuken Dashore,

Dr Dashore’s DHL Centre,

Vijay Nagar, Indore - 452 010,
Madhya Pradesh, India.

E-mail: shukenadashore@gmail.
com

Access this article online

Website: www.idoj.in

DOI: 10.4103/idoj.idoj_269_21
Quick Response Code:

© 2021 Indian Dermatology Online Journal | Published by Wolters Kluwer - Medknow



Dashore, et al.: Preparation of platelet-rich plasma

search like “PRP” “Preparation,” “Recommendations,”
“Method,” “Double spin,” “Centrifuge,” ‘“Platelet
concentrate,” “RPM,” “Ideal platelet concentration,”
“Activation,” and “Number of spins.” The grade of
evidence and strength of recommendation were evaluated
on the GRADE framework (Grading of Recommendation,
Assessment, Development and Evaluation).”) The GRADE
framework was chosen for these recommendations as it
allows the strength of recommendation to be practice-based
and relatively independent of the quality of evidence. The
quality of evidence and strength of recommendation were
graded as shown in Table 1.7

A draft was prepared which was then sent for review to
the members of the IADVL task force for PRP, appointed
by the IADVL Academy of Dermatology. It was also sent
to the IADVL Academy members for critical comments.
Based on the inputs, the final consensus statement
was prepared. A total of 45 articles (meta-analyses,
prospective and retrospective studies, reviews, chapters
in books, and case series) were critically evaluated and
the evidence thus gathered was used in the preparation of
these recommendations. The recommendations have the
following points.
A. Preparation of PRP

a. Open method

b. Closed method
B. Facets of PRP preparation
Blood draw
b. Number of spins
c. Anticoagulant
d. Ideal centrifugation parameters

®

Table 1: GRADE Framework consisting of four grades
of quality of evidence and two grades of strength of
recommendation
GRADE Framework
A. Quality of evidence

High quality Well performed randomized control trials or
clear evidence from multiple well-conducted
observational studies showing very large effect

Moderate Randomized control trials with essential

quality limitations

Low quality Observational studies or controlled trial with
severe limitations

Very low Non-systematic observations, biologic reasoning,

quality or observational studies with severe limitations

B. Strength of recommendation

Strong A strong recommendation was given when
benefits distinctly outweighed the risks for nearly
all patients. As practitioners, most patients must
receive this course of action

Weak A weak recommendation was given when risks

and benefits were more closely balanced or were
uncertain. As practitioners, patients must be
explained about all the different options, and an
option suitable for patient needs must be chosen

e. Centrifuge characteristics—temperature control
f. Activation of PRP
g. Types of centrifuges
C. Mathematics in relation to PRP preparation
a. Basic formulas
Volume of blood to be drawn
Platelet purity vs. platelet yield
RPM vs. relative centrifugal force (RCF).

po o

Preparation of PRP

There are numerous methods of PRP preparation. However,
all of them primarily involve differential centrifugation.!
There are two primary methods of PRP preparation:

1. Open technique: This method involves the open
preparation of PRP. The blood encounters the
environment in the working area. Pipettes and tubes
are sterilized separately and used in the process of
preparation of PRP.

2. Closed technique: This method involves the use of
commercial devices or kits. Here the blood or the PRP
is not exposed to the environment during the process of
preparation of PRP.

Open method

The double-spin open method of preparation of PRP has
been shown in Figure 1. The first spin sediments the
heavier Red blood cells (RBCs). The liquid supernatant
is transferred to another tube and centrifuged again. The
second spin is a higher RPM spin which pellets the platelets
and the remaining cells. The top two-thirds of the cell-free
supernatant after the second spin is discarded and the cell
pellets are resuspended in a smaller volume of plasma.

The double-spin open method is the preferred method of
preparation for dermatologic needs due to its low cost, good
platelet yield, and versatile volume of PRP production.

(Quality of Evidence: High; Strength of recommendation:
Strong)

The position of supernatant transfer after the first spin
determines the type of PRP produced. For the preparation
of pure PRP (P-PRP), only the supernatant along with the

Blood is drawn via venepuncture and collected in sterile tubes containing anticoagulants.

Blood s centrifuged using low RPM "soft" spin.

The RBCs are seen to be sedimented on the bottom. The supernatant plasma is transferred using a sterile pipette or a
syringe to another sterile tube (without anticoagulant).

The second tube is centrifuged at a higher RPM (Hard Spin). This spin leads to sedimentation of all cells which are
predominantly platelets.

Platelet pellet is seen at the bottom of the tube and overlying Platelet-poor plasma (PPP). Upper 2/3rd of the PPP is
removed.

The platelet pellet is gently resuspended in the lower 1/3rd of plasma. This suspension is PRP.

Figure 1: Step by step method of preparation of PRP using the double-spin
open method
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top buffy coat is transferred to the second sterile tube for the
second spin. Similarly, to prepare leukocyte-rich PRP (L-PRP),
we need to transfer the complete supernatant along with the
entire buffy coat and some RBCs to the second sterile tube.

Different equipment can be utilized to prepare PRP when
using the open method. Conical bottom plastic tubes are
commonly used to prepare PRP, Figure 2. These tubes
are cost-effective and can be sterilized using ethylene
oxide (ETO). These tubes can be used for both the first and
second spin. Another method to prepare PRP is with the
help of a 9 mL acid citrate dextrose-A (ACD-A) vacutainer,
Figure 3. This vacutainer is used only for the first spin.
There are some concerns about the vacutainers being sterile
but not pyrogen or endotoxin-free as they are designed
for diagnostic purposes and not for therapeutic purposes.
Newhall et all! tested vacutainers for the presence of
endotoxin and found that some of the sodium heparin
plastic vacutainers tested positive for endotoxin. They did
not find any endotoxin in the glass tubes containing the
same anticoagulant. These findings are corroborated by
Aziz et al" Hence, glass vacutainers must be preferred
over plastic vacutainers for the preparation of PRP.

Another criticism of PRP produced using the open method
is the risk of contamination of PRP. This can be minimized
by preparing the PRP using all aseptic precautions with
preparation preferably done under laminar airflow. A face
mask, sterile disposable gloves, and a sterile gown are a
must for the physician preparing the PRP as handling of
blood products to prevent infection. PRP has been found
to have strong antimicrobial activity. Drago et al.®! and Li
et al.”! found a strong antimicrobial activity of PRP against
methicillin-resistant Staphylococcus aureus (MRSA) and
Group A Streptococci. Both these studies have used pure
PRP and not L-PRP hence leukocytes did not play a role in
the bactericidal activity of PRP.

Double spin is the standard method of the preparation of
PRP as confirmed by various studies and the American
Association of Blood Banks technical manual.®*!”
Single-spin method is not preferred as it leads to a lower
platelet yield of 53% as measured by Harrison et a/.l'"

Fukaya et al'” suggested an innovative and economical
method for the preparation of PRP—the syringe-only
method. They recommend a simple modification of a 5 mL
syringe that allows its insertion into the centrifuge. The
syringe is inserted piston down into the centrifuge. After
separation, the supernatant is transferred to a different
syringe using a 3-way canula for the second spin. The
advantage of this method is that it is a closed method where
the blood product remains inside commonly available
medical disposables like 3-way canula and syringes, which
are even approved for intravenous injections [Figure 4].

Another innovative method described in the literature
is the turn-down turn-up method to prepare PRP. This

Figure 2: Shows a screw top plastic tube which needs to be individually
sterilized using ethylene oxide (ETO)

method needs only one 10 mL syringe and two vacutainers,
preferably 8.5 mL. It is a double-spin method where
vacutainers are placed in an inverted position for the first
spin and the correct position for the second spin. This
method has the drawback of having a high hematocrit
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Figure 3: Shows yellow top tube (vacutainer with ACD-A anticoagulant)

or RBC-containing PRP. Machado et al.l'¥ were able to
produce a 4.17-folds increase in platelet concentration in
their PRP using this method [Figure 5].

Closed preparation systems

Closed systems, as mentioned earlier, do not expose the
platelets to the external environment after the process
of blood collection. This system involves the use of a
commercial kit paired mostly with a complementary
centrifuge machine. And while most of these kits are
marketed with Food and Drug Administration (FDA)
‘labels,” it would be pertinent to understand that these
approvals are simply for device safety (510 [k] approval)
and not for efficacy. Magalon et al. (2016)!'4 attempted to
classify and compare these kits with ‘homemade’ PRP (PRP
prepared using an open system). The classification takes

the following parameters into account: Dose of injected
platelets (yield), efficiency or recovery of platelets during
the process, purity of platelets, and activation. The dose of
platelets injected was the total number of platelets in the
final PRP produced (concentration of platelets x volume
of PRP) measured in billion platelets. The efficiency of
platelet recovery was calculated as a percentage of original
platelets that were recovered in the final PRP product. The
purity of platelets measured the contamination of platelets
by other cell types. It measured the percentage of cells that
were platelets out of all the cells in the PRP and finally if
the PRP was activated or not. The classification then gives
ranks to the different methods of preparation of PRP from
A to D, A being the best. An interesting observation that
comes from this classification is that methods that have a
higher dose of platelet, do not produce a pure PRP. This
indicates that the purity of PRP may be inversely related
to the number of platelets captured. The only system that
has received an A rank in the dose of platelets (more than
5 billion platelets injected) is the Magellan system®. But
the same system has received a C or D rank in the purity
of platelets (only 30-70% of cells in PRP are platelets).
Homemade PRP has received the next highest score average
on the classification. Although the score is the same as the
Arthrex system®, the dose of injected platelets was higher
in homemade PRP. Double-spin open system (homemade
in the classification) may be the recommended method of
preparation of PRP which has received good scores on all
parameters, is easy to prepare, and is cost-effective.

The most commonly used commercial kits involve the use
of three basic methods—the narrow neck tube method, the
gel separator method, or the automated cell separators.

The narrow-neck tube method uses a special tube that
has four parts—an extended top, a constricted center
(or the narrow neck), an expanded bottom, and a turn
screw. Typically, the buffy coat is a very thin layer and
hence challenging to pick up. The narrow neck elongates
the buffy coat and makes it quite easy to pick up.
Numerous advantages of this technique are that it requires
only a single spin and a study by Harrison et al.'! found
a 2.5-folds increase in the platelet count using this kit.
Gupta et al.l™ compared the double-spin manual method
to Dr. PRP kit and found better amplification by the
manual method which was 4.8-folds vs. Dr. PRP™ kit
(narrow neck tube) which provided 2.8-folds keeping all
other parameters constant.

One of the most commonly available commercial kits for
the preparation of PRP utilizes the gel separation technique.
These kits contain 1-2 mL of a thixotropic polymer gel in
the blood collection tube. The gel has a specific gravity
lower than RBC and White Blood Cells (WBC) but more
than the platelets. On centrifugation, the gel settles between
the plasma containing platelets and all other components
below. These kits are easy to use and prepare almost a pure
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Supernatant
containing

Upper 2/3rd PPP N

platelets in |
plasma

are loaded in the centrifuge piston down. (c) RBC layer settles to the bottom of the syringe that is toward the piston. D. The supernatant is transferred to

a different syringe using a 3-way canula

Figure 5: Shows the turn-down turn-up method of preparation of PRP. (a) Vacutainer is placed in the centrifuge top down. (b) RBC sediment toward the
rubber stopper, extracted with 10 cc syringe. (c) Vacutainer is placed in a regular fashion in the centrifuge for the second spin. (d) PRP prepared

PRP which can be ideal for the face and other cosmetic
areas. However, there exists a controversy associated with
the platelet counts produced by many of these kits. Many
studies have shown low platelet concentration with the PRP
produced using these kits. Mazzucco et al.'® compared
four different methods of preparation of PRP and found a
significantly lower platelet concentration as well as lower
growth factor concentration in the gel separation kits when
compared to the other methods. Franka Klatte-Shulz and
colleagues compared platelet preparations by different
methods and their effect on growth factor release.'”? They
found that gel separator tubes did not increase platelet count
but decreased it by 30% accompanied by a lower growth
factor release. Arshdeep et al.'™ used PRP prepared by
the gel separator method in male patients of androgenetic
alopecia and found no significant hair growth in their
study. A possible reason for this lower platelet count with
gel separator methods may be due to the specific gravity
of thixotropic gel. Karpatkin et al."! described two density
populations of platelets. Lighter small platelets with a
specific gravity less than 1.046 and large heavy platelets
with a specific gravity more than 1.055. Smaller platelets
are generally older platelets which are less metabolically
active and the larger platelets are younger platelets that are
more metabolically active. The specific gravity of WBC is
1.050, and the specific gravity of the gel is less than that
of the WBCs. After centrifugation, the gel lies above the

WBC layer or the buffy coat layer and the heavier platelets
(specific gravity 1.055) are trapped even below the WBC
layer. These platelets are not captured in the PRP. However,
if PRP produced using gel separator tubes indeed contains
smaller platelets only then the mean platelet volume (MPV)
of platelets in PRP must be lower than MPV for whole
blood, a point confirmed by a study by Berndt et al.*” They
found MPV of PRP to be 8.2 FL as compared to 8.7 FL for
whole blood indicating a preferential separation of smaller
platelets in PRP. Harrison et al.'V also performed aliquot
testing for platelet concentration in single-spin methods
and found most of the platelets in the buffy coat, and upper
RBC layer indicating that some of the platelets definitely
have a slightly higher density and hence are trapped in the
buffy coat layer.

Gkini et al. were able to produce 5.8 fold amplification
of platelet concentration in their PRP produced using
gel separator kits but they did so by modifying the
manufacturer's instructions and performing a second spin
on the plasma collected over the gel.?! Doing so would
void FDA approval of the kit.

Automated cell separators—another technology available
commercially which are fully automatic, closed systems.
These machines can give PRP in the required volume.
They usually have a high RBC contamination, as high as
9.8%?! in Magellan system™, and they can be expensive.
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A schematic representation of different methods of

preparation of PRP is shown in Figure 6.

Facets of PRP Preparation

There are different facets of PRP preparation which are a
source of confusion to dermatologists. Although the jury is
still out on most of these factors, these recommendations
are an attempt to provide a framework based on the current
evidence.

Blood draw

A wide bore needle must be used when drawing blood for
preparing PRP, preferably 21G or larger.

(Quality of evidence: High; Strength of recommendation:
Strong)

Mani et al.® in their study compared 21G needle and
21G butterfly cannula for the blood draw and did not find
any evidence of platelet activation on either side in 25
volunteers. Lippi et al* found a higher d-dimer level
(sign of platelet activation) and a lower platelet count
with the needles with smaller gauges of 23G and 25G.
Although the difference was minimal, the results were still
statistically significant. Hence, a needle of size 21G or
more must be used to draw blood when preparing PRP. The
time of blood draw is also an important parameter. In their
experiment, Miron ef al.®! found that the size of PRF clot
produced reduces by 23% if the time from blood draw to
the start of centrifugation exceeds 120 s.

Number of spins

The double-spin method is the recommended method of
preparation of PRP. (Quality of evidence: High; Strength of
recommendation: Strong)

The American Association Blood Bank Technical Manual
recommends the preparation of PRP by the double-spin
method.'” Tamimi et al* found that the double-spin
method was able to achieve a higher average platelet
concentration in their PRP as compared to the single-spin
method. Harrison et al.l''! compared six different single-spin
methods of preparation of PRP. Manual methods and
commercial kits, both were included in the study. They
found that out of all the single-spin methods only one
method was able to reach the ideal platelet concentration
of 1 million platelets/uL. Franka Klatte-Schulz et al.l' in
their study observed that one of the commercial single-spin
kits for the preparation of PRP actually had a 30% lower
platelet concentration as compared to whole blood. This
decrease in platelet count goes against the definition of PRP
which is a plasma product with a platelet concentration that
is higher than whole blood. Mazzucco et al.'® compared
four common methods of preparation of PRP and found
that the single-spin method had significantly lower platelet
concentration and growth factor concentration as compared
to double-spin methods. One of the commercial single-spin

kits was used for the treatment of androgenetic alopecia
and the authors found no significant increase in the hair
density or hair count.'¥! This indicates that the double-spin
method should be the recommended method of preparation
of PRP.

Anticoagulant

Acid citrate dextrose (ACD-A) is the
anticoagulant for the preparation of PRP.

preferred

(Quality of evidence: High; Strength of recommendation:
Low)

Choosing the right anticoagulant is a critical step
in the preparation of PRP. Acid citrate dextrose-A
(ACD-A, trisodium citrate (TSC) (3.8 or 3.2%), citrate
phosphate dextrose adenine (CPDA), heparin, and EDTA
are the common anticoagulants used for numerous purposes
of preparation of blood components. ACD-A has a lower pH
and lower extracellular calcium ion concentration than TSC.
This environment allows for more reliable prevention of
platelet aggregation. The anticoagulant, CPDA was found
to be 10% less effective at maintaining platelet viability as
compared to ACD-A.?" EDTA was also found to damage
the platelet membrane and hence not advisable for use in
PRP preparation.®! Lei et al.?® compared various aspects of
anticoagulants used in the preparation of PRP. They found
ACD-A to be superior to TSC and heparin in maintaining
platelet membrane integrity and preventing inadvertent
activation of platelets during centrifugation. On activation,
PRP produced using ACD-A, released significantly more
Transforming growth factor betal (TGF -B1) and produced
a more enhanced proliferation of human marrow stromal
cells as compared to heparin and TSC. do Amaral et al.
observed a conflicting result in their study, which found
TSC to be the superior anticoagulant in terms of platelet
survival and platelet membrane integrity.*® They also
found a higher TGF-f1 release from PRP produced
using TSC as compared to ACD-A. Mussbacher et al.P!
performed a study to assess the degree of platelet activation
after storage of blood in different anticoagulants for
30 min. No increase in PF4 concentration was seen when
citrate-theophylline-adenosine-dipyridamole (CTAD) and
ACD-A were used as anticoagulants, indicating no platelet
activation. Sodium citrate did not show any increase in PF4
concentration only when the blood was stored at 4°C. This
finding indicates a slight superiority of ACD-A over sodium
citrate in preventing platelet activation. These conflicting
results have led to the low strength of recommendation.
However, all studies found both ACD-A and TSC as
acceptable anticoagulants for the preparation of PRP.

Ideal centrifuge parameters

Recommended parameters for centrifuge are 100-300 g
for 5-10 min for the first spin and 400-750 g for
10-17 min for the second spin (3.5 —10 mL blood per
tube).
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Blood is taken in vials with
anticoagulant

After the first spin RBC settle
down

Plasma containing platelets are
transferred to sterile tubes

=)

- -

Platelets are resuspended
in lower 1/3 plasma to
prepare PRP

A 2 4

Upper 2/3 platelet poor
plasma is discarded

Y

A 4

After the second spin all the
cells settle down in a pellet

Narrow neck tube Narrow neck tube After single spin, RBC

filled with blood settle down. This buffy

m and anticoagulant coat is difficult to pick
up

=

:

—
A4

Blood is drawn in
vacutainer

Vacutainer with 1-2 ml

thixotropic gel

—»;—Dt—b —)

—

The screw at the bottom is
rotated and this lifts up
buffy coat to the narrow

After single spin, gel
separates the RBC
layer and platelet
containing plasma

— [ =~

\\ 4

The narrow neck
elongates the buffy coat
and makes it easy to pick

neck up

Needle is inserted from
the top and buffy coat is
directly picked up

Figure 6: (a) Schematic representation of double-spin open method of preparation of PRP is shown (b) Schematic representation of narrow neck tube
method of PRP preparation available in different types of commercial kits. (c) Schematic representation of gel separator tube method of preparation of

PRP available as commercial kit

(Quality of evidence: Medium; Strength of recommendation:
Low)

Several studies have described the optimum protocol for
the preparation of PRP. Each study reaches its unique
conclusion depending on variables like the number of
spins, the volume of blood taken, the RCF used, and the

S18

time for centrifugation. It is difficult to conclude the ideal
centrifugation parameters from these studies. Various
studies have shown the ideal parameters for the preparation
of PRP. The studies that performed the double-spin
method, kept the volume of blood draw less than 60 mL,
and reported their parameters in RCF were evaluated.?3!
The blood volume drawn ranged from 3.5 mL to 10 mL.
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The parameters for the first spin ranged from 100 to 300 g
for 5-10 min, with a higher RCF spun for a lesser time
and a lower RCF for a longer time. For the second spin, it
ranged from 400 to 750 g for 10—15 min.***3% A critical
point to note here is that increasing RCF beyond a certain
limit might lead to activation of platelets and premature
release of growth factors.**! Perez er al.’® in their study
observed the highest platelet yield at 100 g for 10 min for
the first spin and 400 g for 10 min for the second spin.
They found signs of platelet activation at RCF of 800 g
or more (increased sP selectin levels). This indicates that
there might be spontaneous activation of platelets at higher
RCFs and lower RCFs and longer time durations of spin
are preferred than vice-versa.

Ideal platelet concentration

dermatological conditions

of PRP for wuse in

The recommended platelet concentration in PRP for
treatment of various dermatological conditions is 1-1.5
million platelets/uL.

(Quality of evidence: Low; Strength of recommendation:
Strong)

Like any medicine, PRP works in a specific therapeutic
range. The increased concentration of platelets is associated
with a higher concentration of growth factors.*” Sundman
et al™ in their study found a significantly higher
concentration of TGF-Bl and Dose Efficiency Purity
Activation (DEPA) classification was seen in the PRP
produced by the kit that amplified platelet count by
4.69-folds vs. a 1.99-fold kit. This result indicates a
dose-dependent relationship  between growth factor
concentration and platelet concentration in PRP. In an
in vivo animal study, bone regeneration was seen with
platelet concentration ranging from 0.95 to 1.7 million
platelets/uL.*! Klatte-Schulz et all'7 in their study on
the effect of PRP on a culture of tenocytes found that the
growth and survival of tenocytes and expression of type I
collagen did not correlate with growth factor concentration
linearly. However, higher platelet concentration was
associated with higher growth and survival of tenocytes.
Giusti et al™ found a dose-dependent proliferation of
human-cultured umbilical vein endothelial cells (HUVECsS)
which peaked at 1.5 million/uL platelet concentration
and cell proliferation was impaired at a higher platelet
concentration. At 72 h post-incubation, HUVEC
proliferation followed a bell-shaped distribution with the
zone of highest proliferation lying between 1 million and 2
million and it fell precipitously below 1 million and above
2 million. The Dose Efficiency Purity Activation (DEPA)
classification gives an ‘A’ rating to a dose of platelets more
than 5 billion platelets. This is ideal as according to the
definition of PRP—1 million platelets per uL is the same
as 1 billion platelets per mL. When produced in 5 mL
volume, it is 5 billion total platelets. However, if the same
volume of platelets were concentrated in 1 mL volume, the

concentration would be 5 million/ul (50 lakhs) and this
would not be optimal.

Xiao et al* studied the effect of PRP on cultured human
hair dermal papilla (DP) cells and found 1.3 million/uL
platelets in PRP to be the ideal concentration for DP cell
proliferation. A higher concentration of platelets in PRP
was found to be inhibitory in all the above studies. Low
quality of evidence was given due to a lack of a direct
study of hair growth and density compared with different
concentrations of platelets in PRP.

Centrifuge characteristics—Temperature control during
centrifugation

Temperature-controlled centrifuges may allow an enhanced
platelet survival and recovery; however, they may not be
necessary for the preparation of PRP.

(Quality of evidence: Low; Strength of recommendation: Low)

There have been conflicting reports regarding the effect
of temperature on platelets. The American Association of
Blood Banks Technical Manual advises not to chill the
blood below 20°C before the start of PRP preparation.!”
An old study published in 1968 evaluated the effect of
heat on platelets and found that platelets exposed to 42°C
for 15 min showed no functional changes in the platelets.
Exposure to temperatures above 42°C and for a longer
duration led to irreversible damage to platelets.*) Another
study by Maurer-Spurej et al.* confirmed this result. They
also found no change in platelet structure or morphology at
37 and 42°C. Surprisingly, they found a change in platelet
morphology and signs of activation of platelets (spherical
shape of platelets in place of resting discoid shape) when
they were incubated at 22°C. Faraday and Rosenfeld showed
an increase in P-selectin expression (a sign of platelet
activation) and enhanced aggregation when activated
by thrombin or collagen at 22°C as opposed to 37°C.H
Michelson et al.*7 showed contradictory findings to this.
They reported hemostatic failure and impaired platelet
activation after hypothermic exposure to platelets during
extracorporeal cooling of blood during cardiopulmonary
bypass surgery. A study by Amable ef al.’? showed high
platelet concentration in PRP, and high growth factor
concentration (post-activation) in PRP produced using a
temperature-controlled centrifuge. In comparison, Fukaya
et all' used a regular, non-temperature-controlled
centrifuge (KOKUSAN H-19a. centrifuge) and produced a
PRP with high platelet concentration and high growth factor
concentration (post-activation). These conflicting results
indicate that further randomized controlled trials need to be
performed to conclude the need for a temperature-controlled
centrifuge for the preparation of PRP.

Activation of PRP

Activation of PRP is not required when it is injected into
soft tissues.
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(Quality of evidence: Medium; Strength of recommendation:
Strong)

Activation of PRP  primarily refers to two
processes—Release of Growth Factors (GFs) from
platelets following degranulation and cleavage of
fibrinogen to form the matrix. This process turns liquid
plasma into a solid clot or a membrane.¥ A study by
Cavallo et al. compared the growth factor release from
the platelets by different activators like thrombin, calcium
chloride, a combination of thrombin and calcium chloride,
and collagen type 1.¥¥1 They found the slowest activation
with collagen type I. Sudden activation leads to the
dumping of all the Growth Factors (GFs) immediately,
which may not be ideal. When PRP is used for treatment
of hard tissues like bone fractures, activation of PRP is
a must.'*”! But, when PRP is injected into a soft tissue,
it does not need to be activated as the natural collagen
type 1 acts as a natural activator.’® When PRP is injected
into a soft tissue, it does not need to be activated as
the natural collagen type I acts as a natural activator.5"
Gentile et al.P compared the results of activated and
non-activated PRP in its use in androgenetic alopecia.
They found a more significant increase in hair count and
hair density with non-activated PRP than with activated
PRP. An identical PRP preparation device was used in
both cases. This result indicates that PRP need not be
activated when used for androgenetic alopecia and any
other indication where PRP is injected in the dermis.

Type of centrifuge

A microprocessor-controlled centrifuge with a brushless
motor and swing-out rotor is ideal for the preparation of
PRP.

(Quality of evidence: Low; Strength of recommendation:
Strong)

The centrifuges which only have a dial on them without
a digital display must not be used for PRP preparation
as we may not be able to set the required RPM. Also,
these centrifuges are designed for laboratory use and
have an electrical motor. The RPM may change if the
voltage in the electrical line fluctuates. A centrifuge with
a brushless motor is better than a carbon brush motor
as the brushes deteriorate after some time and start
damaging the armature of the motor. A brushless motor
has a much longer life and requires less maintenance.
The centrifuge machine must have an electronic display
of RPM for accurate measurement. A swing-out rotor of
the centrifuge allows a greater difference of centrifugal
force between the top of the tube and the bottom of the
tube allowing better separation of the cells. A fixed-angle
centrifuge first pushes the cells on the back of the tube
and then they are smeared to the back wall of the tube
which may lead to their activation and damage as shown
in Figures 7 and 8.

Mathematics in relation to PRP

Certain basic concepts of mathematics and physics are
relevant to the preparation of PRP. These concepts will
help us better understand the steps of the preparation of an
ideal PRP.

Basic formulas

1. Platelet yield or Efficiency of PRP production or platelet
recovery efficiency = ([Volume of PRP produced]
x [Concentration of Platelets in PRP])/([Volume of
whole blood drawn] X [Concentration of platelets in
whole blood]).l"

2. Dose of platelets = (Volume of PRP produced)
x (Concentration of platelets in PRP)!'

3. Platelet concentration amplification
factor = Concentration of platelets in PRP/Concentration
of PRP in whole blood.

We know that no process can have 100% efficiency.
However, when deciding to choose a process, we must
calculate the platelet yield for that process and choose
a method with a high platelet yield. Even though a PRP
method may boast of a high platelet concentration, if it
is produced in a small volume, it may not be adequate
to cover the entire treatment area. Similarly, if the PRP
is produced in adequate volume but the concentration is
not high, it will not provide the required growth factor
concentration to reach the desired result.

The volume of whole blood that needs to be drawn

When producing PRP with the open or manual method,
the volume of blood drawn can be varied depending on the
volume of PRP required. The basic rule of physics states
that if we reduce the volume of blood or plasma by half,
we can maximally increase the concentration of platelets
by a maximum of two folds (assuming 100% platelet
recovery and platelets being indivisible). We know that
platelet recovery cannot be 100%. Various studies give an
average range of 50-80%.1'*! So, to produce 5 mL PRP with
at least 5-folds amplification of platelet concentration and
assuming 80% platelet yield, we need to draw a minimum
of 31.25 mL of blood. In the study by Dhurat et al.,/ they
produce a similar yield by taking 36 mL of blood.

Uniform
platelet pellet

Smeared
platelet
pellet

y

Figure 7: Diagrammatic representation of smearing of cells on the back
wall of the tube in a fixed-angle centrifuge
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Platelet yield versus Purity of PRP

Magalon et al.' in their study, compared different methods
of PRP preparations on their platelet yields, purity of PRP,
and dose of platelets. They found that none of the methods
reached the A rank (highest rank) in all three categories.
They found that methods that prepare high platelet yields
were not pure and methods that prepare pure PRP often
have poor yield. The reason behind this may be because
of a different population of platelets as described by
Karpatkin et al'' This population of heavier platelets
may get trapped in the upper RBC layer and hence their

T Chengdu Put
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™

retrieval may be difficult if purity is required. This may
be a limitation of the differential centrifugation method of
preparation of PRP.

Centrifuge characteristics—RPM versus RCF

RCF is the correct method of scientific communication
as this parameter is the same irrespective of the type
of centrifuge used to prepare the PRP. This is because
different centrifuges have different sizes or different
radii of rotors. This means that they produce different
forces or different sedimentation rates even at the same
RPM.

RCF is the centrifugal force produced by a centrifuge and
is measured in the multiples of earth’s gravity or the “g
force” or “g’s.” The formulas to convert RCF value to
RPM and vice versa are given in Figure 9. Here, a critical
point to note is the radius of the centrifuge. Three different
radii can be measured—the minimum radius (R-min),
the average radius (R-average), and the maximum
radius (R-max), Figure 10. The R-min is the distance
from the axis of rotation of the centrifuge to the top of the
tube. R-average is the distance from the axis of rotation
to the center of gravity of the blood column. R-max is
the distance from the axis of rotation to the end of the
tube. Different authors use different radii to calculate their
RCF and hence when emulating their settings, we must
be careful to use the same radius. A prominent study by
Choukroun et al.’ on the preparation of PRF uses R-min
to calculate RCF in their research while Miron ef a/.** in
their study to prepare I-PRF used R-max. The international
standard for RCF is R-max, and it should be used when
not specified.

Another important factor to be kept in mind while using
a reference to standardize the PRP preparation is that
along with using the same RCF, the tube length and
diameter must also be the same. If we use a longer tube
than the one described in the reference material, the top
of the tube is closer to the center of the centrifuge and is
acted on by a lower force and hence produces different
results.

RCF = (RPM )?1.118x1075xR

CF
Rx11.18

RPM

x1000

* RCF — Relative centrifugal force
* RPM — Revolutions per minute
* R- Radius of centrifuge (cm)

Figure 8: Shows smearing of cells on the back wall of the tube in a
fixed-angle centrifuge

Figure 9: Shows the formulas to convert RCF to RPM and the reverse.
Radius is measured in cm
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R min — Radius from centre
to the top of the sample tube

R average — Radius from axis
to the centre of the blood

: R min . : :)

|

P R average |

rd " column
|
™ R max | R max — Radius from centre
= to end of the tube

Axis of
Rotation

Figure 10: Shows the three different radii that can be measured in a
swing-bucket type rotor centrifuge—R-min, R-average, R-max

Conclusion

The science behind the preparation of PRP is still in its
infancy. We are far from producing the ‘ideal”’ PRP and
using this autologous biological product to its fullest
potential. There are multiple pitfalls that one must avoid
while preparing PRP. It is critical for the dermatologists
to be aware of the different facets of PRP preparation to
ensure that they deliver the best therapeutic result to their
patients.
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