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Introduction
Platelet‑rich plasma (PRP) is increasingly 
becoming popular as a therapeutic option 
for various dermatological and aesthetic 
indications. There is no standard method of 
PRP preparation, and several protocols have 
been described in the literature with varying 
platelet yield. PRP can be prepared either 
manually or using an automated device. 
Though more convenient to use and quicker 
as compared to manual methods, automated 
devices are also more expensive. Comparative 
studies between different methods or devices 
of PRP preparation are relatively few in the 
dermatology literature.[1,2] In this study, we 
compared the composition of PRP prepared 
using a manual double‑spin method and a 
commercially available automated device.

Methods
This was a cross‑sectional comparative study 
conducted in the department of dermatology 
and venereology of All India Institute 
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Abstract
Background: In the absence of a standard protocol, several methods and devices have been used 
for preparing platelet‑rich plasma (PRP) with varying platelet concentrations. Methods: Venous 
blood sample from 20 patients was used for preparing PRP using two methods: a manual double‑spin 
method (1st spin at 160 g × 10 min, 2nd spin at 400 g × 10 min), and using a commercially 
available automated device (DrPRP‑Kit, REMI Laboratory Instruments). Platelet, erythrocyte, 
and total leukocyte counts were calculated for each PRP sample and compared. Results: Platelet 
count in the PRP prepared with the manual double‑spin method (PRPm, 12.51 ± 5.89 × 105/μL) 
as well as with the automated device (PRPa, 7.25 ± 4.74 × 105/μL) had significantly higher mean 
platelet count than whole blood (2.58 ± 0.81 × 105/μL, P < 0.001). The mean platelet count in 
PRPm was statistically significantly higher than PRPa (P < 0.001). The platelet capture efficiency of 
the manual method (mean 47.11%, median 41.75%) was statistically significantly higher than that 
of the automated device (mean 31.89%, 29.51%, P = 0.012). Platelet counts in both PRPs were 
variable, but the counts were more dispersed in PRPa (coefficient of variation 65%) as compared 
to PRPm (coefficient of variation 47%). Conclusion: The manual double‑spin method had a higher 
platelet capture efficiency resulting in a higher platelet concentration as compared to the automated 
device. Though there was a significant interindividual variation in the platelet yield in the PRPs 
produced by both methods, results were more consistent with the manual method.
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of Medical Sciences, New Delhi, India 
between May 2017 and August 2017 after 
approval from the institute ethics committee. 
All patients gave written informed consent 
for participation in the study. Blood samples 
were collected from 20 consecutive patients 
scheduled for treatment with PRP for 
various dermatological indications. Whole 
venous blood (45 mL) was drawn from 
each patient under strict aseptic precautions 
using a 22G needle attached to a 20 mL 
syringe: 5 mL as control and about 20 mL 
each for PRP preparation with the manual 
double‑spin method and an automated 
device. The research personnel preparing 
PRP for a particular method remained the 
same for all samples.

PRP preparation using manual 
double-spin method
Whole venous blood (20 mL) in three 9 
mL sterile tubes prefilled with 2 mL acid 
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citrate dextrose solution (VACUETTE TUBE, Greiner 
Bio‑One, Austria) was centrifuged in a standard laboratory 
centrifuge (Heraeus Multifuge X1R centrifuge, Thermo 
Scientific) at 20°C. The first spin was done for 10 min 
at 160 g (about 923 rpm, as per standard conversion 
g = (1.118 × 10−5) R × S2, where “g” is the relative centrifugal 
force, R is the radius of the rotor in centimeters, and S is 
the speed of the centrifuge in revolutions per minute). The 
resulting supernatant plasma was transferred into a sterile 
conical bottom tube without anticoagulant (Tarsons PS 15 
mL centrifuge tube), which was then centrifuged for 10 min 
at 400 g (about 1460 rpm).[3] The upper 2/3rd cell‑poor 
plasma supernatant was removed and the platelet pellet was 
suspended in the lower 1/3rd (about 2 mL) of plasma by 
gently shaking the tube.

PRP preparation using automated device
Whole venous blood (18 mL) was mixed with 2 mL of 
acid citrate dextrose solution in the commercially available 
PRP kit (DrPRP‑Kit, REMI Laboratory Instruments) and 
was centrifuged in the automated centrifuge (REMI PRP 
Plus Centrifuge, REMI Laboratory Instruments) at 20°C as 
per manufacturer’s instructions (first spin at 2700 rpm for 
men/2600 rpm for women for 12 min, followed by second 
spin at 3200 rpm for 7 min). The supernatant cell‑poor 
plasma was removed to leave behind about 2 mL of 
PRP [Figure 1].

Estimation of cell counts
Cell counts were estimated using an automated 
analyzer (COULTER LH750, Beckman Coulter) in whole 
venous blood, as well as PRP prepared using the two 
methods, after 5–10 min of PRP preparation to allow time 
for uniform dispersion of platelets in the plasma from the 
pellet.

Statistical analysis
Categorical variables are expressed as frequency and 
continuous variables as mean (standard deviation, median, 
and range). Platelet enrichment was calculated as per the 
formula: (platelet count in PRP—platelet count in whole 
blood/platelet count in whole blood) × 100, and was 
expressed as a percentage (%). Platelet concentration was 
taken as the ratio of platelet count in PRP to platelet count 
in whole blood. Platelet capture efficiency was calculated 
as: (PRP volume × platelet count in PRP)/(whole blood 
volume × platelet count in whole blood) × 100, and was 
expressed in percentage (%). Correlation of platelet count 
in PRP with whole blood was tested using the Spearman’s 
correlation coefficient (r). The coefficient of variation (CV) 
was used as the measure of dispersion of the platelet 
counts in the PRPs, and was calculated as the ratio of the 
standard deviation to the mean platelet count. Wilcoxon 
signed‑rank test was used to compare the cell counts, 
platelet enrichment, and platelet concentration between the 

paired PRP samples and whole blood. P value ≤0.05 was 
considered to be statistically significant. Statistical analysis 
was done using Stata version 14.0 (StataCorp, College 
Station, TX, U.S.A.).

Results
There were 12 males and 8 females with a mean age of 
25.11 ± 5.12 years (range 19–40 years). Ten patients 
had alopecia areata, nine had androgenetic alopecia, and 
one had lepromatous leprosy with a nonhealing ulcer 
on foot. The platelet count, erythrocyte count, and total 
leukocyte count in whole blood, PRP prepared using the 
manual double‑spin method (PRPm) and the automated 
DrPRP‑Kit (PRPa) are summarized in Table 1.

The mean platelet count in PRPm (12.51 ± 5.89, 
median 12.18 × 105/μL) and PRPa (7.25 ± 4.74, 
median 6.27 × 105/μL) was higher than that in whole 
blood (2.58 ± 0.81, median 2.38 × 105/μL), and the 
difference was statistically significant for both (P < 0.001). 
The mean platelet count in PRPm was statistically 

Figure 1: Preparation of platelet-rich plasma using automated device. 
(a) venous blood (18 ml) and ACD-A solution (2 mL) is collected in 
DrPRP-Kit, (b) separation of plasma and buffy coat from RBCs after 
1st centrifugation, (c) height of the separated interface is adjusted to include 
plasma, buffy coat, and superficial layer of RBCs in the upper chamber of the 
kit by pushing the adjusting knob (arrow) upwards, and 2nd centrifugation 
is performed, (d) platelet-poor plasma is removed and the platelet pellet is 
mixed in about 2 mL of plasma in a sterile tube
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significantly higher than PRPa (P < 0.001). The median 
platelet enrichment achieved by the manual method (317%) 
was statistically significantly higher than that attained by the 
automated device (165%; P < 0.001). Similarly, the median 
platelet concentration was higher in PRPm (4.17 times, 
range 0.99–8.29 times, interquartile range [IQR] 
3.58–6.37 times) as compared to PRPa (2.65 times, range 
0.39–5.42 times, IQR 1.19–4.5 times). The mean platelet 
capture efficiency of the manual method (47.11 ± 18.4%, 
median 41.75%) was statistically significantly higher 
than that of the automated device (31.89 ± 17.9%, 
median 29.51%, P = 0.012) [Figure 2]. Platelet count 
in PRPm correlated well with platelet count in whole 
blood (r = 0.74, P < 0.001), while there was no significant 
correlation between the platelet count in PRPa and whole 
blood (r = 0.30, P = 0.194). Platelet count in both the 
PRPs was variable, but the variability was more with the 
automated device (CV = 65.32%) than with the manual 
method (CV = 47.13%).

The mean leukocyte count in PRPm 
(1.23 ± 1.05 × 103/μL) was statistically significantly 
lower than in PRPa (7.27 ± 6.90 × 103/μL, P < 0.001) 
and in whole blood (7.94 ± 3.09 × 103/μL, P < 0.001), 
while it was comparable between whole blood and 
PRPa (P = 0.687). The mean erythrocyte count in 
both the PRPs (PRPm 0.045 ± 0.03 × 106/μL, PRPa 
0.308 ± 0.33 × 106/μL) was significantly lower than whole 

blood (4.58 ± 0.89 × 106/μL; P < 0.001 for both). Of the 
two PRPs, PRPm had a significantly lower mean erythrocyte 
count than in PRPa (P = 0.002).

Discussion
The therapeutic efficacy of a PRP preparation is largely 
determined by its platelet concentration. Physicians, 
therefore, should be aware that different PRP preparation 

Table 1: Platelet, erythrocyte, and total leucocyte counts in whole blood and the two PRPs
Whole blood PRPm PRPa

Platelet count (×105/µL)
Mean±SD
Range
Percentile
p25
p50
p75

2.58±0.811
1.06‑4.51

2.01
2.38
3.05

12.512±5.897
1.98‑22.12

8.23
12.18
18.21

7.254±4.738
1.06‑15.62

3.16
6.27
11.15

Erythrocyte count (×106/µL)
Mean±SD
Range
Percentile
p25
p50
p75

4.581±0.886
2.1‑5.74

3.97
4.96
5.19

0.045±0.0315
0‑0.12
0.02
0.04
0.06

0.308±0.331
0‑1.06
0.05
0.14
0.59

Total leucocyte count (×103/µL)
Mean±SD
Range
Percentile
p25
p50
p75

7.94±3.094
4.6‑19.3

5.65
7.85
8.75

1.23±1.046
0.2‑4.6

0.6
0.8
1.7

7.27±6.904
0.2‑19.2

1
5.5
11.9

PRPa: Platelet‑rich plasma prepared using automated method; PRPm: Platelet‑rich plasma prepared using manual double‑spin method; p25, 
25th percentile; p75, 75th percentile

Figure 2: Box and whisker plot showing the platelet capture efficiency of 
the two PRP preparation methods (PRPa, platelet-rich plasma prepared 
using automated method; PRPm, platelet-rich plasma prepared using the 
manual double-spin method)
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protocols can result in different platelet concentrations, 
which can translate into a difference in clinical response. 
We found the platelet concentration in PRPs produced 
by the manual double‑spin method (PRPm) as well as the 
commercially available FDA‑approved DrPRP‑Kit (PRPa) 
to be statistically significantly higher than the baseline 
whole blood value, however, the platelet yield was 
significantly more in PRPm. Platelet count in PRPm 
crossed the proposed therapeutically optimum threshold 
of 10 × 105/μL[4] more often than in PRPa (n = 11/20 vs 
5/20, P = 0.053). However, Mazzucco et al. suggested that 
a platelet count greater than 2 × 105/μL may be sufficient 
for therapeutic effect, and this criterion was met by both 
PRPm as well as PRPa.

[5] Barring a single outlier value in 
one sample (platelet count: whole blood 2 × 105/μL, PRPm 
1.98 × 105/μL; platelet concentration 0.99 times), manual 
double‑spin method in our study produced a 3–8 (median 
4.17)‑fold rise in the platelet counts from the whole blood 
counts, which is similar to the 4–7 times increase reported 
by Gonshor et al.[3] In contrast, DrPRP‑Kit concentrated 
the platelets by 0.39–5.4 (median 2.65) times and would 
be considered a low‑yield device.[2] Platelet enrichment 
achieved by the manual method was 317%, which is 
comparable to 352% reported by Tamimi et al.[6] using 
the same centrifugation parameters but much less than the 
713% obtained by Gonshor et al.[3] Clearly, apart from the 
centrifugation parameters (such as centrifugation speed, 
number of spins), there are other procedural variables as 
well such as volume and method of drawing blood, size 
of collecting container, and choice of anticoagulants which 
can affect the platelet yield. Castillo et al.[7] compared 
three different commercial PRP preparation systems, with 
different starting whole blood volumes (18–55 mL) but 
resulting in comparable volumes of PRP (6–7.5 mL), and 
found no statistically significant difference in the platelet 
counts in the PRPs. This was because of the difference in 
platelet capture efficiency of the three systems; the system 
which started with lower blood volume had higher platelet 
capture efficiency. For similar reasons, the efficiency of 
platelet capture might be a more accurate comparative 
measure than the platelet count in our study as well, though 
the difference in the starting blood volume was relatively 
small (18 vs 20 mL) between the two methods. We found 
the platelet capture efficiency of the manual double‑spin 
method (median 42%) to be statistically significantly 
higher than that of the automated device used in our study 
(median 30%). If known beforehand, the platelet capture 
efficiency of a PRP protocol can be useful in determining 
the starting volume of whole blood to produce a requisite 
PRP volume with the desired platelet count.

We observed a wide inter‑subject variability in the platelet 
concentrations in both PRPm (CV 47%) and PRPa (CV 65%), 
but the results were more consistent in PRPm. Previous 
studies have also reported a considerable inter‑subject 
as well as intra‑subject variation in the PRP platelet 

counts.[8,9] Tamimi et al. reported a mean platelet count of 
6.30 ± 2.69 × 105/μL translating into a CV of 42.7% using 
the same manual double‑spin centrifugation parameters 
as ours.[6] Physiological differences between individuals 
such as hematocrit variability and size of platelets may 
explain such inter‑individual variability in the platelet yield. 
Another recent study reported an intra‑individual variation 
of 19.7% (range 0.5–56.3%) in the platelet counts obtained 
by the same method on four different occasions 15 days 
apart as part of a therapeutic study.[10]

PRPm had a much lower concentration of leukocytes than 
baseline whole blood values, in contrast to PRPa, which 
had a comparable leukocyte count as whole blood. This 
is probably a result of including the leukocyte‑rich buffy 
coat for the second spin in the automated kit. The “buffy 
coat” protocol (supernatant along with the entire buffy 
coat is collected) is known to produce leukocyte rich 
PRP, as opposed to the “PRP” protocol (supernatant and 
only the superficial portion of the buffy coat is collected) 
which gives rise to pure PRP.[1,2] The biological role of 
leukocytes in PRP is as yet unclear. Some authorities 
believe that leukocytes exert a negative effect by virtue 
of their inflammatory properties.[11] Contrarily, leukocytes 
have antimicrobial properties and are known to increase 
the growth factor levels.[10‑14] Orthopedic literature suggests 
that the significance of leukocytes in PRP may vary with 
its indication. However, the clinical relevance of leukocytes 
in PRP for dermatological indications warrants further 
investigation.

Our study was limited by relatively small sample size. We 
did not study the viability or ultrastructure of platelets, and 
growth factors concentrations in the PRPs. The therapeutic 
relevance of differing platelet counts in PRP merits further 
evaluation.

To conclude, our study highlights the differences in the 
PRPs prepared using two methods. There was a notable 
inter‑individual variation in the platelet yield achieved 
by a given technique. Dermatologists should be aware of 
these variabilities while analyzing PRP‑related literature 
or choosing the technique of PRP preparation for their 
patients.
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