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ABSTRACT

Introduction: Inadequate mixing during the blood collection process might affect the quality of platelet concentrates 
(PCs). Currently, two different mixing methods are used during whole blood collection: manual mixing and mixing 
using an automated blood collection mixer. However, the cost between manual and automated blood collection 
mixer differed largely and pose a dilemma for a blood transfusion service. The objective of this study was to evaluate 
PCs quality using either manual mixing or automated procedure. Methods: This was a cross-sectional study conduct-
ed at the Advanced Medical and Dental Institute, Universiti Sains Malaysia. Thirty eligible participants aged 20 to 45 
were included in this study, and a unit of 450 mL whole blood was collected from each participant. Fifteen units of 
whole blood were mixed by an automated blood collection mixer and the other 15 units were mixed using the man-
ual mixing. All PCs were produced from platelet-rich plasma and stored at 20–24°C for 5 days. Quality parameters 
such as platelet count, leucocyte count, and pH were measured for each PCs on day 1 and day 5. Results: Platelet 
count on day 1 was significantly higher than on day 5 (p = 0.01) for both mixing methods. There was no statistically 
significant difference in any of the PCs quality parameters between the two types of mixing methods at either day 1 
or day 5 of storage (p > 0.05). Conclusion: Comparable PCs quality is achieved from both manual mixing and auto-
mated procedures. 
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INTRODUCTION

Platelet transfusion is either performed as therapeutic in 
bleeding cases or as prophylaxis in thrombocytopenia 
(1).  Generally, platelet concentrates (PCs) are prepared 
from the whole blood collection or apheresis technique. 
Hence, one of the factors that affect PCs quality is the 
preparation method that includes blood collection. 
For whole-blood derived platelet, through mixing of 
collected blood with the anticoagulant is important as 
uneven mixing may result in decreased quality of PCs 
(2-4). Procedure for mixing of blood during whole blood 
collection can be achieved by two different methods: 
manual mixing and mixing using an automated blood 
collection mixer. 

Besides mixing of blood during collection, the 
development of blood collection mixer has automated 
some steps in the blood-collection process such as pre-
setting of the desired blood volume collected and blood 
flow speed. A previous study in 1997 had shown that 

manual and automated mixing procedures produced 
equal quality in all the blood component namely red 
blood cell concentrates, PCs and plasma unit (5). Since 
then, the feature of blood collection mixer has improved 
over time and even though there was a study about the 
evaluation of automated blood collection mixers done 
in 2006, however till now there is no recent study that 
addresses the quality performance of an automated 
blood mixer (6). Furthermore, the cost of blood mixer 
is more as compared to manual mixing and thus poses 
a dilemma in a blood transfusion service.  Therefore, 
this study aimed to evaluate the quality of PCs that 
were collected using either a manual mixing method or 
automated blood collection mixer.  The quality criteria 
of the PCs that were assessed in this study were platelet 
count per unit, leucocyte count and pH level as per 
recommendation from the National Blood Centre (NBC) 
of Malaysia (2).

MATERIALS AND METHODS

This was a cross-sectional study that involved whole 
blood collection between May and June 2017 from 
healthy donors at Transfusion Medicine Unit, Advanced 
Diagnostic Laboratory (ADL), Medical and Dental 
Institute, Universiti Sains Malaysia. A total of 30 units of 
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whole blood (11 units of blood group O, 9 units of blood 
group A, 9 units of blood group B, and 1 unit of blood 
group AB) were collected from 21 male donors and 9 
female donors, and subsequently PCs were obtained  
from platelet-rich plasma (PRP) method.

Subject recruitment
A total of 450 ± 45 mL blood was collected from 
eligible blood donors using a convenience sampling 
method, where the subjects were selected based on 
their availability and convenient accessibility at ADL. 
Informed consent was obtained from all blood donors. 
The donor was informed clearly that their PCs would 
be used for research purposes and not for transfusion. 
Other blood components, such as red blood cells (RBCs) 
and fresh frozen plasma (FFP) would be used for patient 
transfusion. Baseline platelet count was measured using 
Sysmex KX-21 device (Kobe, Japan). This study was 
approved by the Research Ethics Committee (Human) of 
Universiti Sains Malaysia (JEPeM).

Mixing of blood during collection 
The donors were randomised in terms of blood mixing 
methods during the blood collection process. For manual 
mixing, the blood bag was hung upside down on the 
TERUMO® blood collection scale (Tokyo, Japan) to 
allow the inflowing blood to mix with the anticoagulant 
immediately upon entering the blood bag. The bag was 
turned upside down every 30 to 45 seconds during 
donation. The donation was completed once the bag 
contained 450 mL of blood.

When the automated blood collection mixer (Bag 
mixer BIO33; Bioelettronica, Milan, Italy) was used, the 
desired volume of 450 mL was set, and the blood bag 
was placed on the oscillating plate. All the total whole 
blood collection time was less than 12 minutes.

Platelet preparation from whole blood
PCs were prepared using the PRP method. A unit of whole 
blood was centrifuged (Rotixa 50 RS, Hettich, Germany) 
at a soft spin (1,000 g/2013 rpm for 9 minutes at 22°C) 
to obtain red blood cells and PRP components. The 
centrifuged bag was then placed carefully in a plasma 
extractor, and the PRP was slowly expressed into an 
attached bag. The platelets in the PRP were sedimented 
to the bottom of the transfer bag by a hard spin (3,000 
g/3,486 rpm for 20 minutes at 22°C). The supernatant 
platelet-poor plasma was removed into an attached 
transfer bag, leaving 50-70ml of plasma containing 
the platelet pellet. The platelet bag was left stationary 
at room temperature for 1–2 hours before being stored 
in platelet agitator with continuous agitation (Helmer 
Scientific, Noblesville, United States of America) at 20–
24°C for 5 days. 

Quality assessment of PCs
About 5 mL of each sample was taken from the PCs bag 
tubing on day 1 and day 5 of storage. Platelet count and 

total white blood cell (WBC) count were measured using 
a full blood count analyser (Sysmex KX-21). The platelet 
and leucocyte count was then calculated as described 
below (7). For pH level, it was measured using a pH 
meter (Methrohm 827 pH lab, Herisau, Switzerland). 
The acceptance quality parameter is shown in Table I 
according to the criteria set by NBC (2).

Volume determination
Volume of PCs (mL) was calculated as follows:
= Weight of full PCs bag (g) – Weight of empty PCs bag (g)
                  Specific gravity of PCs (1.03)

Determination of platelet count per bag
Platelet count in each PCs bag was calculated as follows: 
Platelet count per µL x 103 x volume of PCs x 106 (µL)

Leucocyte count per bag
Leucocyte count in each PCs bag was calculated as 
follows:
White blood cell count per µL x 103 x volume of PC x 
106 (µL)

Statistical analysis
Data were entered and analysed using Statistical Package 
for Social Sciences software version 22 (IBM Corp., 
Armonk, United States of America). Data were reported 
as median with interquartile range (IQR) and were 
analysed using the Mann-Whitney test and Wilcoxon 
Signed Rank test. A p-value of < 0.05 was considered 
statistically significant.

Table I: Quality parameters and the requirement

Parameters Requirement

Volume 50-70 mL

Platelet count >60 x 109 cell per unit

Leucocyte count < 0.2 x 109 cell per unit

pH >6.4

RESULTS

The baseline platelet count for all blood donors in this 
study ranged from 195 to 400 x 109/L, with median 
platelet count of 274.5 x 109/L.

Table II shows that the median for platelet count on day 
1 was significantly higher than median on day 5 (p = 
0.001) for both mixing methods. However, no statistically 
significant differences in median values between day 1 
and day 5 were detected for leucocyte count or pH (p 
> 0.05). Besides, no statistically significant differences 
between the two mixing methods were detected for all 
quality parameters measured on day 1 and day 5 (p > 
0.05).

Table III shows the percentage difference of PCs quality 
parameters in blood collected using two mixing methods 
on day 1 and day 5 of storage. Platelet count on day 
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of blood mixing methods. This finding was supported 
by the previous study which also reported that the 
quality of PCs collected using automated procedure 
was comparable to that of PCs collected using a 
manual procedure (5). In addition, an automated 
blood collection mixer offers several benefits over 
manual mixing, such as the ability to mix the blood 
with anticoagulant in the primary bag consistently and 
continuously, measurement of the donor’s blood flow 
rate, recording of the blood collection duration, stopping 
blood collection automatically by clamping the blood 
bag tubing when the blood bag reaches the desired pre-
set volume thus preventing too much blood from being 
collected, less requirement for human intervention, and 
a standardised blood collection process (6). Hence, the 
use of automated collection mixers might reduce the 
work burden at blood collection centres and solve issues 
related to the shortage of manpower. In comparison, the 
manual mixing method requires the collected blood to 
be mixed with the anticoagulant manually by turning 
the collection bag upside down every 30 to 45 seconds 
throughout the entire donation process (2). Thus, the 
manual procedure may cause variation in the mixing 
process and will be inconvenient if numerous donors 
are present at the blood collection centre in one time.

Nevertheless, the automated machine is large and bulky, 
difficult to transport, and requires an electrical power 
supply or battery charging. Furthermore, the cost of 
an automated blood collection mixer is approximately 
five times higher than the manual scale (5). Therefore, 
obligatory to have an automated blood collection mixer 
in the blood bank institutes is very subjective especially 
if budget constraint is an issue.

Changes in PCs quality over five days of storage 
This study had shown that there was non-compliance 
with platelet count (lesser than 60 x 109 cell per 
unit). Furthermore, this study also found that platelet 
count significantly decreased from day 1 to day 5 for 
both types of mixing methods. Similarly, a study by 
Hussein reported that there was a 61.3% reduction in 
platelet concentration in PRP-PCs from day 1 to day 
5 (9). However, another study reported no statistically 
significant decrease in platelet count throughout the 
storage period of 5 days (10). 

Suboptimal processing and/or storage have been 
determined as one of the causes of platelet count 
deterioration during 5 days of storage (9). During 
prolonged storage, there will be changes namely platelet 
storage lesion, which is defined by changes in platelet 
physiological property, viability and functional loses 
(11). Nevertheless, there was no strong association 
between platelet storage duration and clinical outcomes 
such as morbidity and mortality (12).

As most PCs are prepared from PRP method, the 
two-phase centrifugation during platelet component 

Table II: Platelet concentrates quality parameters in blood collected 
using two mixing methods

Parameter Manual 
collection 
method
Median (IQR)

Automated col-
lection mixer 
method 
Median (IQR)

p-value**

Platelet count
(x 109 cell per 
unit)

Day 1 54.34 
(42.98; 67.31)

56.63 
(39.85; 64.21)

0.443

Day 5

p-value*

51.81 
(39.85; 64.21)

0.001†

55.63
(44.52; 60.80)

0.001‡

0.494

Leucocyte count
 (x 109 cell per 
unit)

Day 1 0.03
(0.02; 0.04)

0.03
(0.02; 0.04)

0.801

Day 5

p-value*

0.03
(0.02; 0.04)

0.446†

0.03
(0.03; 0.04)

0.108‡

0.814

pH Day 1 7.50
(7.40; 7.52)

7.47
(7.43; 7.56)

0.480

Day 5

p-value*

7.44
(7.43; 7.56)

0.670†

7.50
(7.42; 7.57)

0.851‡

0.492

* Wilcoxon Signed Ranks test
** Mann-Whitney test
†Comparison within manual collection method group (Day 1 and Day 5)
‡Comparison within automated collection method group (Day 1 and Day 5)

Table III: Quality parameters different of platelet concentrates col-
lected from manual and automated blood collection mixer 

Parameter Percentage difference between two 
methods (%)

Day 1 Day 5

Platelet count 4.7 1.8

Leucocyte count 0.0 0.0

pH 0.8 0.4

1 showed the greatest difference. Zero difference was 
detected for leucocyte count between the two types of 
mixing methods. For pH, only a slightly different of less 
than 1% was observed between the two mixing methods 
on day 1 and day 5.

DISCUSSION

Platelet plays an important role in haemostasis and 
thrombosis. There has been steadily increased in PCs 
demands over the years. As such, quality assessment 
of PCs is a crucial step to evaluate in vitro functional 
viability of platelet and predict post-transfusion platelet 
survival and platelet function in vivo. Currently, all 
platelet products are stored at 20-24°C with a shelf life 
of five days from the date of collection (2, 8).

Comparison of PCs quality collected using two different 
mixing methods 
In the present study, no difference in PCs quality 
parameters as measured by platelet count, leucocyte 
count, and pH were detected between the two types 
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preparation may affect the activation markers on the 
platelet surface membrane and subsequently causes 
irreversible deterioration of platelet morphology and 
function (10). Furthermore, the manner of agitation 
during storage had been shown to affect the platelet 
membrane and the number of polymorphonuclear 
leucocytes in PCs, which subsequently will lead to 
platelet count deterioration during storage (13).

In contrast to platelet count, both leucocyte count and 
pH met the compliance criteria set by NBC. Furthermore, 
there was also no statistically significant changes in these 
parameters were detected from day 1 to day 5 of storage 
for either type of mixing method. The presence of a high 
number of leucocytes in PCs may affect the quality of 
PCs by the increase in glucose consumption, lactic acid 
production, and the amount of lactate dehydrogenase 
released, which in turn leads to a significant drop in 
pH (14). Furthermore, passenger leucocytes that have 
been transfused during platelet transfusion have the 
potential to cause adverse transfusion reactions such 
as alloimmunisation to human leucocyte antigens, 
febrile non-haemolytic transfusion reaction, platelet 
refractoriness, transfusion-related acute lung injury, 
cytomegalovirus transmission, and immune modulation 
in the recipient (15). Therefore, WBC count in PCs 
is maintained at < 0.2 x 109 cell per unit to prevent 
deterioration of PCs quality (2, 16). Most previous 
studies only measured leucocyte count on day 0 or day 
1 but not on day 5. Those studies reported that a very 
small amount of WBC contamination was detected in 
fresh PCs (17-19). However, in a recent study, there was 
a significant decreased in WBC count from day 0 to day 
5 of platelet storage (20).

Apart from that, pH change in PCs is also caused by 
metabolic alteration during storage. Prolonged storage 
causes mitochondria damage and is reflected by loss 
of respiratory activity and decreased cellular adenosine 
triphosphate (ATP) level. The loss of ATP results in 
anaerobic metabolism, which subsequently produces a 
high level of lactic acid and further leads to a decrease 
in pH (21). At pH level of < 6.8, there will be a lesion 
associated with disc-to-sphere transformation. Platelet 
metabolism ceases completely when the pH value drops 
below 6.0 (22). 

CONCLUSION

This study showed that platelet count decreases with 
storage. However, the quality of PCs collected using the 
manual mixing method and automated mixing method 
was comparable. Hence, choosing the best mixing 
method during blood collection process should be 
based on method efficiency and cost-effectiveness.
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