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Background - The impact of pathogen reduction technology (PRT) on 
metabolic and hemostatic profile of treated platelets remains a subject of 
debate. Platelets Additive Solutions (PASs) are suggested as more appropriate 
storage medium compared to plasma. To investigate this in terms of zero 
heterogeneity PRT-treated and control apheresis platelet concentrates (PCs), 
collected from the same donors and stored in PAS and plasma respectively, 
were analyzed.
Materials and methods - In the first arm of the study six double dose-apheresis 
PCs were produced, split and stored in plasma, while in the second arm six 
split double dose-apheresis PCs from the same donors, were produced and 
stored in PAS. Control and PRT-treated PCs resulted in both arms. Metabolic 
and hemostatic markers were evaluated in all the examined groups on days 
1, 3 and 5.
Results - A time dependent increased metabolism both in PAS and plasma-
stored PCs was evident in PRT-treated PCs. However, the metabolic profile 
was better preserved in PCs stored in PAS, as higher pH (6.8 vs 6.5, p=0.007) 
and lower lactate levels (12.6 vs 17.8 mmol/L, p=0.009) were documented in 
PRT-treated PAS-PCs compared to plasma-PCs, on day 5. A time dependent 
decreased hemostatic capacity regardless the storage medium was evident 
in PRT-treated PCs, (PAS-PCs MCF, p=0.004 and plasma-PCs MCF, p=0.007). 
Similar results were obtained in control PCs.
Discussion - The use of PAS preserves the metabolic profile of PCs more 
adequately compared to plasma but has no effect on the hemostatic profile. 
The clinical relevance of these findings needs further investigation.

Keywords: Mirasol-treated apheresis platelets, ROTEM, pathogen reduction technology, 
storage medium.
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INTRODUCTION
The development of pathogen reduction technologies (PRTs) is a well-recognized practice 
in transfusion medicine. The main benefit of their use is minimizing the risk of pathogen 
transmission via transfusion. This is achieved by using UV-light along with a photosensitive 
agent a combination that prevents the replication of pathogens in platelet concentrates 
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(PCs). Treatment causes chemical modifications in 
DNA and changes in molecular structure, affecting 
both pathogens and white blood cells in the product1-6. 
Nowadays, the two most prevalent PRT systems use 
either psoralen along with UVA light [Intercept, (Cerus 
Corporation,Concord,CA, USA)] or ribof lavin along 
with broad spectrum UVB light [Mirasol, (Terumo BCT, 
Lakewood, CO, USA)]7,8. A reasonable concern, based on 
current literature, is that treated platelets are associated 
with significantly reduced post transfusion recovery and 
survival. Nevertheless, they seem to retain sufficient in 
vivo treatment efficacy9. 
It is well established that platelet efficiency decreases 
during storage due to platelet storage lesions (PSL), which 
include activation, morphology changes, surface receptor 
activation, membrane destruction and proteolysis10. 
This natural process seems to be exacerbated with the 
utilization of PRT-treatment, either by accelerating or 
inducing further storage lesions. PRT-treated platelets 
also display increased metabolism patterns, such as 
elevated lactate production and glucose consumption11. 
During storage, platelet metabolism takes place mostly 
through aerobic respiration, for which oxygen is essential. 
As storage time proceeds, aerobic respiration is down 
regulated and anaerobic respiration predominates, 
resulting to elevated concentrations of lactic acid and 
consequently to reduced pH values. It is well documented 
that pH levels below 6.2 can result in irreversible platelet 
damage12. 
The occurrence of PSL is multifactorial and involves the 
collection method, the storage medium and the processing 
techniques. Platelet storage remains a challenge in 
transfusion services with main objective being the 
maintenance of metabolic properties along with minimal 
platelet activation, for a longer time period13,14. Platelet 
additive solutions (PASs) have been developed in an effort 
to store platelets in a medium which would mitigate the 
loss of quality during storage and have lower allergen 
potential than plasma15. PASs possibly retain metabolic 
properties better than plasma, due to the higher buffering 
capacity offered by the platelet storage medium16,17. The 
use of PASs provides acetate, which display dual role 
acting as an extra metabolic fuel and also as a buffer. 
Furthermore, magnesium and potassium, present 
in PASs, are considered to have protective capacities 

regarding platelet aggregation and activation. As a result, 
PAS is proposed as a mean that preserves more adequately 
platelet properties for an extended storage period, when 
PCs in plasma cannot expand their storage period13,14. 
Contradictive reports also exist, where the inferiority 
of PASs is disputed, as no significant differences in PCs 
stored in PAS and in plasma are noted12,18. 
Whereas, the metabolic profile of treated PCs has been 
extensively investigated, in several storage mediums, 
using different PRTs, different collecting techniques 
and for different time periods, the hemostatic ability 
of PRT-treated platelets is a subject in need of further 
research.  Furthermore, the effects of PAS and plasma 
on PSL have not been fully elucidated. In order to attain 
these goals, a pool of shared platelet-donors, previously 
recruited in two different studies19,20 was created. 
In particular, the same donors have donated, at two 
different timepoints, apheresis platelets stored once 
in PAS and once in plasma. A series of measurements 
was conducted, in an attempt to assess the effects of 
the different storage mediums on the functional and 
hemostatic properties of PRT-treated and control 
platelets. In this context, untreated platelets stored in 
T-PAS+ were compared with untreated platelets stored 
in plasma, and treated platelets stored in T-PAS+ were 
compared with treated platelets in plasma.

MATERIALS AND METHODS

Platelet collection and in vitro testing
Initially, six double dose-apheresis PCs were produced, 
split and stored in plasma19.  Afterwards, the same donors 
repeated the donation of six splitted double dose-apheresis 
PCs stored in T-PAS+20. Platelet apheresis was performed 
with Trima collection device (Trima, Accel Terumo BCT, 
Lakewood, CO, USA) while a protocol of platelet yield 
of 6.5×1011 and 40 mL plasma was selected for the first 
group. For the second group, the protocol included the 
collection of 6.5×1011 platelets per bag, suspended in 65% 
mL PAS and 35% mL plasma, along with 35 mL platelet 
poor plasma (PPP) in a separate bag to be used in further 
tests as needed. Apheresis-PCs were collected in the Blood 
Bank Unit of “Attikon” University Hospital, while the same 
operator was responsible for the apheresis procedure 
in all cases. The process duration was within the limits 
suggested by the manufacturers’ instructions. 
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In both studies, platelet units were kept undisturbed 
for two hours at a temperature of 22-24°C to allow 
dissociation of any platelet aggregates, after which they 
were agitated for one hour before being divided into 
two platelet aliquots of roughly the same size. At the 
time of apheresis-platelet collection, the total platelet 
count was determined. Afterwards, one bag was kept as 
a control unit (C) and the other one was merged with a 
ribof lavin kit in low light conditions, in an illumination 
bag. Then, this aliquot was treated with UV light in a 
Mirasol device (M), according to the manufacturers’ 
instructions. The bag was UV-treated while linearly 
agitated at 120 cpm, at a product temperature below 
37°C. The target energy to be delivered was 6.24 J/mL, 
after which the bag was removed. 
Both control and PRT-treated aliquots suspended 
in plasma and respectively in PAS were stored in a 
linear agitator at 20-24°C for five days. On storage 
days 1 (for immediate effects assessment), 3 and 5, 
platelet samples were collected from each bag using 
an aseptic technique. Analysis was completed within 
4 hours after sampling. Testing included platelet 
count determination, pH, pO2, pCO2 (blood gases) 
and metabolism markers such as lactate, glucose, and 
lactate dehydrogenase (LDH). Platelet aggregation 
(LTA aggregometry) and platelet viscoelastic properties 
(ROTEM) were also measured. 
Both studies were approved by the “Attikon” General 
University Hospital’s institutional review board 
(28/01/2020 and 30/07/2021). Before platelet apheresis 
procedure, an informed written consent was obtained. 

Metabolism assays
Platelet counts were performed on a Sysmex XE-2100 
analyzer (Roche, Lincolnshire, IL, USA). Regarding 
PCs samples stored in PAS, blood gas analysis was 
performed by a GEM-Premier 5000 blood gas analyzer 
(Instrumentation Laboratory, Bedford, MA, USA). 
Blood gas analysis of PCs samples stored in plasma was 
undertaken on a Cobas®b123 POC blood gas analyzer 
(Roche Diagnostic Ltd, Rotkreuz, Switzerland). 
Metabolism markers were also assessed by GEM 
Premier 5000 and by Cobas®b123 POC analyzer for 
samples in PAS and plasma respectively. LDH was 
measured by Cobas8000 (Roche, Lincolnshire, IL, 
USA) analyzer in PCs stored both in plasma and PAS.

Platelet aggregation
Blood samples were centrifuged at 200 × g for 10 min 
to obtain platelet rich plasma (PRP). Subsequently, the 
specimen was re-centrifuged at 2,000 × g for 15 min 
to obtain platelet-poor plasma (PPP). Platelet count of 
C and M samples was adjusted between 200×109/L and 
300×109/L with PPP. PPP was used to set a 100% upper 
limit, and platelet rich plasma to set a 0% baseline 
before the addition of the agonist. Aggregation was 
performed by a Biodata-PAP-4 aggregometer (Bio-Data 
Corporation, Horsham, PA, USA). ADP 2.0×10-5 M  
(Bio-Data Corporation) was used as an agonist. The tests 
were conducted as previously reported21. A sample of 
450 μL PRP was transferred into a transparent cuvette 
to be incubated at 37°C for 3 min. Consequently, 50 μL 
of agonist were added and the aggregation pattern was 
allowed to proceed for 10 min.

Rotational thromboelastometry (ROTEM)
ROTEM (Tem Innovations GmbH, Munich, Germany) 
was used in order to evaluate platelet viscoelastic 
properties. Platelet samples C and M were diluted at 1:5 
using fresh donor plasma, and the remaining plasma 
was ultracentrifuged and frozen at −40°C in aliquots in 
order to be used on days 3 and 5. Samples were analyzed, 
according to the manufacturers’ instructions, within 
2h after sample collection and EXTEM test was 
performed22. In EXTEM assay, recombinant tissue 
factor was used to activate the extrinsic coagulation 
pathway. The following parameters were recorded: 1) 
clotting time (CT-sec), 2) clot formation time (CFT-sec) 
along with clot amplitude recorded at 10 mm width 
(A10), and 3) maximum clot firmness (MCF-mm). 
Maximum clot elasticity was calculated using the 
following formula: MCE=(MCF×100)/(100−MCF).

Statistical analysis
The variables were described using median values with 
interquartile ranges (IQR). The two-sample Wilcoxon 
rank-sum (Mann-Whitney) test was used to compare 
parameters between platelets suspended in plasma and 
T-PAS+. Variable values on days 1, 3 and 5 were assessed 
using the Kruskal-Wallis equality-of-populations rank 
test. p<0.05 was considered statistically significant 
for all tests. Stata 16 was used for statistical analyses 
(Stata Corp., College Station, TX, USA).
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RESULTS
The comparison of metabolic variables and hemostatic 
parameters between untreated PCs suspended 
in plasma and T-PAS+ is shown in Table I and II, 
respectively. Regarding the untreated PCs, platelet 

Table I - Metabolic parameters on days 1, 3 and 5 in control platelets 
stored in PAS and plasma

Parameter/Day
Control-median (IQR)

p-value
PAS Plasma

Concentration 
(103/uL), 1

116.0 
(108-126)

127.9
(116.1-132.9) 0.11

Concentration 
(103/uL), 3

115.0 
(108.5-122.5)

123.3 
(120.3-132.9) 0.21

Concentration 
(103/uL), 5

120.5 
(118-120.5)

128.6 
(124.0-131.7) 0.046

p-value 0.85 0.67

pH, 1 7.16 (7.12-7.19) 7.10 (7.10-7.20) 0.52

pH, 3 7.25 (7.24-7.26) 7.25 (7.15-7.30) 0.62

pH, 5 7.25 (7.24-7.27) 7.03 (7.03-7.20) 0.008

p-value 0.009 0.17

pO2 (mmHg), 1 55 (52-72) 34.6 (29.9-74.8) 0.46

pO2 (mmHg), 3 75 (68-108) 39.1 (30.6-47.3) 0.027

pO2 (mmHg), 5 74 (56-86) 51.0 (34.2-86.9) 0.46

p-value 0.40 0.93

pCO2 (mmHg), 1 19 (17-20) 52.8 (38.1-55.5) 0.016

pCO2 (mmHg), 3 12 (11-13) 23.5 (20.1-25.6) 0.014

pCO2 (mmHg), 5 11 (10-12) 21.8 (20.9-22) 0.008

p-value 0.007 0.11

Glucose(mg/dL), 1 100 (95-106) 301 (298-320) 0.009

Glucose(mg/dL), 3 74 (66-83) 267.5 
(234-287.5) 0.014

Glucose(mg/dL), 5 50 (47-51) 222 (184-246) 0.009

p-value 0.002 0.007

Lactate(mmol/L), 1 1.5 (1.4-1.6) 2.8 (1.9-3.0) 0.09

Lactate(mmol/L), 3 5.1 (4.4-5.1) 7.2 (6.8-9.7) 0.013

Lactate(mmol/L), 5 7.1 (6.7-7.1) 12.1 (11.2-12.5) 0.008

p-value 0.001 0.004

LDH(IU/L), 1 53 (40-72) 106 (63-141) 0.17

LDH(IU/L), 3 81 (69-143) 102 (67-118) 0.88

LDH(IU/L), 5 76 (75-88) 120 (93-121) 0.17

p-value 0.18 0.67

p-values in bold stand for statistically significant results (p<0.05). IQR: 
interquartile range; LDH: lactate dehydrogenase.

Table II - Hemostatic parameters on days 1, 3 and 5 in control 
platelets stored in PAS and plasma

Parameter/Day
Control-median (IQR)

p-value
PAS Plasma

LTA ADP (%), 1 22 (9-38) 23 (16-57) 0.60

LTA ADP (%), 3 2 (0-3) 3 (2.5-4.5) 0.25

LTA ADP (%), 5 4 (3-8) 3 (2-3) 0.28

p-value 0.011 0.009

CT EXTEM (sec), 1 78 (71-94) 59 (49-59) 0.11

CT EXTEM (sec), 3 61 (59-78) 63.5 (46.5-72.5) 0.53

CT EXTEM (sec), 5 69 (55-74) 59 (45-61) 0.46

p-value 0.42 0.90

CFT EXTEM (sec), 1 53 (43-60) 45 (45-47) 0.46

CFT EXTEM (sec), 3 55 (53-58) 42 (38-54) 0.14

CFT EXTEM (sec), 5 61 (61-64) 46 (45-58) 0.027

p-value 0.34 0.55

Α10 EXTEM (mm), 1 62 (55-63) 66 (66-67) 0.09

Α10 EXTEM (mm), 3 53 (51-58) 59.5 (57-62) 0.08

Α10 EXTEM (mm), 5 54 (51-55) 52 (52-53) 0.83

p-value 0.10 0.004

MCF EXTEM (mm), 1 66 (58-67) 68 (68-69) 0.07

MCF EXTEM (mm), 3 53 (52-59) 60 (57-63) 0.14

MCF EXTEM (mm), 5 54 (51-56) 52 (52-53) 0.91

p-value 0.041 0.004

MCE EXTEM, 1 198 (138-202) 215 (212-227) 0.07

MCE EXTEM, 3 114 (110-143) 151.5 (133.5-172) 0.14

MCE EXTEM, 5 119 (104-125) 110 (110-115) 0.91

p-value 0.059 0.004

p-values in bold stand for statistically significant results (p<0.05). IQR: 
interquartile range; LTA: light transmission aggregometry; EPI: epinephrine; 
ADP: adenosine diphosphate; CT: clotting time; CFT: clot formation time; A10: 
amplitude 10 min after CT; A20: amplitude 20 min after CT; A30: amplitude 
30 min after CT; MCF: maximum clot firmness; LI60:lysis index at 60 minutes; 
MCE: maximum clot elasticity.

concentration remained stable over time in both 
PAS-PCs and plasma-PCs groups (p=0.85 and p=0.67 
respectively). Similarly, blood gas levels remained 
unchanged over time in both groups, with the exception 
of PCO2 levels in which a time dependent decrease 
was evident in PAS-PCs (p=0.007). On the other hand, 
lactate levels increased over time in both PAS-PCs and  
plasma-PCs (p=0.001 and p=0.004 respectively), while 
glucose levels declined during storage period in both 
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hemostatic profile of untreated-PCs suspended in PAS and 
plasma (Table II), no considerable differences were found 
between the two groups. A time dependent reduction in 
aggregation capacity as evaluated by LTA aggregometry 
with the use of ADP as an agonist was revealed in 
both PAS-PCs and plasma-PCs (p=0.011 and p=0.009 
respectively). Similarly, a time dependent reduction in 
clot firmness as ref lected by MCF in ROTEM analysis was 
evident in both PAS-PCs and plasma-PCs (p=0.041 and 
p=0.004 respectively). 

groups (p=0.002 and p=0.007 respectively). No significant 
difference in LDH values was noted over time in the two 
groups (p=0.18 for PAS-PCs and p=0.67 for plasma-PCs). 
PAS seems to have a key role in preservation of pH levels, 
as PH was higher in PAS-PCs compared to plasma-PCs on 
day 5 (medians: 7.25 vs 7.03, p=0.008). Lactate levels were 
also better preserved in PAS-PCs, as lower lactate levels 
were documented in PAS-PCs compared to plasma-PCs 
on day 3 (medians: 5.1 vs 7.2 mmol/L, p=0.013) and day 5 
(medians: 7.1 vs 12.1 mmol/L, p=0.008). Regarding the 

Table III - Metabolic parameters on days 1, 3 and 5 in Mirasol-treated platelets stored in PAS and plasma

Parameter/Day
Mirasol-median (IQR)

p-value
PAS Plasma

Concentration (103/uL), 1 119 (86.5-119) 112.4 (101-113) 0.91

Concentration (103/uL), 3 115 (109.5-115) 115.5 (107.3-126.5) 0.45

Concentration (103/uL), 5 85.5 (85.5-103) 115 (111.3-121.8) 0.046

p-value 0.61 0.41

pH, 1 7.15 (7.11-7.17) 7.10 (7.10-7.30) 0.82

pH, 3 6.93 (6.87-6.99) 6.95 (6.90-7.01) 0.62

pH, 5 6.80 (6.80-6.87) 6.50 (6.50-6.70) 0.007

p-value 0.003 0.002

pO2 (mmHg), 1 72 (48-72) 49.7 (21.3-63.5) 0.46

pO2 (mmHg), 3 94 (90-104) 41.9 (38.4-55.2) 0.027

pO2 (mmHg), 5 109 (107-123) 56.2 (44.7-110.6) 0.17

p-value 0.18 0.67

pCO2 (mmHg), 1 15 (14-16) 42.3 (27.9-45.9) 0.009

pCO2 (mmHg), 3 12 (10-13) 23.3 (21.9-26.4) 0.013

pCO2 (mmHg), 5 10 (8-11) 17.5 (15-17.8) 0.008

p-value 0.021 0.010

Glucose(mg/dL), 1 88 (84-94) 276 (257-291) 0.009

Glucose(mg/dL), 3 27 (20-31) 216 (195.5-221) 0.014

Glucose(mg/dL), 5 0 (0-0) 118 (93-136) 0.005

p-value 0.002 0.003

Lactate(mmol/L), 1 1.4 (1.3-1.4) 2.4 (1.8-2.5) 0.058

Lactate(mmol/L), 3 8.1 (8.1-10.4) 10.7 (10.5-11.0) 0.14

Lactate(mmol/L), 5 12.6 (12.2-12.9) 17.8 (17.7-18.0) 0.009

p-value 0.003 0.003

LDH(IU/L), 1 44 (36-61) 75 (59-88) 0.29

LDH(IU/L), 3 59 (55-78) 73 (71-129) 0.29

LDH(IU/L), 5 85 (78-290) 116 (103-153) 0.65

p-value 0.09 0.17

p-values in bold stand for statistically significant results (p<0.05). IQR: interquartile range; LDH: lactate dehydrogenase.
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The comparison of metabolic variables and hemostatic 
parameters between treated-PCs suspended in plasma 
and T-PAS+ is shown in Table III and IV, respectively. 
Concentration did not significantly change over time 
in both PAS and plasma PRT-treated platelets (p=0.61 
and p=0.41 respectively). Regarding blood gas levels, 
PCO2 levels exhibited a time dependent reduction 
in both groups (p=0.021 and p=0.010 respectively).  
pH levels decreased over time in both PAS and plasma 
PRT-treated platelets (p=0.003 and p=0.002 respectively), 

Table IV - Hemostatic parameters on days 1, 3 and 5 
in Mirasol-treated platelets stored in PAS and plasma

Parameter/Day
Mirasol-median (IQR)

p-value
PAS Plasma

LTA ADP (%), 1 21 (20-36) 27 (27-47) 0.40

LTA ADP (%), 3 7 (5-8) 19 (13-25.5) 0.10

LTA ADP (%), 5 3 (0-4) 11 (11-13) 0.045

p-value 0.008 0.015

CT EXTEM (sec), 1 77 (69-85) 53 (47-61) 0.07

CT EXTEM (sec), 3 65 (63-77) 65.5 (50.5-68.5) 0.71

CT EXTEM (sec), 5 70 (54-79) 60 (43-70) 0.29

p-value 0.62 0.95

CFT EXTEM (sec), 1 63 (48-84) 49 (47-51) 0.20

CFT EXTEM (sec), 3 69 (58-113) 53.5 (51-64) 0.14

CFT EXTEM (sec), 5 109 (107-1094) 57 (53-57) 0.046

p-value 0.08 0.08

Α10 EXTEM (mm), 1 56 (47-57) 62 (60-63) 0.021

Α10 EXTEM (mm), 3 31 (29-36) 38.5 (33.5-40.5) 0.38

Α10 EXTEM (mm), 5 20 (19-25) 27 (23-31) 0.17

p-value 0.004 0.005

MCF EXTEM (mm), 1 61 (50-61) 66 (64-67) 0.011

MCF EXTEM (mm), 3 35 (30-41) 41 (38.5-42.5) 0.21

MCF EXTEM (mm), 5 20 (19-26) 34 (30-37) 0.11

p-value 0.004 0.007

MCE EXTEM, 1 156 (102-157) 191 (178-200) 0.016

MCE EXTEM, 3 53 (43-70) 70.5 (62.5-75) 0.17

MCE EXTEM, 5 26 (24-35) 52 (43-58) 0.11

p-value 0.004 0.007

p-values in bold stand for statistically significant results (p<0.05). IQR: 
interquartile range; LTA: light transmission aggregometry; EPI: epinephrine; 
ADP: adenosine diphosphate; CT: clotting time; CFT: clot formation time; A10: 
amplitude 10 min after CT; A20: amplitude 20 min after CT; A30: amplitude 
30 min after CT; MCF: maximum clot firmness; LI60:lysis index at 60 minutes; 
MCE: maximum clot elasticity.

Figure 1 - The most critical platelet parameters on days 1, 
3 and 5 in control and Mirasol-treated platelets stored in 
PAS and plasma
PAS: platelet additive solution; ADP: adenosine diphosphate; LTA: 
light transmission aggregometry; MCF: maximum clot firmness.
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however the metabolic profile was better preserved in  
PAS-PCs, as pH levels on the 5th day of storage was higher in  
PAS-PCs compared to plasma-PCs (medians: 6.80 vs 6.50, 
p=0.007). Glucose showed a significant reduction over 
time for both Mirasol-PCs irrespective of the suspension 
medium (p=0.002 for PAS-PCs and p=0.003 for  
plasma-PCs). In Mirasol-PCs stored in PAS, glucose was 
depleted on day 5, whereas in plasma-stored PCs glucose 
levels were better preserved (medians: 0  vs 118 mg/dL, 
p=0.005). Lactate production rose steadily during 
storage for both groups (p=0.003 for both PAS-PCs and  
plasma-PCs). LDH values did not have a considerable change 
during the 5-day storage period for any group (p=0.09 for  
PAS-PCs and p=0.17 for plasma-PCs). Regarding 
the results of the hemostatic parameters (Table IV), 
aggregation capacity (LTA) with ADP as an agonist, 
significantly decreased over time in both groups (p=0.008 
for PAS-PCs and p=0.015 for plasma- PCs), with higher 
aggregation capacity on day 5 for plasma-PCs (medians: 
11 vs 3, p=0.045). Regarding the viscoelastic methods, a 
time-dependent decrease in both treated groups was 
documented for EXTEM-A10 (p=0.004 for PAS-PCs and 
p=0.005 for plasma-PCs), EXTEM-MCF (p=0.004 for  
PAS-PCs and p=0.007 for plasma- PCs), and EXTEM-MCE 
(p=0.004 for PAS-PCs and p=0.007 for plasma- PCs). It is 
noteworthy that increased clot strength was observed in 
plasma PRT-treated platelets as compared to PAS platelets 
on the first storage day (medians: 66 vs 61 mm, p=0.011). 
The levels of the most critical platelet parameters of all PCs 
over time are shown Figure 1. 

DISCUSSION
The time-dependent effect of PRTs on PCs has been 
previously documented in relevant literature, both for 
plasma-PCs and PAS-PCs. In plasma-PCs, PRT enhances 
storage lesions by means of increased metabolism and 
enhanced platelet activation, compared to untreated 
PCs19,23. A time-depended decrease in clot strength and 
in thrombin generation capacity has been also observed 
indicating a probably impaired hemostatic capacity after 
PRT process19. In some studies, the impact of PRTs appears 
even from day 3 of storage11,19,23-26. Thus, a reasonable question 
arises whether the use of another suspension medium can 
preserve the metabolic and hemostatic capacity of treated 
platelets more adequately throughout storage period. 

Indeed, several studies report that the use of PAS retains 
more suf ficiently the metabolic properties of PRT  
treated-PCs and pH values reduce to a smaller extent 
compared to plasma, due to acetate and the higher 
buf fer capacity which is provided by the suspension 
medium. Nevertheless, the hypermetabolic pattern 
still occurs4,15,16,26,27-31. As a result, glucose levels seem to 
be exhausted in a disproportionate manner compared 
to pH levels, indicating that glucose could be a more 
appropriate quality marker regarding a longer than 
the 5-day storage period20,32. The hemostatic profile of  
PRT-PCs, as it is assessed by viscoelastic methods, is also 
af fected compared to untreated-PCs. This observation 
has been made for both plasma and PAS platelets19,20.
To our knowledge there are no available studies 
investigating the ef fect of plasma and PAS on metabolic 
and hemostatic profile of Mirasol-treated PCs, by 
comparing the same platelet donors, thus ensuring 
almost zero heterogeneity. In our plasma versus 
PAS comparative study, we evaluated the metabolic 
and hemostatic profile of both PRT-treated and  
untreated-PCs derived from the same donor, stored in 
PAS and plasma. 
The evaluation of metabolic profile revealed decreased 
pH levels during the 5-days storage period, both in 
treated and control-PCs, in both storage mediums. 
Untreated-PCs in PAS maintained their pH levels more 
ef ficiently compared to untreated-PCs in plasma, as 
they exhibited improved values on day 5 (p=0.008), even 
though on day 3 both PAS and plasma untreated-PCs 
demonstrated identical pH values. Beyond day 3, PAS 
managed to preserve better pH values. On the other 
hand, Mirasol-treatment combined with time, had a 
more profound, time-dependent ef fect on pH values 
regardless the storage medium, but treated-PCs in PAS 
had a significantly less exaggerated pH reduction on 
day 5, as compared to controls. Nevertheless, all units 
conformed to the established standards for the use of 
the product at the end of the 5-day storage period33,34. 
Compared to our study, van Der Meer et al27 reported 
even better maintained values in PAS-PCs. Although 
they observed decreased pH levels in Mirasol-treated 
split-PLT units both in plasma and PAS, they reported 
stable pH levels in control-PCs stored in PAS throughout 
storage. Furthermore, they reported that on day 8 
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of storage, control-PCs in plasma exhibited similar 
pH values with treated-PCs in PAS on the same day, 
indicating a protective role of PAS. 
Regarding lactate levels, we documented better preserved 
values in untreated-PCs stored in PAS compared to 
untreated-PCs stored in plasma, a finding that was 
time-dependent. Even though the baseline was different 
between the two groups and the rate of increase similar, 
it seems that PAS could preserve lower lactate values, 
compared to plasma, from the first day of storage. In 
treated-PCs, a time-dependent increase in lactate values 
was observed in both storage mediums, which was 
significantly higher in plasma PCs on day 5, as compared 
to those suspended in PAS. The milder increase of lactate 
from the beginning of storage, in PAS-PCs both in treated 
and control units, is probably responsible for the better 
maintained pH levels in these groups. 
Glucose levels exhibited a time-dependent and significant 
decrease in untreated-PCs in both storage mediums. 
Moreover, the difference among them was significant 
from the first day of storage and remained significant 
until the last day. Even though the reduction rate was 
significant in both groups, it is of note that on the last 
day of storage, glucose levels in PAS-PCs were extremely 
lower compared to plasma-PCs. PRT had an additional 
impact on glucose levels, resulting in complete exhaustion 
on day 5 on treated-PCs in PAS, but glucose reserves 
were still present on treated-PCs in plasma. Since 
glucose was exhausted, further production of lactate as a  
by-product of aerobic metabolism was halted. Janetzko  
et al.15 suggested a protective role of PAS due to the presence 
of acetate in PAS which counterbalanced the increased 
ATP demand after PRT, resulting in reduced acceleration 
of glucose consumption. This observation was opposite to 
their previous findings23 regarding PCs stored in plasma, 
where glucose consumption and lactate production 
were more profound. Platelets use glucose as their main 
energy source to form ATP. The use of PAS offers an 
additional endogenous fuel, because acetate constitutes 
an extra energy source used for the needs of oxidative 
phosphorylation. As a result, it can counterbalance the 
increased ATP demand after PRT-treatment resulting in 
reduced glucose consumption15. Nevertheless, we could 
not confirm a protective role of PAS in preserving glucose 
levels both in treated and untreated-PCs in our study.

Untreated-PCs demonstrated similar reduction levels in 
aggregating capacity regardless of the storage medium. 
This finding is not in line with current literature35,36, as 
the in vitro aggregation capacity has been reported to be 
more severely affected when PAS is used as compared 
to plasma, attributed to the lack of fibrinogen and vWF 
due to the minimum plasma content. Additionally, the 
rapid desensitization of ADP receptors after the release of 
granular ADP during storage, contributes to the reduced 
in vitro aggregation capacity, while PRT itself reduces 
platelet aggregation in a time dependent way27. Thus, 
this controversy is probably resulting from the relatively 
small number of samples examined in our study and 
needs to be further investigated. Nevertheless, we made 
an interesting observation involving platelet aggregation 
after stimulation with ADP, which was more profoundly 
affected by Mirasol-treatment in PCs stored in PAS, 
compared to treated-PCs stored in plasma. This finding 
was also time-dependent and statistically important on 
day 5. It can be assumed that the combination of PRT 
with PAS, as a storage medium, had a negative impact 
on platelet aggregation. Similar results were reported by 
Van der Meer et al27 for both ADP and collagen agonists. 
The decreased aggregation pattern was also observed and 
once more, the results were more profound for Mirasol-
treated PCs in PAS. 
Finally, in our study, the hemostatic profile, as ref lected 
by ROTEM variables, exhibited only time-dependent 
alterations regardless of the storage medium in untreated-
PCs. It seems that storage medium does not inf luence clot 
formation and stability, as similar findings were obtained 
for the two mediums. There are limited studies in the 
literature evaluating the hemostatic profile of treated-PCs 
using viscoelastic methods5. ROTEM has been used in one 
study19, whereas there is also only one study comparing 
both viscoelastic methods20. In accordance to our findings 
the treatment itself inf luences ROTEM measurements 
having a negative impact on the hemostatic profile, 
regardless of the storage medium20.
To our knowledge this is the first study comparing the 
hemostatic profile of Mirasol-treated and untreated 
PCs collected from the same donors and stored in PAS 
and plasma. It seems that the use of PAS both in PRT 
treated and untreated-PCs cannot establish a favorable 
role regarding platelet functionality and hemostatic 
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capacity in vitro. According to our results its superiority is 
restricted to metabolic activity mainly at the late storage 
time in treated-PCs. However, several limitations of our 
study have to be acknowledged. A small sample size has 
been used while all observations are derived from in 
vitro measurements. Another limitation is considered 
the 5-days in vitro evaluation, instead of a 7-day period 
that is proposed for PRT-treated PCs. Furthermore, no 
specific instructions regarding dietary conditions prior 
to the donation were given to the donors included in our 
study, resulting in possible variations. Large research, 
strictly controlled studies as well as studies including 
parameters37 affecting hemostatic results and patients’ 
outcome, should be undertaken in order to confirm our 
findings.  

CONCLUSIONS
The use of PASs is a promising alternative to plasma, 
aiming to reduce allergic reactions and prolong storage in 
transfusion medicine especially for PRT-treated PCs. We 
concluded that extension in storage time is not an easy or 
safe option, because even though the metabolic profile is 
better preserved with the use of PAS, this does not apply 
to the hemostatic profile of PRT- treated and untreated 
PCs. Well-designed clinical trials are required in order to 
estimate whether the in vivo efficacy of these PC products 
depends on the time of transfusion during the proposed 
extended storage period. 
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