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Abstract

Background: Conditions during blood product storage and transportation
should maintain quality. The aim of this in vitro study was to investigate the
effect of interruption of agitation, temporary cooling (TC), and pneumatic tube
system transportation (PTST) on the aggregation ability (AA) and mitochon-
drial function (MF) of platelet concentrates (PC).

Study Design and Methods: A PC was divided equally into four subunits
and then allocated to four test groups. The control group (I) was stored as rec-
ommended (continuous agitation, 22 + 2°C) for 4 days. The test groups were
stored without agitation (II), stored as recommended, albeit 4°C for 60 minutes
on day (d)2 (IIT) and PTST (IV). Aggregometry was measured using Multiplate
(RocheAG; ADPtest, ASPItest, TRAPtest, COLtest) and MF using Oxygraph-2k
(Oroboros Instruments). The basal and maximum mitochondrial respiratory
rate (MMRR) were determined. AA and MF were measured daily in I and II
and AA in IIT and IV on d2 after TC/PTST. Statistical analysis was performed
using tests for matched observations.

Results: Eleven PCs were used. TRAP-6 induced AA was significantly lower
in II when compared to I on d4 (P = 0.015%). In III the ASPItest was signifi-
cantly lower (P = 0.032%). IV showed no significant differences. The basal and
MMRR were significantly reduced over 4 days in I and II (for both rates in
both groups: P = <0.0001*). No significant differences occurred on d4
(P = 0.495).

Conclusion: Our results indicate that ex vivo AA and MF of PCs are unaf-
fected, even in no-ideal storage and transport circumstances with respect to
agitation, temperature, and force.
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1 | INTRODUCTION

Transfusion of platelet concentrates (PCs) is used to prevent
or treat bleeding in patients with either a low platelet count
or poor platelet function. Clinical efficacy, rapid availability
and safety of platelet transfusion is of paramount impor-
tance. Hence, after blood donation and platelet processing,
storage and transport conditions take center stage to hold
up product quality during shelf-life. Here, potential effects
of temporary changes in storage temperature, discontinua-
tion of agitation and force during transportation are very
interesting to know. On this basis, clinicians can be advised
what to do when storage recommendations may have been
violated for short periods of time.

Platelet transfusions are routinely available since the
1970s." After performing life-span studies of stored
platelets, Murphy et al. then recommended the storage
of PCs at 22 + 2°C under continuous agitation.>* Life-
span of platelets was longer when stored at room tem-
perature rather than refrigerated and agitation
prevented platelet packing.>® Agitation is intended to
maintain platelet function by reducing their mutual
activation and improving oxygen supply and CO, elimi-
nation at a stable pH.* The storage bags are gas perme-
able to allow aerobic metabolism and thus prevent a
drop in pH.” As bacterial growth and the associated risk
of transfusion-transmitted infection increases over time,
the recommended storage time of PCs is limited.® Both,
the American Food and Drug Administration and the
British guidelines recommend the usage of stored PCs
for up to 5 days after collection.”® According to the cur-
rent recommendation of the German Medical Associa-
tion, PCs can be stored over a period of four-days
(4x24h, calculated from 12 pm of the removal day) at
422 + 2°C under continuous agitation.’

However, platelets undergo a series of morphological
changes and functional modifications over time despite
appropriate storage, resulting in a reduction of clinical
transfusion efficacy with respect to platelet count and
function, termed Platelet storage lesion (PLS). PLS is char-
acterized by an altered morphology, an increase of
procoagulant properties as well as a reduced release of
alpha granules and cytosolic proteins.” Furthermore,
platelet activation increases over storage time and already
activated platelets may be less effective after transfusion.'”

In addition, an association between storage time and
mitochondrial dysfunction has been described in the lit-
erature over the past years."

In clinical everyday life the agitation may be inter-
rupted for different (in particular organizational) reasons.
Some blood product institutions deliver blood products
using a pneumatic tube system, thereby submitting the
platelets to major forces. Furthermore, due to human

error, it occasionally occurs that PCs may be stored in a
blood product refrigerator at 4°C.

Especially in emergency bleeding situation, rapid avail-
ability of PCs may save lives. Transport via pneumatic tube
systems could ensure low turnaround times. The question
arises whether the acceleration and deceleration forces
during the transport could influence platelet function.

With respect to the controversial debate about the
impact of the storage method and duration on the func-
tion of PCs, the aim of this in vitro study was to systemat-
ically investigate the effect of continuous agitation on
aggregation ability and mitochondrial function of plate-
lets. Furthermore, the study aimed to quantify the effects
of cooling of the PCs, transportation in the pneumatic
tube system of the University Hospital Frankfurt and
interruption of agitation.

2 | MATERIALS AND METHODS
This study was approved by the ethics committee of the
University Hospital of Frankfurt (428/13).

2.1 | Platelet collection

Platelet concentrates were provided as routinely produced
pool PCs by the German Red Cross Blood Transfusion Ser-
vice of Baden-Wuerttemberg - Hessen, Frankfurt/Main,
Germany. The platelet count per preparation was in the
range of 2.0-4.5 x 10,'! which corresponds to a platelet
concentration of about 740-1800 x 10°/uL. The PCs had
the blood groups 0 (n = 3), B (n = 3) and A (n = 5). After
routine PC preparation, each PC was equally divided into
four subunits by separation into smaller storage containers
(CompoFlex P4224, 4F Platelet storage system for pediatric
platelets, maximum 4 X 600 mL, Fresenius Kabi AG,
61346 Bad Homburg, Germany). Each of the four subunits
was then assigned to one of the four test groups. Tables 1
and 2 provide an overview on storage methods, measuring
times, and measuring methods of the four test groups.

2.2 | Aggregometric analyses

Platelet aggregation was measured performing Multiple
Platelet Aggregometry using the Multiplate device (Roche
AG, Grenzach, Germany), as described in Té6th et al.'
The probes were diluted in fetal calf serum (Gibco, United
States). Ex-vivo aggregation of the platelets was induced
following stimulation with 0,2 mmol/L adenosin diphos-
phate (ADPtest), 15 mmoL/L arachidonic acid (ASPItest),
1 mmol/L thrombin receptor activating peptide-6 (TRAPtest)



TRANSFUSION-L
TABLE1  Overview on the four test Group  Storage temperature Agitation = Pneumatic tube system
groups
1 22 + 2°C Yes No
II 22 +2°C No No
111 4°C (for 60 min), otherwise 22 + 2°C  Yes No
v 22 +2°C Yes Yes
TABLE 2 Details on timing of interventions and measurements
Time
Group Dayl Day 2 Day 3 Day 4
I Production and splitting Multiplate/  Multiplate/Oxygraph Multiplate/Oxygraph  Multiplate/Oxygraph
into 4 subunits Oxygraph
IT Multiplate/Oxygraph Multiplate/Oxygraph  Multiplate/Oxygraph
111 Intervention: Cold storage, multiplate
v Intervention: Pneumatic tube

system, multiplate

and 100 pg/mL collagen (COLtest). The aggregation was
quantified as area under the curve (AUC) to express the
aggregation response over the measured time. AUC was
recorded as Units (U).

2.3 | Determination of the
mitochondrial respiratory rate

High-resolution respirometric measurements (mito-
chondrial oxygen consumption measurements) were
performed with the Oxygraph-2k (Oroboros Instru-
ments, Innsbruck, Austria). Oxygen in the Oxygraph
chamber was measured with the OROBO-POS (polaro-
graphic oxygen sensor). The oxygen sensor can deter-
mine changes in the O, concentration at a high
temporal resolution.*?

Platelets were added to a chamber of the Oxygraph
and diluted with SSP (Macopharma, 59420 Mouvaux,
France). Respirometry was carried out with continuous
mixing by means of an electromagnetic stir bar at 30°C.
After 10 to 15 minutes, a plateau appeared in the O, flux
curve (Basal rate). First, 1 pL oligomycin (2 mg/mL) was
added. The inhibition of the adenosine triphosphate
(ATP) synthase leads to the formation of a new plateau
with significantly lower O, flux values (Oligomycin rate).
Second, the respiratory chain decoupler carbonyl cyanide
p-trifluoromethoxyphenylhydrazone (FCCP) was titrated
in 1 pM increments. FCCP was titrated until the mea-
sured O, flow cannot be increased by further additions/
drops (Maximum mitochondrial respiratory rate). At last,
0.016 pmol of potassium cyanide (KCN, respiratory chain

inhibitor) were added which causes an abrupt drop in the O,
consumption (KCN rate). The measured oxygen consump-
tion was expressed in pmol/(s*mL). The higher the oxygen
consumption the more active is the respiratory chain.

2.4 | Measurement sequence

Measurements with the Multiplate and Oxygraph were
performed daily in group I. The measurements on day
1 in group I were carried out approximately 2 hours after
subunit division. On day 1 the measurements took only
place in group I, because after PC preparation each PC
was equally divided into four subunits. We therefore
assumed that shortly after the division all four subunits
have the same properties. This means that the measure-
ment from group I on day 1 is used as a reference and
baseline of aggregation and metabolic activity on day
1 and therefore representative for all four groups on day
1. The consecutive measurements with the Multiplate
and the Oxygraph in group I and II took place after fur-
ther 24 hours (day 2), 48 hours (day 3), and 72 hours (day
4) of storage.

The interventions temporary cooling (group III)
and transportation in the pneumatic tube system
(group IV) were carried out after approximately
24 hours of storage under continuous agitation at
22 +2°C. Group III was stored under 4°C for
60 minutes on day 2. The average temperature reduc-
tion was 17°. Measurements were performed approxi-
mately 40 minutes later at room temperature. Group IV
was transported in the pneumatic tube system of the
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University Hospital Frankfurt (Swisslog Rohrpostsysteme 400-
GmbH) twice on day 2. The transportation speed in the 0.156
system was 2-3 m per second. The throughput time var- = 300 p,;.
ied between 12 minutes, 35 seconds and 14 minutes, §

o
15 seconds. 2

—~ 200+
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2.5 | Statistics S

< 100+
Statistical analyses were performed using Prism
(Version 5, GraphPad Software, Incorporated, La Jolla, ol— . . . . . .
California, United States) and BiAS for Windows 1d1 1d2 1ld2 1d3 1Id3 1d4 Iid4
(Version 11.02-03/2016, epsilon-publisher, Dr. Ackermann,

FIGURE 1 Platelet aggregation following stimulation with

Goethe-University Frankfurt).

Depending on the distribution of the data from
Shapiro-Wilk-test, the results are given as the mean
(SD) or the median (25th and 75th percentiles, inter-
quartile range). Potential differences between two groups
were analyzed using the paired ¢ test or the Wilcoxon
matched pairs test. To compare results from three or
more days with matched observations repeated measures
tests were used. If the data was distributed normally the
repeated measures analysis of variance (ANOVA) test was
used. Significant results were further analyzed with mul-
tiple comparison Scheffé test. If the data was not normally
distributed, the Friedman's test together with Multiple
Conover-Iman comparisons with Bonferroni-Holm-
Correction was applied.

3 | RESULTS

This study included 11 PCs in which aggregation ability
and mitochondrial respiratory rate were examined over
the course of 4 days.

3.1 | Aggregation ability
3.1.1 | Effect of agitation vs non-
agitation on aggregation parameters

In the statistical analysis of the aggregation tests the
results from day 1 to day 4 of the control group (group I -
under agitation) were analyzed first. The results from
group I at day 1 are the baseline aggregation measure-
ments. Then the results of the test group II from day 2 to
day 4 (group II - omitted agitation) and the results from
group I, day 1 were compared.

As shown in Figures 1, 2, and 3, in the control group
(group I) the ADPtest (P = 0.991), TRAPtest (P = 0.151)
and COLtest (P =0.071) did not differ significantly
within the 4 days. When stimulated with arachidonic

adenosine diphosphate (ADPtest) in subunits of PCs under
agitation (group I @) and with omitted agitation (group II []).
(median, interquartile range). The results from group I at day 1 are
the baseline aggregation measurements. ADP, adenosin
diphosphate; AUC, area under the curve; d, day; U, Units
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FIGURE 2 Platelet aggregation following stimulation with

thrombin receptor activating peptide-6 (TRAPtest) in subunits of PCs
under agitation (group I @) and with omitted agitation (group II []).
(median, interquartile range). The results from group I at day 1 are
the baseline aggregation measurements. AUC, area under the curve;
d, day; TRAP-6, thrombin receptor activating peptide-6; U, Units

acid (ASPItest), the AUC was significantly higher on day
4 (Figure 4). The ASPItest showed a significant result
over time when comparing all 4 days (P = 0.018*) with
the Friedman's test.

The ASPItest was also significantly different over time
in the test group (group II; P = 0.0047*) when comparing
all 4 days. The ADPtest (P = 0.475), TRAPtest (P = 0.220)
and COLtest (P =0.058) did not differ significantly
within the 4 days in the test group.

Afterward, a paired test was performed between
group I day 4 and group II day 4. In the ADPtest,
ASPItest and COLtest the control group showed no
significantly different values compared to the test
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FIGURE 3
collagen (COLtest) in subunits of PCs under agitation (group I @)

Platelet aggregation following stimulation with

and with omitted agitation (group II []). (median, interquartile
range). The results from group I at day 1 are the baseline
aggregation measurements. AUC, area under the curve; COL,
collagen; d, day; U, Units
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FIGURE 4 Platelet aggregation following stimulation with

arachidonic acid (ASPItest) in subunits of PCs under agitation
(group I @) and with omitted agitation (group II []). (median,
interquartile range). The results from group I at day 1 are the
baseline aggregation measurements. ASPI, arachidonic acid; AUC,
area under the curve; d, day; U, Units

group on day 4. In the TRAPtest, however, the values
were significantly lower in the test group [mean + SD:
group I day 4, 250.5 +652 U; group II day
4,159.6 + 98.4 U; P = 0.015%].

3.1.2 | Effect of cooling on aggregation
parameters

The effect of cooling was also measured with all four
aggregation tests. In the ADPtest, ASPItest, and TRAPtest
the mean results were lower in group III which was
cooled compared to the control group (group I) on day
2 [mean = SD: ADPtest group I 217.5 + 77.24 U vs group
III 179.5 +87.66 U, P =0.315; ASPItest group I

251.4 + 56.93 U vs group III 187.4 + 78.58 U, P = 0.032%;
TRAPtest group I 1773 +66.29U vs group III
175.4 + 99.43 U, P = 0.955]. But only in the ASPItest the
results were significantly lower in the cooling test group
(P = 0.032%). Measurements in the test group with the
COLtest were higher compared to the control group
[mean + SD: COLtest group I 307.4 + 240.1 U vs group
I11 398.9 + 279.0 U, P = 0.368].

Effect of transport through the
pneumatic tube system on aggregation
parameters

The analysis after transportation in the pneumatic
tube system showed no significant difference [mean
+ SD: ADPtest group I 217.5 + 77.24 U vs group IV
2144 +73.74U, P =0.881; ASPItest group I
2514 +£56.93U vs group IV 19247 +103.7 U,
P =0.1055; TRAPtest group I 177.3 + 66.29 U vs group
IV 1854 +108.5 U, P =0.7371; COLtest group I
307.4 +240.1 U vs group IV 456.5 +214.8 U,
P = 0.0604]. Here, only 10 instead of 11 subunits were
compared because one subunit did not return from its
run in the pneumatic tube system on day 2 and only
reappeared the next morning.

3.1.4 | Mitochondrial respiratory rate
First, we analyzed with multiple comparison tests, both
in the control group (group I) and in the test group
(group II), whether the respiratory rate changes signifi-
cantly over the duration of 4 days of storage. In the con-
trol group (group I) the Basal rate (P = <.0001%),
Oligomycin rate (P =0.0286*), Maximum rate
(P = <.0001%), and KCN rate (P = 0.0015%) were signifi-
cantly different over time. Similar results are also shown
by the measurements within the test group (group II).
Also, in the test group the Basal rate (P = <.0001%),
Oligomycin rate (P =0.0010%), Maximum rate
(P = <.0001*), and KCN rate (P = 0.0057*) were signifi-
cantly different over time.

The descriptive statistics and the test results show that
the basal mitochondrial respiratory rate and the maximum
mitochondrial respiratory rate are reduced significantly
over time in the control and in the test group. Figure 5
illustrates the basal mitochondrial respiratory rate of group
1 and 2 over time and Figure 6 illustrates the maximum
mitochondrial respiratory rate of group 1 and 2 over time.

Furthermore, we analyzed whether the respiratory rates
are different between group I and group II on day 4. The
respiratory rates on day 4 were not significantly different
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FIGURE 5 Basal mitochondrial respiratory rate in pmol/

(s*mL) in subunits of PCs under agitation (group I @) and with
omitted agitation (group II []). (mean + SD). The results from
group I at day 1 are the baseline aggregation measurements. d, day
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FIGURE 6 Maximum mitochondrial respiratory rate in pmol/
(s*mL) in subunits of PCs under agitation (group I @) and with
omitted agitation (group II []). (mean + SD). The results from
group I at day 1 are the baseline aggregation measurements. d, day;
MMRR, maximum mitochondrial respiratory rate

between group I and group II (Basal rate P = 0.997,
Oligomycin rate P = 0.865 and Maximum rate P = 0.495).

4 | DISCUSSION
PCs are transfused to prevent or treat coagulopathy and
bleeding. Product quality and clinical efficacy is therefore
highly important for patient safety. In clinical everyday
life storage conditions may deviate from recommenda-
tions with respect to temperature and movement during
storage and transport, which may lead to platelet activa-
tion and/or dysfunction. Our study aimed to assess the
influence of modes of transport and deviation from rec-
ommended storage conditions on the functional parame-
ters of platelets stored for transfusion. We assessed
aggregation ability and mitochondrial function.

The results of our study suggest that mitochondrial
function decreases significantly during the up to 4 days
of storage under agitation at 22 + 2°C.

Perales Villarroel et al. also examined mitochondrial
function in stored PCs.'! In line with our results, their
measurements with the Oxygraph showed a significant
decrease over storage time in all measured respiratory
capacities.

In clinical reality, agitation may sometimes be inter-
rupted due to organizational problems or human error.
We therefore wanted to know whether this would result
in loss of function or a decrease in product quality.
Therefore, we analyzed whether the omission of agitation
would impact the respiratory rates. We found that the
basal mitochondrial respiratory rate and the maximum
mitochondrial respiratory rate were also significantly
reduced over 4 days in the group with omitted agitation.
No significant differences were found between the con-
trol group (continuous agitation) and test group (omitted
agitation) on day 4.

In general, mitochondria play an important role in
homeostasis of platelets or cells.'**> The source of ATP of
cells are anaerobic glycolysis and oxidative phosphoryla-
tion.'® Therefore, intracellular ATP levels decline with
reduced function of the respiratory chain, which seems to
be the case in stored PCs. The respiratory rate of throm-
bocytes decreases over time, regardless of continued agi-
tation or omitted agitation. The question arises as to
which effect the diminished function of the respiratory
chain in vitro could have on the function of the platelets
after transfusion in vivo. Under the assumption that the
mitochondrial rate is a surrogate parameter for product
quality, this could possibly imply that PCs could be trans-
fused to patients, even if they have been stored incor-
rectly for a short time. However, we do not know
whether the thrombocytes function well in vivo as this
has not been demonstrated in our study.

To draw conclusions on the actual function of the
thrombocytes, we then analyzed the aggregation ability
in vitro with the Multiplate Analyzer.

In the control group only ASPI induced platelet
aggregation showed a significantly higher AUC on day
4 compared to day 1. Aggregation was therefore not nega-
tively influenced by recommended storage conditions.

In the ASPI test, the aggregation ability seems to
improve in tests over the course of the days. A possible
explanation would be a temporary decrease of the activa-
tion ability due to the manufacturing process for exam-
ple, foreign surfaces and centrifugation. Potentially, the
function improves because they recover from it over the
course of the days. This effect is known from other stud-
ies in which platelets suffer from stressors such as the
heart-lung machine. A study by Rinder et al. for instance
showed that cardiopulmonary bypass operations with
membrane oxygenator produce selective decreases in sur-
face glycoproteins Ib and IIb/IIIa as well as in platelet
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activation.'” These alterations were temporary and could
be due to shear stress due to the membrane oxygenator.
A study by Varghese et al. also showed these effects.'®
Similarly, for example, shear forces could affect the plate-
lets during the PC manufacturing process.

The study by Perales Villarroel et al. also investigated
aggregation ability."' In contrast to our results, the activa-
tion decreased significantly over time.

We also analyzed whether it makes a difference on
day 4 if the PCs were stored under agitation or with omit-
ted agitation. Only TRAP induced platelet aggregation
showed a significantly lower aggregation ability in the
test group. These results imply discontinuation of agita-
tion reduce aggregation ability. Nonetheless, PCs toler-
ated a day or two without agitation until significant
changes in aggregation ability were measured.

In this study, the possible influencing factors of cold
storage and extreme shaking in the pneumatic tube system
of the hospital were also investigated. ASPI induced plate-
let aggregation was negatively influenced by cooling. None
of the aggregation measurements showed significant influ-
ence of transport with the pneumatic tube system.

Storage temperature is also a matter of debate in
other studies as cold storage may have bacteriostatic
effects and would therefore allow for a longer storage
period and possibly higher transfusion safety. In a study
by Reddoch et al.,'* paired samples from five PCs were
stored at room temperature with agitation, at 4°C with
agitation and at 4°C without agitation. Stimulation with
ADP and collagen showed significantly better aggrega-
tion responses on day 3 and 5 in cold-stored platelets
(agitation and omitted agitation) compared to platelets
stored at room temperature. However, TRAP induced
aggregation showed decreased responses in all groups
with no significant differences between the groups.

Two other studies examined platelets after transporta-
tion in a pneumatic tube system. Sandgren et al.*® found
no statistically significant differences in lactate produc-
tion and pH between the control group and PCs which
ran through the pneumatic tube system. Lancé et al.
examined aggregation parameters.”’ Collagen- and ADP
induced aggregation measurements showed no influence
of transport. Only TRAP induced platelet aggregation
was negatively influenced by multiple transport.

Two studies have investigated the function of platelets
after transfusion in vivo. In the study by Roeloffzen et al.
transfused platelets regained function in vivo, but hemo-
static potential of PCs stored for 1-3 days compared to
PCs storage for 4-5 days was higher.*? Also, in a study by
Vetlesen et al. the recovery and survival rate of platelets
in vivo was higher when PCs stored for 1-3 days than
PCs stored for 3-6 days were transfused, whereas activa-
tion potential was about equal.® Differences in results

TRANSFUSION-—

could be due to the fact that Roeloffzen et al. used pooled
PCs and analyzed hemostatic potential based on clotting
time and the rate of clot growth®* whereas Vetlesen et al.
used apheresis PCs and activation potential was assessed
by measuring the expression of the surface activation
markers CD63 and CD62P or by CD42a.*®

One limitation of our study is that all measurements
were carried out in vitro. A possible improvement to the
study would be to include additional measurements with
the Oxygraph after cooling or transport in the pneumatic
tube system. Possible extension of the study would have
been in vivo measurements or the additional use of other
methods such as the measurement of surface markers on
platelets or the measurement of traditional markers of
platelet viability and metabolism (eg, platelet count, pH).
A strength of our study is that each PC served as its own
control as each PC was divided into four equal parts.

In conclusion, this study demonstrates that the mito-
chondrial respiratory rate in PCs is not significantly dif-
ferent when comparing PCs under agitation and omitted
agitation over 4 days. This implies that no difference in
mitochondrial function appear, even if the PCs were not
agitated, contrary to the recommendation. In PCs under
agitation and omitted agitation the respiratory rate
decreased over time, whereas aggregation ability was
mostly not significantly influenced by storage time.

Due to the facts that the mitochondrial respiratory
rate decreases in a similar amount when PCs are stored
without agitation and PCs tolerated a day or two without
agitation until significant changes in aggregation ability
were measured, we would conclude that a product is still
of good quality for transfusion after short times of (inci-
dental) cessation instead of continuous agitation.

Furthermore, our results show that it is feasible to
deliver PCs in the pneumatic tube system, especially if
this reduces the time-to-treat in acute bleeding situations.

Future prospective in vivo studies should clarify if
these observations are associated with clinical outcomes,
including bleeding, thrombosis or mortality in critically
ill or hematology patients.

ACKNOWLEDGMENT

We thank the Institute of Transfusion Medicine and
Immunohematology (German Red Cross Blood Transfu-
sion Service Baden Wuerttemberg-Hessen, Frankfurt am
Main, Germany) for providing PCs and the Department
of Biostatistics and Mathematical Modeling, Goethe Uni-
versity Frankfurt, Frankfurt, Germany for giving profes-
sional statistical advise for the statistical analysis and
interpretation of this study. This work was funded by the
Young Investigator Grant of the College of Medicine,
Goethe University Frankfurt. Open Access funding
enabled and organized by ProjektDEAL. WOA



* L TRANSFUSION

BOHMERT ET AL.

Institution: Goethe-Universitat Frankfurt am Main

Blended DEAL: ProjektDEAL.

CONFLICT OF INTEREST

SB, SK, EHA, and DF declare that they have no conflicts
of interest relevant to the manuscript submitted to
TRANSFUSION. MMM is an employee of the German
Red Cross Blood Transfusion Service Baden-
Wuerttemberg-Hessen and received an honorarium as
well as support in travel and hotel costs for a lecture
from TerumoBCT. CFW received travel support and
honoraria for scientific lectures from Roche AG,
Werfen, Dynabyte and enicor. KZ received grants from
CSL Behring, Serumwerke, Vifor Pharma, Johnson &
Johnson, Schochl Medical, Fresenius Kabi, Fresenius
Medical, AIT Wien, B. Braun Melsungen, Biotest AG,
Edwards Livescience, Forum Sanitas, Haemonetics Corpo-
ration, Hexal AG, Masimo International, Nordic Pharma,
Nordic group, Ratiopharm, TEM International, Siemens.

ORCID
Stephanie Bohmert
0539

Kai Zacharowski
9110

https://orcid.org/0000-0002-6755-

https://orcid.org/0000-0002-0212-

REFERENCES

1. Blajchman MA. Platelet transfusions: An historical perspective.
Hematology Am Soc Hematol Educ Program. 2008;2008:197.

2. Murphy S, Gardner FH. Effect of storage temperature on main-
tenance of platelet viability—deleterious effect of refrigerated
storage. N Engl J Med. 1969;280(20):1094-1098.

3. Murphy S, Sayar SN, Gardner FH. Storage of platelet concen-
trates at 22 degrees C. Blood. 1970;35(4):549-557.

4. Wallvik J, Stenke L, Akerblom O. The effect of different agita-
tion modes on platelet metabolism, thromboxane formation,
and alpha-granular release during platelet storage. Transfusion.
1990;30(7):639-643.

5. Egidi MG, D’Alessandro A, Mandarello G, et al. Troubleshoot-
ing in platelet storage temperature and new perspectives
through proteomics. Blood Transfus. 2010;8(suppl 3):5s73-s81.

6. Védy D, Robert D, Canellini G, Waldvogel S, Tissot JD. Bacte-
rial contamination of platelet concentrates: Pathogen detection
and inactivation methods. Hematol Rep. 2009;1(1):5.

7. Food and Drug Administration - Center for Biologics Evalua-
tion and Research. Blood Products Advisory Committee Meet-
ing Issue Summary. Available from: https://www.fda.gov/
media/114327/download. Accessed September 23, 2019.

8. British Committee for Standards in Haematology, Blood Trans-
fusion Task Force. Guidelines for the use of platelet transfu-
sions. Br J Haematol. 2003;122(1):10-23.

9. Bundesirztekammer. Richtlinie zur Gewinnung von Blut und
Blutbestandteilen und zur Anwendung von Blutprodukten
(Richtlinie Hamotherapie). [cited 2018 Oct 30]. Available from:
http://www.bundesaerztekammer.de/fileadmin/user_upload/
downloads/pdf-Ordner/MuE/Richtlinie_Haemotherapie 2017.pdf.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sahler J, Grimshaw K, Spinelli SL, Refaai MA, Phipps RP,
Blumberg N. Platelet storage and transfusions: New concerns
associated with an old therapy. Drug Discov Today Dis Mech.
2011;8(1-2):e9-€14.

Perales Villarroel JP, Figueredo R, Guan Y, et al. Increased plate-
let storage time is associated with mitochondrial dysfunction
and impaired platelet function. J Surg Res. 2013;184(1):422-429.
Téth O, Calatzis A, Penz S, Losonczy H, Siess W. Multiple elec-
trode aggregometry: A new device to measure platelet aggrega-
tion in whole blood. Thromb Haemost. 2006;96(6):781-788.
Garedew A, Hiitter E, Haffner B, Gradl P, Gradl L, Jansen-
Diirr P, Gnaiger E. High-resolution respirometry for the study
of mitochondrial function in health and disease. The
OROBOROS Oxygraph-2k. Redl H (Hrsg) Proc.11th Congress
of the European Shock Society Vienna, Austria. Bologna:
Medimond; 2005. p. 107-111.

Skripchenko A, Myrup A, Thompson-Montgomery D,
Awatefe H, Moroff G, Wagner SJ. Periods without agitation
diminish platelet mitochondrial function during storage. Trans-
fusion. 2010;50(2):390-399.

Garcia-Souza LF, Oliveira MF. Mitochondria: Biological roles
in platelet physiology and pathology. Int J Biochem Cell Biol.
2014;50:156-160.

Diab YA, Thomas A, Luban NLC, Wong ECC, Wagner SJ, Levy RJ.
Acquired cytochrome C oxidase impairment in apheresis platelets
during storage: A possible mechanism for depletion of metabolic
adenosine triphosphate. Transfusion. 2012;52(5):1024-1030.

Rinder CS, Mathew JP, Rinder HM, Bonan J, Ault KA, Smith BR.
Modulation of platelet surface adhesion receptors during cardio-
pulmonary bypass. Anesthesiology. 1991;75(4):563-570.

Varghese SJ, Unni MK, Mukundan N, Rai R. Platelet functions
in cardiopulmonary bypass surgery. Med J Armed Forces
India. 2005;61(4):316-321.

Reddoch KM, Pidcoke HF, Montgomery RK, et al. Hemostatic
function of apheresis platelets stored at 4°C and 22°C. Shock.
2014;41(Suppl 1):54-61.

Sandgren P, Larsson S, Wai-San P, Aspevall-Diedrich B. The
effects of pneumatic tube transport on fresh and stored plate-
lets in additive solution. Blood Transfus. 2014;12(1):85-90.
Lancé MD, Marcus MAE, van Oerle R, Theunissen HMS,
Henskens YMC. Platelet concentrate transport in pneumatic
tube systems—does it work? Vox Sang. 2012;103(1):79-82.
Roeloffzen WWH, Kluin-Nelemans HC, Veeger NIGM,
Bosman L, de Wolf JTM. Transfused stored platelets have the
same haemostatic function as circulating native platelets. Vox
Sang. 2010;99(2):123-130.

Vetlesen A, Holme PA, Lyberg T, Kjeldsen-Kragh J. Recovery,
survival, and function of transfused platelets and detection of
platelet engraftment after allogeneic stem cell transplantation.
Transfusion. 2012;52(6):1321-1332.

How to cite this article: Bohmert S, Kiibel S,
Miiller MM, et al. The effect of the interruption of
agitation, temporary cooling, and pneumatic tube
transportation on platelet quality during storage
for transfusion. Transfusion. 2020;1-8. https://doi.
org/10.1111/trf.16223



https://orcid.org/0000-0002-6755-0539
https://orcid.org/0000-0002-6755-0539
https://orcid.org/0000-0002-6755-0539
https://orcid.org/0000-0002-0212-9110
https://orcid.org/0000-0002-0212-9110
https://orcid.org/0000-0002-0212-9110
https://www.fda.gov/media/114327/download
https://www.fda.gov/media/114327/download
http://www.bundesaerztekammer.de/fileadmin/user_upload/downloads/pdf-Ordner/MuE/Richtlinie_Haemotherapie_2017.pdf
http://www.bundesaerztekammer.de/fileadmin/user_upload/downloads/pdf-Ordner/MuE/Richtlinie_Haemotherapie_2017.pdf
https://doi.org/10.1111/trf.16223
https://doi.org/10.1111/trf.16223

	The effect of the interruption of agitation, temporary cooling, and pneumatic tube transportation on platelet quality durin...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Platelet collection
	2.2  Aggregometric analyses
	2.3  Determination of the mitochondrial respiratory rate
	2.4  Measurement sequence
	2.5  Statistics

	3  RESULTS
	3.1  Aggregation ability
	3.1.1  Effect of agitation vs non-agitation on aggregation parameters
	3.1.2  Effect of cooling on aggregation parameters
	3.1.3  Effect of transport through the pneumatic tube system on aggregation parameters
	3.1.4  Mitochondrial respiratory rate


	4  DISCUSSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST
	REFERENCES


