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MICROPARTICLES AS QUALITY CRITERIA FOR PLATELET CONCENTRATE
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Introduction. Due to the increased requirement for platelet concentrate use in the treatment and prevention of thrombocytopathy, there is a pressing need
for the development, improvement and implementation of new approaches to monitoring its quality parameters and safety assessment.

Objective. To conduct a systematic review and analysis of literature data, in order to identify promising approaches to evaluating an adequate analysis of the
quality of platelet concentrate to improve the effectiveness and safety of transfusions.

Discussion. The possibilities and advantages of a rational approach to platelet concentrate transfusion are established, while considering the degree of plate-
let activation required to optimize the preparation of the component. Special attention was paid to methods for evaluating platelet activation. The detection
of microparticles based on dynamic light scattering will make it possible to distinguish activated platelets (with a high content of microparticles) from inactive
(with a low content of microparticles) platelets during both therapeutic and preventive transfusions and optimize the use of this scarce blood component.
Conclusions. The ability to differentiate platelet concentrates based on the screening of the content of microparticles formed due to activation will contribute
to improving the effectiveness and safety of transfusion therapy.
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MUKPOYACTNULbI KAK KPUTEPUN KAHECTBA KOHLIEHTPATA TPOMBOLINTOB

IB. louwmHa™, A. . Kacbanos, [.B. lactoukuHa, V.M. KpobuHed, W.C. lfonosaHosa, O.KO. MaTsuneHko

Poccuiicknin Hay4HO-1CCnefoBaTenbCKuil MHCTUTYT reMaTonorm n TpaHcdyanonorun ®efepanbHoro Meamnko-bruonorndeckoro areHTcTsa, CaHkT-lNeTepbypr,
Poccus

BBepeHue. B CBA3M C BO3POCLLUEN NOTPEOHOCTHIO MPYMEHEHWSI KOHLEHTPaTa TPOMOOLIMTOB A5 IeHeHMs U MPOUNaKTUKL TPOMOOLMTONATUM aKTyabHOM
3afayen aBnseTcsa pa3paboTka, COBEPLLIEHCTBOBaHVE 1 BHEPEHME HOBbIX MOAXOA0B MOHUTOPMHIa NapamMeTpoB ero ka4ecTsa 1 OLeHKIN 6e30MacHOCTH.
Llenb. poBeaeHne cnuctemaTnieckoro 063opa 1 aHanmsa nntepaTypHbiX AaHHbIX A5 BbISBAEHUS NEPCNEeKTUBHBIX MOAXOAOB K OLleHKe aieKBaTHOro aHa-
M3a KayecTBa TPOMOOLIMTHOrO KOHLEHTPAaTa A5 NMOBbILLEHNS 3PPEKTUBHOCTA 1 6€30MacHOCTH TpaHCdy3uii.

O6cyxaeHue. BbisiBneHbl BO3MOXHOCTN 1 NpenMyLLIeCTBa paLmoHaibHOro noaxofa K nepennmBaHnto KOHUEeHTpara TpPOMOOLMTOB C YH4ETOM CTeneHu ak-
TVBaumn TPOMBOLIMTOB A5t ONTUMM3aLIM 3arOTOBKIN KOMMOHeHTa. Ocoboe BHYMaHNe yaeneHo MeToam OLEHKIN akTuaaLmm TpoMmooumToB. O6Hapy»xeHve
MUKPOYaCTHL, Ha OCHOBE AVHAMWNYECKOrO PACCEesiHUS CBETA NO3BONUT OT/IMYaTb aKTMBUPOBAHHbBIE (C BBICOKUM COAEPXXaHNEM MUKPOYACTHUL) OT HeaKTUBM-
POBaHHbIX (C HU3KMM CoAeP>KaHNEM MUKPOYACTULL) TPOMOOLMTOB NPpU MNPOBEAEHUN Kak NevebHbIX, Tak 1 NpodunakTUIeckmx TpaHcdyauii 1 oNTUMU3MPO-
BaTb MCMONb30BaHWe 3Toro AeULUUTHOrO KOMMOHEHTA KPOBMU.

BbiBoAbl. BO3MOXHOCTb AN DEPEHLIMPOBKIM KOHLEHTPATOB TPOMOOLMTOB HA OCHOBE CKPUHIMHIa COAePXKaHWst MUKPOYacTuL, 06pasytoLLyxcs B pesynsTa-
Te akTuBauuu, 6yaeT cnocobCcTBOBaTb MOBbILLEHNIO 3HEKTUBHOCTY 1 6e30MacHOCTY TpaHCHY3UOHHOM Tepanuu.
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INTRODUCTION been a steady increase in the need to use platelet concen-
trates (PC).
In the last two decades in the Russian Federation, due to Platelets are specialized nuclear-free blood cells which

the improvement and intensification of treatment programs  play a key role in stopping bleeding and dangerously
with the use of PC in many fields of medicine, there has  blocking healthy blood vessels in thrombosis. Inactivated
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platelets are flattened spheroids (disks) with a semi-axis ra-
tio 2-8 and a characteristic size of 2-4 ym in diameter. In
the activated state, the shape of platelets changes: a part
of activated platelets acquires a shape close to spherical.
During the transition to the activated state, microparticles
with sizes ranging from 50-100 nm are separated from
platelets that fall into the intercellular space of blood [1]. An
indicator of the proportion of active platelets is the content
of microparticles in a given concentrate.

Platelet concentrates are one of the deficit blood com-
ponents used in hemotransfusions. In order to assess the
quality of these concentrates and their proper use, infor-
mation is needed regarding the proportion of active plate-
lets contained in them [1-4]. This indicator depends on
the individual characteristics of the donor, the method of
obtaining platelet concentrate from donor blood, as well
as the duration and storage conditions of the concentrate.
Too large a proportion of microparticles in the concentrate
makes it unsuitable for use in transfusion. The possibility
of using concentrates with a moderate proportion of active
platelets and, consequently, microparticles depends on the
characteristics of the patient for whom the concentrate is
intended.

In this work, we conduct a systematic review and analy-
sis of published literature to identify promising approaches
to assessing adequate platelet concentrate quality assur-
ance to improve the efficiency and safety of transfusions.

DISCUSSION
Properties and functions of platelet microparticles

The formation of microparticles (MPs) or microvesicles is
an integral manifestation of cell viability, occurring both in
vivo and in vitro. The formation of microparticles is stimu-
lated by pathogens, stress, various damages, and other
unfavorable factors [1]. The most active production of mi-
croparticles is characteristic of blood formers, as well as
endothelial and smooth muscle cells of blood vessels [2].
Among all microparticles in the blood, platelet microparti-
cles (PMs) are the most abundant [3] and account for about
70-90% of the total number of cells. There is a growing
scientific and clinical interest in the physiologic role played
by platelet microparticles [4]. Compared to platelets, which
have an average lifespan of about 10 days, the lifespan of
platelet microparticles is measured in minutes [5], while the
aspect of removing microparticles from circulation in the
bloodstream remains unclear.

Platelet microparticles are 0.1-1 pm fragments released
from platelet plasma membranes which undergo activa-
tion, stress or apoptosis, with a wide range of biological
activities. They have a phospholipid-based (PLP) structure
and express functional receptors from platelet membranes.
As the most abundant microparticles in the blood, PMs ex-
press the procoagulant phosphatidylserine (PS) and likely
complement, if not enhance, platelet functions in hemo-
stasis, thrombosis, cancer and inflammation, while also
acting as stimulators of tissue regeneration. Their size and
structure make PMs indispensable in the system of inter-
cellular interactions with tissue cells as a delivery tool for
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platelet-carried bioactive molecules, including growth fac-
tors, other signaling molecules, and microRNAs.

Considering the reactivity of PMs, they may have dif-
ferent pathophysiologic effects on the cellular environment
when interacting with components of the circulatory sys-
tem. There is also growing evidence that PM production
is triggered during donation, component separation, and
storage of blood. This may lead to thrombotic and inflam-
matory side effects in recipients. Evaluation of PMs requires
rigorous pre-analytical and analytical procedures, aimed at
avoiding the generation of artifacts. At the same it ensures
the accurate estimation of the quantity, size redistribution
and functional properties of these microparticles [6, 7].

In vivo, PMs can be released from platelets under
normal physiologic conditions or as a result of activation,
stress, or apoptosis. Surface marker studies have shown
that PMs are probably the most abundant MPs in healthy
individuals, constituting 70-90% of circulating cells in the
blood [6], with a range of approximately 100-1000/uL [7].
Megakaryocytes can also release MPs [8], but determin-
ing their proportion requires further studies. The remain-
ing MPs are released by endothelial cells, leukocytes, and
erythrocytes. Evaluation of PMs still requires the develop-
ment of rigorous preanalytical and analytical procedures,
in order to ensure the most accurate estimation of abun-
dance, size, and functional properties. The number of
PMs increases as a result of activation of the coagulation
cascade or complement system, as well as by apoptotic
signals or shear forces. The number of PMs increases in
some prothrombotic and inflammatory diseases, as well as
in some cancers [9].

The quantitative content of microparticles in blood
is probably related to the state of balance between their
formation and utilization [10]. In various pathological con-
ditions, this balance is disturbed, and an increase in the
content of platelet microparticles caused by “chronic ac-
tivation” of platelets is registered in the blood [11]. Platelet
microparticles are heterogeneous and characterized by the
presence or absence of mitochondria [12], as well as varia-
tion in size. Since PMs can express functional receptors
from platelet membranes and are PLP-based nanopar-
ticles, they are increasingly considered as tools in the inter-
action between platelets and tissue cells [13]. Platelet mic-
roparticles contain biologically active molecules, including
growth factors and other signaling molecules which can
transmit messages to neighboring or target cells [14]. Thus,
PMs have the potential to influence the cellular environment
interacting with the blood network. This is because they
expose the procoagulant surface of PLP and can act as
a transporter of previously mentioned bioactive molecules,
as well as genetic materials including microRNAs [15]. PM
generation is also triggered in vitro during blood cell pro-
cessing and storage [16], potentially causing side effects
during transfusion therapy.

Accurate characterization of PMs requires careful prep-
aration of study samples, in order to avoid experimental ar-
tifacts. In addition, when evaluating MPs [17], a reasonable
choice of analytical methods combining techniques which
characterize the cellular origin, number, size, and functional
activity of microparticles should be made.
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Microparticles as a versatile quality indicator of
platelet concentrates

PCs are widely used in clinical practice. In cancer patients,
platelets are used to prevent hemorrhagic syndrome. In
trauma and surgical patients, PC transfusions are per-
formed to stop bleeding. In addition, the introduction of
platelet-rich plasma injections is based on the immuno-
logic functions of platelets.

The quality requirements for platelets intended to pre-
vent and stop bleeding or accelerate wound healing vary
widely. The question is whether a single measurable char-
acteristic can describe platelet quality for all applications.
A positive answer is provided by Maurer-Spurej, who pres-
ents data regarding the use of microparticle measurement
in platelet samples as a versatile quality characterization
for production, storage, viability assessment, function,
and compatibility of PCs [18].

It has been suggested that viable platelets in the plate-
let concentrate are lost due to storage lesion changes.
However, donor variability is not thought to be a major
contributing factor [19]. This implies that patients with
indications for transfusion of PC containing long-lasting
viable platelets in the bloodstream should be transfused
as soon as possible after procurement. Traditionally,
in vitro platelet quality assessment has been based on
these assumptions [20]. In the event of changes in these
parameters both during platelet activation and storage,
the measurement of CD62 surface receptor expression,
ADP-stimulated aggregation level is performed. It has
been shown that the release of microparticles by platelets
follows activation, and increases during storage of platelet
components [21]. Thus, platelet quality is assessed from
the perspective of the manufacturer and regulated, in or-
der to ensure consistency and stability of the manufactur-
ing process [22].

Since PC quality assessment is focused on detecting
degradation from the beginning to the end of the regu-
lated 5-day shelf-life [23], normative indices have high
resolution for small changes in “resting/viable” platelets,
while low resolution for “activated/functional” platelets.
The characteristics of donor platelet quality are relevant
when assessing the immediate response to transfusion.
However, maintaining the duration of response depends
predominantly on patient characteristics [24, 25].

The studies of Maurer-Spurej et al. noted that in 17%
of cases (regardless of age) transfusion of donor platelet
concentrates did not lead to the expected increase in the
number of platelets after transfusion in oncohematologic
patients [26]. One possible reason for this unexpected-
ly high rate of adverse clinical outcomes is that platelet
viability is highly dependent on donor characteristics.
Indeed, it was found that approximately 33% of donors
were found to have pre-activated platelets, as evidenced
by high levels of microparticles in the harvested platelet
concentrate [27]. Patients with oncopathology usually re-
quire platelet transfusion not for reasons of active bleed-
ing, but due to a predisposition to develop bleeding due to
low platelet counts secondary to underlying disease and/
or therapy. In these patients, donor platelets must remain

in the circulatory stream for possible activation. Due to
reduced viability, pre-activated platelets are not recom-
mended for storage or use in cancer patients [28]. On the
contrary, pre-activated platelets with increased hemostat-
ic activity are believed to be effective in stopping acute
bleeding, which is especially important for patients with
surgery or trauma [29].

Platelets are used in clinical practice for a wide variety
of purposes. For this reason, the quality of the platelet
concentrate should match the specific transfusion objec-
tive. Consequently, the ideal quality parameter for predict-
ing platelet function after PC transfusion should be to dis-
tinguish between resting/viable and pre-activated/highly
functional platelets with the same resolution across the
entire viability/functionality spectrum [28, 29].

The indicator of microparticle content as fragmenta-
tion and heterogeneity of platelets can be considered as
a quality criterion for platelet production, storage, viability,
function, and compatibility [30, 31]. The heterogeneity of
platelet concentrates, considering the degree of activation
by microparticles, enables the process of procurement to
be corrected, and PC to be differentiated for prophylactic
and therapeutic transfusions.

If platelets are more viable (i.e., capable of surviving
certain storage conditions, transportation, irradiation,
and other influences), then they are, by definition, less
functional. This fact has been known since the 1970s,
when researchers tried to determine the optimal storage
temperature for platelet concentrates. Platelets stored at
room temperature were found to be more viable, while re-
frigerated platelets showed better functional activity. This
is based on an assessment of the criterion of changes
in hemostatic parameters in volunteers receiving aspirin
or in patients with thrombocytopenia [32]. Maintenance
of platelet viability is an important role of anticoagulants.
Concentrates rich in viable platelets are homogeneous
in composition, containing predominantly disc-shaped
platelets and few (or no) microparticles or microaggre-
gates [27]. In contrast, platelets which have undergone
long-term storage and refrigeration, or otherwise activat-
ed, are expected to be heterogeneous. They are expected
to contain platelets with a high level of polydispersity due
to polymorphism, high surface expression of activation
markers, large numbers of microparticles, and the pres-
ence of microaggregates [33].

The heterogeneity of platelet concentrates increases
during storage [34] as well as during pathogenreduction
[23] and varies greatly in healthy donors [35]. The greatest
contribution to platelet heterogeneity is their microparticle
content.

At the present time, two important questions require
consideration: firstly, whether microparticles in blood com-
ponents have a potentially pathogenic effect; and secondly,
how the process of preparation, additional processing and
storage of blood components affect the release of mic-
roparticles. Recently, the importance of microparticles as
indicators of PC quality has been heightened due to their
potential physiological and pathophysiological roles. The
importance of microparticles in transfusion medicine is
recognized since microparticles are present in both plasma
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and cellular blood products [7]. The pathophysiological ef-
fects of PMs related to the regulation of immune responses
have raised obvious concerns about the potential deleteri-
ous effects associated with blood transfusion in immuno-
compromised patients [36, 37]. There is strong evidence
that both blood cell-derived microparticles and platelet
microparticles are generated during the production and
storage of all blood components, plasma for transfusion,
and red blood cell and platelet concentrates prepared from
whole blood by apheresis [38, 39]. PM release is induced
by stimuli such as shear stress resulting from activation or
apoptosis of cells during storage, as well as their contact
with the walls of the storage container [38]. Cellular expres-
sion by-products are formed [40], when platelet concen-
trates are stored at from +20 to —24°C or erythrocyte units
at from +1 to —6°C.

Platelet microparticles appear to be present in higher
amounts in PC prepared by apheresis, rather than in the
platelet concentrate obtained from the leukotrombotic
layer. The specifics of the apheresis procedure protocol
or the type of cell separator used have been shown to
potentially influence the extent of PM release during pro-
cessing [41]. Platelet microparticles do not appear to be
removed by leukoreduction [42]. On the other hand, leu-
kofiltration of whole blood has been found to reduce the
risk of subsequent PM formation [43]. Fresh frozen plasma
prepared after overnight exposure of whole blood at +4°C
contained more PMs than that obtained 8 h after blood
collection [44]. At the same time, according to George
JN et al.,, Cryoprecipitate containing highly concentrated
PMs had a potentially more pronounced hemostatic effect
when compared to the initial plasma [45].

In order to ensure transfusion therapy safety, a better
understanding of the PM release mechanism during pro-
cessing and storage of blood components through care-
ful sample preparation and a combination of analytical
techniques [46] is important. Suspected complications of
transfusion include: increased risk of infectious complica-
tions; as well as renal, respiratory and multi-organ failure
[37]. Some authors (Khorana AA, Francis CW et al.) have
found a correlation between the increased incidence of
venous thrombosis and embolism after administration
of platelet concentrates with the presence of PMs [47],
known to exhibit higher procoagulant activity (50-100-
fold), when compared to equivalent activated platelets
[48]. Although PM half-life is thought to be very short due
to phagocytosis by macrophages, recent experiments
have shown that it can be approximately 5.8 h when plate-
let concentrates are administered to patients with severe
thrombocytopenia [49].

Phosphatidylserine-expressing PMs can activate in-
nate immune cells. This can lead to an inflammatory re-
sponse mediating transfusion-related acute lung injury
(TRALI) [50]. Platelet microparticles may also contribute to
immunosuppressive effects occurring during transfusion,
indirectly explaining the occurrence of post-transfusion in-
fections or cancer recurrences [40]. Another possible MP
side effect is the potential high risk of alloimmunization
against blood cell antigens, since they may have a high
immunological potential [51].
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Platelet refractoriness is a situation in which a patient
fails to have the expected clinically significant response to
a PC transfusion [52]: a complication seen in 27% of plate-
let recipients [53]. Refractoriness to platelet transfusions is
defined as two consecutive platelet transfusions resulting
in an insufficient increase in corrected count increments
(CCI). The threshold below which the CCI is considered
insufficient depends on the time of measurement. A CCl
of less than 5000-7500 platelets/uL measured in a recipi-
ent blood sample taken 1 h after transfusion characterizes
poor recovery, while a CCl of less than 5000 platelets/
pL in a sample taken 24 hours after transfusion charac-
terizes poor survival. Patients with immune refractoriness
have a low post-transfusion CCIl both 1 and 24 hours af-
ter transfusion, which can be eliminated (or not) by selec-
tion of appropriate HLA/HPA platelet concentrates [54].
However, an increase in platelet count at 1 h, followed by
a significant decrease in platelet count 24 h after trans-
fusion is detectable even in the absence of documented
alloimmunization. It has been suggested that inadequate
platelet quality is one of the reasons why cancer patients
may have particularly poor platelet survival in the period of
24 h after transfusion [12]. In addition to complicating the
treatment process itself, the cost of bed days more than
doubles when treating patients with platelet resistance,
when compared with patients without refractoriness with
hospital stays 21 days longer [55].

Microparticles are markers of prothrombotic inflam-
mation. Patients who become refractory to platelet trans-
fusion often have concomitant fever or systemic inflam-
mation, detectable as increased microparticles [56].
Consequently, homogeneous platelets may be a better
choice for cancer patients at risk of developing refrac-
toriness, whereas heterogeneous platelets may lead to
the development of complications. Thus, transfusion of
platelets from microparticle-rich donors may be the most
optimal option. In all likelihood, transfusion of heteroge-
neous platelets to patients whose immune systems are
hyperactivated may push them to a tipping point where
they become immune to platelet transfusion. In indepen-
dent studies by Cortés-Puch et al, and Flegel et al, found
that not transfusing heterogeneous platelets prophylacti-
cally may prevent refractoriness. A similar concept was
analyzed in an experimental study on animals in which
the combination of bacterial infection and transfusion of
“older” erythrocytes containing high concentrations of mi-
croparticles led to an increased risk of mortality [57, 58].

Heterogeneous platelet concentrates contain pre-acti-
vated platelets capable of reacting quickly when they en-
ter the bloodstream. Thus, heterogeneous platelets have
a more pronounced functional activity and have been
shown to stop bleeding faster than homogeneous viable
platelets [33].

The introduction of microparticle measurements for
the quality and safety control of platelet concentrates
could eliminate the influence of pathogen inactivation. It
could also contribute to supplement solutions and 7-day
storage conditions for PC. Inventory management based
on this indicator could lead to optimization of the treat-
ment process and significantly reduce costs.
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Evaluation of platelet microparticle content

A number of experimental methods have been used to
detect and analyze microparticles of platelet origin. These
include: flow cytometry; nanoparticle trajectory analysis;
electron microscopy; atomic force microscopy, and dy-
namic light scattering [59-61].

The most informative of these methods is flow cytome-
try. This method measures elastic light scattering intensity
from a single cell or particle, sequentially passing through
the laser beam focusing zone. It subsequently processes
this data using special mathematical algorithms. In this
case, the characteristics of frontal and lateral light scat-
tering provide an idea of the size and structure of the cell.
It also considers the level of fluorescence of chemical
compounds included in the cell. This method requires the
use of rather complex and expensive equipment. It also
requires a large amount of time to be spent on prepara-
tion and analysis, so it is of little use for rapid screening of
platelet concentrates.

Dynamic light scattering (DLS) was proposed as an
express method for the rapid control of microparticle
content in platelet concentrates. It is a rather effective
method for measuring the size and size distribution of
particles in a liquid. In DLS analyzers, the time depend-
ence of the intensity of laser radiation scattered by
particles suspended in the liquid is directly measured.
Based on this dependence, the distribution of particles
in the coordinates “particle diameter — relative intensity
of radiation” scattered by particles of a given diameter
(intensity distribution) is reconstructed. Two areas can
be distinguished in such distributions: in the interval
from 0.05 to 0.5 pm, corresponding to microparticles;
and in the area from 1 to several pm, corresponding to
platelets. This principle is the basis for the evaluation
of platelet concentrates using a specialized DLS ana-
lyzer ThrombolLUX produced by the Canadian company
Lightintegra Technology [59].

When using the ThrombolLUX technique with the
tested platelet concentrate, three measurements are per-
formed: at 37°C; cooling to 20°C; and reheating to 37°C.
The study by Maurer-Spurej E. et al. demonstrated the
result of measurements of particle distributions by mean
of the DLS method [27]. It was found that upon cooling
from 37°C to 20°C, the proportion of platelets decreased
from 72 to 65%, while microparticles increased from 26
to 31%. Reheating to 37°C restored the former ratio of
microparticles and platelets.

The ThrombolLux method has been shown to cor-
relate well with flow cytometry and electron microscopy
data [59]. The content of microparticles can be a fairly
versatile indicator used to assess the quality of platelets in
the concentrate. In an experimental study [18], a scheme
for selecting the optimal platelet concentrate for different
categories of patients was shown based on the analysis
of a large number of data. In particular, the ThromboLux
technique has been used in the USA and Canada for the
comparative analysis of the quality of PCs obtained from
different donors or by different methods from the blood of
one donor [60].

Microparticles in platelet concentrates have recently
been studied using a versatile DLS analyzer, the Malvern
Zetasizer [61]. This instrument collects scattered radiation
at an angle of 173° (backscattering technology), enabling
measurements to be performed for low-transparent sam-
ples. Particle distributions measured for undiluted platelet
concentrates are the most informative. Figure 1 shows
the scattered intensity distributions of microparticles and
platelets measured under the above conditions. Three
measurements were made for each of the samples stud-
ied. The first measurement was made at a temperature
of 37°C, characterizing the initial state of the concentrate.
The second measurement characterizes the resistance
of platelets to temperature stress, i.e. activation when the
temperature is lowered to 20°C. The third measurement
was performed after increasing the temperature from 20
to 37°C, its results allowed the ability of platelets to re-
cover from stress to be assessed.

The data presented in Figure 1 shows a large propor-
tion of microparticles in PC at 20°C (green line), and its
decrease when heated to 37°C (blue line). Labrie A. et
al. analyzed platelet concentrates obtained by different
methods: by apheresis; from platelet-enriched plasma;
and from leukocyte-phosphorus film. The measured size
distributions of microparticles clearly show peaks corre-
sponding to exosomes (smaller particles with a diameter
not exceeding 100 um) and microparticles of platelet ori-
gin [59]. However, depending on the method of PC pro-
duction, the positions of these peaks on the scale of par-
ticle diameters differ markedly [60].

In recent years, technologies for the preparation,
processing, storage, and use of PCs have developed in-
tensively. They now require new methods for assessing
the quality and safety of blood components which meet
modern standards [59-63]. The method of microparticle
detection in PCs as one of the possibilities to preserve
their quality characteristics and safety during subsequent
transfusions is shown in Fig. 2.

Figure 2 shows the steps required to routinely man-
age platelet supply in a blood bank: a sample is obtained
from the platelet concentrate; the sample is loaded into a
capillary for DLS measurement; a DLS test is performed
to identify microparticles; and the reported microparticle
content then used to identify activated platelets. It takes
the average user 3 min 23 s to prepare the DLS system
for the test, obtain and test the sample according to the
protocol, and then label the platelet bag. The focus of
this protocol is to determine the composition of particles
present in platelet transfusions and to use microparti-
cles as biomarkers of platelet activation. Platelet transfu-
sions are labeled as inactivated or activated based on
a threshold of 15% microparticle percentage. Towards
the end of the shelf life, an increase in the number of
circulating platelet-derived MPs is noted in the PC. This
indicates excessive platelet activation and/or apoptosis
and loss of platelet functional activity, ultimately leading
to a decrease in the expected therapeutic effect of the
PC. Determination of the number of platelet-derived MPs
by DLS method may be a promising method for assess-
ing the quality of PC.

MEOVLIHA OKCTPEMATTBHBIX CUTYALIAI | 2024, TOM 26, Ne 4



Intensity, %

0 T — T

OVERVIEW | HEMATOLOGY

0.1 1

100 1,000 10,000

Size, nm

The figure is based on the authors’ use of data from references [59]

Fig. 1. Scattered intensity distribution of microparticles and platelets in platelet concentrate
Note: red color — at a temperature of 37°C (initial state); green color — at a temperature of 20°C; blue color — after increasing the temperature from 20 to 37°C.
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Fig. 2. A method for detecting the content of microparticles which permits differentiation between activated and non-activated platelet concentrates [60]

A promising development is the use of a domestic
technique involving dynamic light scattering. This tech-
nique analyzes the content of microparticles in platelet
concentrates as one of the criteria for quality control of
blood components. Modern analysis will perform rou-
tine screening of microparticles in platelet-rich plasma or
platelet concentrates, with validation of the results, lead-
ing to the formation of a conclusion on the possibility of
using PC for subsequent transfusion.

CONCLUSION

With the development of modern technologies, the
search for new methods to determine the quality and
safety of blood components, including platelet concen-
trates, is becoming increasingly important. For routine
screening of PC, a rapid and non-invasive test can be
performed. Its purpose is to evaluate the characteris-
tics of those platelets which are important for the re-
cipient. The parameter to be investigated could be the
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