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Platelet aggregation under the conditions of vortex flow in vitro
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ABSTRACT

Aim. To compare the effect of increased concentrations of aggregation inducers (five-fold addition) under standard
conditions and under the conditions of vortex flow in vitro on platelet aggregation in patients with chronic heart
failure (CHF).

Materials and methods. The study included 28 patients. The activity of platelet aggregation in platelet-rich plasma
(PRP) was evaluated according to light transmission curves (%) and the average size of aggregates (relative units
(rel. units)). The aggregation inducer was added once at 10 seconds of the study (standard procedure) and five times
at 10 seconds, 1, 2, 3, and 4 minutes of the study with a constant stirring rate of 800 rpm. The same parameters were
evaluated under the conditions of vortex flow, which was created by changing the stirring rate of the PRP from
800 rpm to 0 rpm and again to 800 rpm by pressing the centrifugation button on the analyzer.

Results. In the course of the study, the size of the aggregates increased in patients with CHF only under the
conditions of vortex flow. When a collagen aggregation inducer was added both at the concentration of 2 mmol / 1
and 10 mmol / 1, platelet aggregation parameters increased under the conditions of vortex flow. During the study
of epinephrine-induced platelet aggregation in patients with CHF, an increase in the aggregation parameters was
revealed, both at five-fold addition of the inducer and under the conditions of vortex flow compared with the
standard method.

Conclusion. The proposed methodological approaches to creating the conditions for vortex flow in vitro and
to five-fold addition of epinephrine showed an increase in the size of the aggregates and the degree of platelet
aggregation. Collagen-induced aggregation under the conditions of vortex flow revealed 7 (25%) patients with high
residual platelet reactivity (HRPR), and epinephrine-induced aggregation detected 15 (54%) patients with HRPR.
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Arperauyuna Tpom6oLMTOB B YCI0OBUAX <BUXPEBOro» NOTOKa in vitro
y NauMeHTOB C XPOHNUYECKON cepieHHON He,0CTaTOYHOCTbIO

Tpy6aueBa O.A., Konorpusosa WU.B., CycnoBa T.E., CBapoBckas A.B., FapraHeeBa A.A.

Hayuno-uccneoosamenvcruii uncmumym (HUH) xapouonocuu, Tomckuli HAYUOHATbHBIT UCCTE008AMENbCKULL

meouyunckuil yewmp (HUMI]) Poccutickoii akademuu Hayk

Poccus, 634012, 2. Tomck, yn. Kueeckas, 111a

PE3IOME

I_Ie.m, — CPaBHUTECIBbHOC U3YYCHUE BIIUAHUSA TTOBBIIIICHHON KOHICHTpalu MHAYKTOPOB arperainu npu nsaTukpar-
HOM Z[O6aBJ'IeHI/II/I B CTAaHAAPTHBIX YCJIOBUSAX U B YCIIOBUAX «BUXPEBOI'0» IMMOTOKA in vitro Ha arperanuro TpOM60HPI-
TOB y NAalUCHTOB C XpOHPI‘IGCKOfI cepael{Hoﬁ HEAOCTATOYHOCTBIO.

Marepuajbl # MeToAbl. B uccienoBaHne BKIOUCHBI 28 MAllMEHTOB. AKTHBHOCTD arperaiid TpOMOOLMTOB B
6oraroii TpombormTamu 1rasme (BTII) onenmBamm mo KpuBBIM cBeTompomyckaHus (%) M CpeqHero pasmepa
arperataM (B OTHOCHTEJIBHBIX €JMHMIAX, OTH. ¢i.). OmpeneseHne MPOBOJHIN C WHAYKTOPOM arperauyu IpH
OJIHOKpaTHOM J100aBneHuu Ha 10-if ¢ uccnenoBanus (CTaHzapTHAs METOIMKA) M IIPH ISATUKPATHOM JOOABICHUH
uHaykropa Ha 10-it ¢, 1, 2, 3 u 4-if MUH HCCcleOBaHMs, [PU MOCTOSHHOM HEPEMEIIMBAHUH CO CKOPOCTBIO
800 00/MuH. DTH e mapameTpbl OLCHHMBAIM B YCIOBHSAX «BHXPEBOr0» IMOTOKA IUIA3MBI, YTO JOCTHUTAIOCH
n3MeHenueM ckopoctu nepememmmBanus bTII ¢ 800 no 0 06/MuH 1 BHOBB 10 800 006/MUH € TIOMOIIBIO KHOIIKH
BBIKJIIOUCHHS M BKIIOUYCHUS LICHTPU(YrHpOBaHUs HA aHAIM3aTOpeE.

PesyabTaTthl. B xo/e MPOBEIEHHOTO HCCIEIOBAHUS y TAIMEHTOB YBEIWYMIICS Pa3Mep arperatoB TOJIBKO B
YCIOBHAX «BHUXPEBOTO» MOTOKa. Ilpu noGaBleHMM WHIYKTOpa arperalnuy KoJulareHa Kak B KOHIEHTpaluH
2 MMOJIB/1T, Tak 1 10 MMOJIB/JTT TIOKa3aTeH arperaiy TPOMOOLUTOB YBEIHIMINCH B YCIOBHSIX «BHXPEBOTO» I10-
Toka. B Xoze uccnenoBanus s3MuHEPPUH-NHIYITUPOBAHHOM arperarun TpoMOOIUTOB y MAllMEHTOB BBISBUIIN BO3-
pacTaHue napaMeTpoB arperaiuu, Kak Mpy MATUKPATHOM 00aBIeHUH HHAYKTOPA, TaK U B YCTOBUSAX «BUXPEBOTO
MOTOKA 10 CPABHEHUIO CO CTAHJAPTHOM METOJUKOM.

3axioyenne. IIpennoxeHHble HAMH METOJMYECKHUE IIOAXOABI IO CO3JAHUIO YCIIOBUH «BUXPEBOIO» IOTOKA
in vitro M 1O TATHKPaTHOMY J00aBJICHHs] MHAYKTOpa dNHHEe(pHHA MOKa3all yBEJIMYCHHE Pa3MEpOB arperaton
W CTeNeHH arperanuu TpomoOoruToB. KoiareH-uHIylMpoBaHHas arperanusi B yCJIOBUSIX «BHUXPEBOTO» ITOTOKA
M03BOJIMJIA BBISIBUTE 7 (25%) MalMEeHTOB ¢ BBICOKOH OCTATOYHOH PEakTUBHOCTHIO TPOMOOIMTOB, a dNHHE(PUH-
nHaynupoBanHas — 15 (54%) nanueHTos.

KunroueBble cioBa: arperanusi, TpOMOOINT, KOJJIAreH, SITHHE(PPHH, XPOHUUECKask cepAedHasi HeA0CTaTOUYHOCTb,
OCTAaTOYHAsI PEaKTUBHOCTh

KOH('I).]'IMKT HHTEPECOB. ABTOpBI JCKIIApUPYIOT OTCYTCTBHUC SABHBIX U NOTCHIHUAIbHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IHKaHHCﬁ HaCTOS[H.[efI CTaTbU.

HUcrounuk ¢unancupoBanusi. VccnenoBanue BBINOIHEHO B pamkax mnouckoBoit tembl HUU kapamosnoruu
AAAA-A20-120041090007-8.

CooTBeTcTBHE NMPHHUHUIAM 3THKH. Bce manmenTsl moamucanu MHOOPMUPOBAHHOE COTJIAacHE Ha ydacTHE B
nccnenoBanun. lccnenoBanne on00peHO JTOKalnbHBIM 3THYecKMM komutetoM HWU kapamomormu Tomckoro
HUML (mpotoxon Ne 139 ot 18.11.2015).

Js nutupoBanusi: Tpy6aueBa O.A., Komorpusosa U.B., Cycnosa T.E., Caposckast A.B., 'apraneeBa A.A.
Arperaryst TpOMOOLIUTOB B YCIOBHSX «BHXPEBOTO» MOTOKA i1 Vitro y TMAI[MEHTOB C XPOHUYECKOH cepaedHOil He-
JIOCTATOYHOCTBI0. Bronemens cubupcrou meduyunsl. 2022;21(2):122—128. https://doi.org/10.20538/1682-0363-
2022-2-122-128.

INTRODUCTION

Cardiovascular diseases (CVDs) are the main
cause of morbidity worldwide, while chronic heart
failure (CHF) is a progressive disabling condi-
tion with a high mortality rate. Despite advances
in treatment, patients with CHF have an increased

risk of thrombosis. The causes of thrombosis in pa-
tients with CHF include impaired hemodynamics,
changes in rheological properties of the blood, co-
agulation disorders, and increased platelet activity.
Platelets are crucial for the development of blood
clots in blood vessels [1, 2]. In case of vascular le-
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sions, pathological activation of platelets may oc-
cur, leading to uncontrolled growth of a blood clot,
which causes subsequent ischemic events. High re-
sidual platelet reactivity (HRPR) in patients is as-
sociated with the development of ischemic events,
which has been proven in numerous studies and
meta-analyses [2—6].

The mechanisms of platelet aggregation are inves-
tigated by standard methods without taking into ac-
count turbulence or vortex flow. However, in cardio-
vascular pathology, the rheology of the blood changes,
and vortex flow has strong prothrombotic effects. The
adhesion of several platelets creates a snowball effect,
inducing pronounced platelet aggregation with high
residual reactivity, which results in rapid vessel occlu-
sion. It is known that the gold standard and the most
accessible method for assessing platelet aggregation
is light transmission aggregometry (LTA), which an-
alyzes aggregation by light transmission curves and
aggregate sizes [6]. However, the sensitivity of the
methods currently used in routine practice for assess-
ing residual platelet aggregation is insufficient [7].
Therefore, there is a need to search for new promis-
ing methods for the diagnosis of increased proaggre-
gant potential of platelets for preventing thrombosis.
Thus, the study of platelet aggregation in patients with
CVDs under the conditions of vortex flow in plate-
let-rich plasma (PRP) is relevant. Knowledge in this
research area is relevant both for clinical and funda-
mental medicine, as well as for development of new
diagnostic methods.

The aim of the study was to compare the effect
of increased concentrations of aggregation inducers
(five-fold addition) under standard conditions and un-
der the conditions of vortex flow in vitro on platelet
aggregation in patients with CHF.

MATERIALS AND METHODS

A single-stage cross-sectional study was conduct-
ed. Recruitment of patients was carried out at the
Cardiology Research Institute upon planned hospi-
talization in the Department of Myocardial Pathology
(under the guidance of Professor A.A. Garganeeva) in
accordance with the principles of the Declaration of
Helsinki. The study included 28 patients aged 41-83
years (18 men and 10 women). Inclusion criteria:
stable coronary artery disease in combination with
functional class (FC) I-1II CHF according to the New
York Heart Association classification and continuous
use of antiplatelet therapy for 6 months. All the ex-
amined patients received regular combination therapy

in accordance with modern recommendations for the
treatment of coronary artery disease with comorbid
CHF. Laboratory and instrumental research meth-
ods were used in all patients in accordance with the
recommendations for the diagnosis and treatment of
coronary artery disease with comorbid CHF. Exclu-
sion criteria: non-adherence to therapy; acute vascular
complications which occurred no later than 6 months
ago; severe concomitant pathology; clinical and labo-
ratory signs of acute inflammation; atrial fibrillation;
high-grade ventricular arrhythmia according to the
Lown grading system; and refusal to participate in the
study.

A special study on assessing platelet aggregation
was carried out using the Born method as modified by
Z.A. Gabbasov on a laser two-channel analyzer (220
LA, Biola Scientific, Russian Federation). To isolate
a suspension of human platelets, peripheral venous
blood was used, collected in the morning on an emp-
ty stomach in a 7 ml vacuum tube with 3.8% sodium
citrate as an anticoagulant, with a 6:1 blood / antico-
agulant ratio.

Experimental values of light transmission were
determined for each patient’s blood sample, where
platelet-poor plasma is taken as 0%, and platelet-rich
plasma is taken as 100% aggregation in this patient,
Platelet aggregation activity in platelet-rich plasma
was evaluated by light transmission curves (%) and av-
erage size of aggregates (in relative units (rel. units)).
The aggregation inducer was added once at 10 sec-
onds of the study (standard procedure) and five times
at 10 seconds, 1, 2, 3, and 4 minutes of the study with a
constant stirring rate of 800 rpm. The same parameters
were evaluated using the method for studying plate-
let aggregation under the conditions of vortex flow,
which was created by a five-time change in the stirring
rate of platelet-rich plasma from 800 rpm to O rpm and
again to 800 rpm, with five-fold centrifugation on the
analyzer for 10 seconds, 1, 2, 3, and 4 minutes with
a delay of 10 seconds. The five-fold addition of the
inducer and creation of vortex flow conditions with
changes in the stirring rate were selected experimen-
tally. Collagen and epinephrine (Helena, Great Brit-
ain) were used as natural inducers at concentrations
of 2 mmol / 1 (standard procedure) and 10 mmol / 1
(with five-fold addition of 2 mmol / I of the inducer at
10 seconds, 1, 2, 3, and 4 minutes of the study).

Statistical data processing was carried out using
SPSS (version 19) and Statistica 10.0 software pack-
ages. The Shapiro — Wilk test was used to assess the
distribution of quantitative variables. The distribution
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of quantitative aggregation parameters did not follow
normal distribution; the aggregation data were pre-
sented as the median and the interquartile range Me
(Q,; O,). The significance of the differences for paired
or dependent samples was evaluated using the Wil-
coxon T-test. The differences between the samples
were considered statistically significant at p < 0.05.

RESULTS

Among the recruited individuals, patients with
functional class III angina pectoris prevailed (15
(53%) patients); functional class II was established in
11 (30%) cases, functional class I — in 2 (7%) cas-
es. In the anamnesis, 8 (29%) patients had a Q-wave
myocardial infarction (MI) > 6 months before. In most
cases, patients included in the study were diagnosed
with multivessel coronary artery disease (22 (79%)
patients). Cardiovascular risk factors were also wide-
spread among the patients: smoking —in 17 (61%) pa-
tients, overweight and obesity — in 22 (78%) patients,
arterial hypertension — in 20 (71%) patients, dyslip-
idemia — in 13 (46%) patients, type 2 diabetes — in
13 (46%) patients.

In the course of the study in patients with CHF,
spontaneous platelet aggregation indices determined
by the standard method were 3.1 (1.5; 4.0) % and
1.7 (1.1; 2.0) relative units. Under the conditions of
vortex flow, only the size of the aggregate significant-
ly increased to 5.4 (3.2; 6.1) relative units (p = 0.04).
The size of the aggregates in patients with cardiovas-
cular pathology should not exceed 4 relative units;
an increase in the parameter indicates HRPR. When
assessing spontaneous platelet aggregation in vortex
flow in terms of the aggregate size, 5 (18%) patients
with HRPR were identified among the CHF patients.

The degree of platelet aggregation and the size of
the aggregates in patients with CHF with the addition
of collagen at a concentration of 2 mmol / | (stan-
dard procedure) were 9.3 (2.1; 65.4) % and 3.1 (1.9;
10.1) relative units, respectively. When the stirring
rate changed from 800 rpm to 0 and then to again 800
rpm, the aggregation rate significantly increased to
47.9 (40.6; 95.0)% (p = 0.00), and the size of the ag-
gregates was 3.8 (1.3; 10.7) relative units. However,
these parameters did not exceed the reference values
(up to 50% for the degree of aggregation and up to 4.5
relative units for the size of aggregates).

Under the conditions of five-fold addition of col-
lagen at 10 seconds, and 1, 2, 3, and 4 minutes of the
study, no significant changes were observed, and the
parameters were 22.3 (17.3; 89.6)% for the degree of

aggregation and 6.42 (2.1; 39.8) relative units for the
size of the aggregates. Under the conditions of vor-
tex flow, the parameters of collagen-induced plate-
let aggregation increased, the degree of aggregation
amounted to 80.1 (13.5; 165.0) % (p = 0.04), and the
size of the aggregates increased to 32.9 (1.1; 43.7)
(» = 0.00) relative units. According to the results of
the study on collagen-induced aggregation in pa-
tients with CHF under the conditions of vortex flow,
7 (25%) patients with HRPR were identified, whereas
with five-fold addition of the inducer, no significant
differences were identified compared with the stan-
dard method.

The parameters of standard epinephrine-induced
platelet aggregation in patients with CHF at the in-
ducer concentration of 2 mmol / |1 were 46.7 (35.8;
66.2)% for the degree of aggregation and 15.0 (11.4;
18.9) relative units for the size of the aggregates. With
a change in the stirring speed (800 rpm — 0 rpm —
800 rpm), the parameters significantly increased to
52.7 (41.3; 76.5)% (p = 0.00) and 19.4 (17.3; 20.6)
(p = 0.04) relative units, respectively.

Under the conditions of five-fold addition of epi-
nephrine, only the degree of aggregation significant-
ly increased and amounted to 52.5 (41.9; 74.5)%
(p = 0.03), while the size of the aggregates remained
unchanged and amounted to 15.8 (12.2; 18.4) relative
units (p = 0.02). Under the conditions of vortex flow,
the parameters of epinephrine-induced aggregation
significantly increased. The degree of aggregation was
75.4 (62.0; 80.5)% (p = 0.04), while the increase in the
size of the aggregates was multiple and reached 356.0
(230.5; 462.5) relative units (p = 0.03). Thus, during
the study of epinephrine-induced platelet aggregation
in patients with CHF, we revealed an increase in ag-
gregation parameters, both with five-time addition of
the inducer, and under the conditions of vortex flow
compared with the standard method. As a result of
the study, HRPR was detected in 15 (54%) patients,
which was the largest number of detected HRPR cases
among all the methodological approaches used.

DISCUSSION

Significant changes in platelet aggregation param-
eters obtained during the study, with five-fold addi-
tion of the inducer and under the conditions of vortex
flow, compared with the standard technique, indicate
the need to study new methodological approaches to
assessing platelet aggregation and identifying patients
with residual platelet reactivity to prevent possible
ischemic events in CHF patients. Modern therapy in
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a hospital setting is very expensive, so the search for
simple and inexpensive diagnostic tests is becom-
ing more relevant. Discussion about the relevance of
studying platelet aggregation in patients with CHF is
still going on, which determines the need for further
research in this area [5, 8, 9].

The present work was an open, single-center,
cross-sectional study. We have shown that standard
methods for studying platelet aggregation are not
always sufficient to identify HRPR. The use of in-
creased concentrations of epinephrine with five-fold
addition during the research at 10 seconds, 1, 2, 3, and
4 minutes of the study and the use of spontaneous, col-
lagen- and epinephrine-induced platelet aggregation
under the conditions of vortex flow with a change in
the stirring rate (800rpm — Orpm — 800rpm) increase
the accuracy of aggregation assessment in detecting
HRPR in patients with CHF. The results of several in-
dependent meta-analyses involving more than 10,000
patients showed that HRPR was associated with a sig-
nificant increase in the incidence of MI, stent throm-
bosis, and death from CVDs [1, 2, 4].

Blood circulating in the vessels under the condi-
tions of a pressure drop impacts blood cells and blood
vessel walls [10]. The blood flow is laminar, with a
maximum velocity in the center of the vessel lumen
and zero velocity at the vessel wall [11]. Biomechan-
ical forces created by the blood pressure are crucial
for aggregation or separation of the main components
involved in blood clotting. Within normal hematocrit
levels (~ 40%), erythrocytes mainly circulate along
the central axis of the blood vessel due to axial migra-
tion. Consequently, platelets move in close proximity
to the vessel walls, which facilitates their binding to
adhesive ligands in the reactive endothelial layer in
damaged regions of the vessel [11-13]. Under physi-
ological conditions, the flow of blood in large arteries
is laminar, but arterial stenosis due to atherosclerotic
lesions or pre-existing blood clots can alter the blood
flow [8, 10, 14, 15].

Over decades of study, it has been established that
platelets are crucial for blood clot formation in healthy
and pathologically altered blood vessels. When the
integrity of the vessels is impaired, circulating plate-
lets linger at the site of injury, where they aggregate,
forming hemostatic thrombi, thereby preventing fur-
ther bleeding. However, under the conditions of turbu-
lence or vortex flow, transient aggregates are formed
without prior activation or shape change, which stabi-
lizes discoid platelet aggregates and leads to uncon-
trolled growth of unstable and weakly adhered throm-

bi, which, in turn, can clog a blood vessel or embolize
it, causing subsequent ischemic events [16].

The molecular processes that cause pathological
blood clotting are in many ways similar to the pro-
cesses that control physiological blood clotting. The
biggest problem of antiplatelet therapy is differentia-
tion between pathological and physiological platelet
responses. Currently, antiplatelet drugs that are avail-
able on the market are not effective against targeted
pathological blood clots without impairment of normal
hemostasis. Transition from laminar to vortex blood
flow, occurring in the bloodstream, leads to platelet
aggregation in atherosclerosis. The turbulent blood
flow in clogged blood vessels can be two times faster
than in healthy vessels. The use of vortex flow in the
microenvironment of a blood clot allows to differenti-
ate between thrombosis and physiological hemostasis
and develop selective antiplatelet therapy.

It should be noted that modern antiplatelet thera-
py fails to selectively prevent pathological thrombosis
without interfering with the physiological hemosta-
sis. One of the significant differences between these
two processes is the difference in the types of blood
flow in the vessels, and the pathological turbulent
blood is identified in pathological blood clots at the
sites of vascular occlusion or atherosclerotic plaque
rupture [17]. It is known that no existing, clinically
used antiplatelet drug is able to specifically respond
to this biomechanical force at the site of pathological
thrombosis. Aspirin, which is the gold standard for
antiplatelet therapy, cannot completely inhibit plate-
let aggregation, as shown in numerous studies [18,
19]. In pathological blood flow, selective inhibition
of cyclooxygenase-2 can even enhance platelet ag-
gregation by reducing basal production of prostacy-
clin (prostaglandin 12; PGI 2), a powerful inhibitor
of platelet aggregation [20, 21]. To date, there are no
methods that would take into account these changes
in the blood flow. Analysis of platelet aggregation by
the aggregate size curve and the degree of aggregation
under conditions of vortex flow proves the possibility
of detecting HRPR in patients with CHF, taking into
account changes in the blood flow.

The comparison of the methods showed that five-
fold addition of the inducer and creation of vortex
flow by changing the stirring rate make it possible
to identify platelets with high residual activity and a
tendency to form large aggregates. From our point of
view, identification of HRPR by new methodological
approaches will allow to determine increased cardio-
vascular risk in patients with CHF.
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Limitations of the study include its single-stage
design and a relatively small number of examined
patients. However, the results obtained prove the
need for further studies on investigating platelet ag-
gregation and identifying HRPR in patients in order
to improve techniques and prevent cardiovascular
events.

CONCLUSION

Standard methods for studying platelet aggregation
are not always sufficient to detect an increased proag-
gregant potential of platelets, which is important for
the diagnosis and prevention of cardiovascular com-
plications. The proposed methodological approaches
to creating the conditions for vortex flow in vitro and
to five-fold addition of epinephrine in collagen-in-
duced and epinephrine-induced aggregation showed
an increase in the size of the aggregates and the degree
of platelet aggregation, which proves the prospects of
these methodological approaches for detecting HRPR
in patients with CHF.
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