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High residual platelet aggregation in patients with coronary artery disease:
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ABSTRACT

Aim. To develop a new methodological approach to assessment of collagen-induced platelet aggregation in patients
with coronary artery disease (CAD) and to determine the quality of various methods for detecting high residual
platelet reactivity (HRPR) to predict the risk of myocardial perfusion disturbance.

Materials and methods. 36 patients (10 men and 26 women) aged 41-83 years and having stable CAD were
examined. All patients had been undergoing continuous antiaggregation therapy for 6 months. We evaluated
platelet aggregation using a laser analyzer with collagen as an aggregation inducer by the standard method 1 and
our own patented method 2. The degree of platelet aggregation (%) and the size of aggregates in relative units (r.u.)
in platelet-rich plasma were estimated. Myocardial perfusion scintigraphy with 99mTc-methoxy-isobutylisonitrile
was performed according to a two-day stress-rest protocol. The summed stress score (SSS) values were used for
analysis. SSS <4 was regarded as normal myocardial perfusion.

Results. The degree of platelet aggregation according to method 1 was 12 (5; 64)%, the aggregate size was 3 (2; 7)
r.u. The degree of platelet aggregation according to method 2 was 44 (13; 78)%, and the aggregate size was 5 (4; 8)
r.u. Method 2 allowed to diagnose the presence of myocardial ischemia with an aggregation degree > 44.9% with
sensitivity of 84% and specificity of 92% (area under the curve (AUC) = 0.89; p < 0.0001; odds ratio (OR) 2.18;
95% confidence interval (CI) 0.57-0.98) and an increase in aggregate size > 4.80 r.u. with sensitivity of 84% and
specificity of 84% (AUC = 0.95; p < 0.00001; OR 5.83; 95% CI 0.72-0.99).

Conclusion. In patients with CAD, the detection of high rates of collagen-induced platelet aggregation using the
patented technique is associated with the risk of impaired myocardial perfusion. The developed new methodological
approach to detection of HRPR allowed to determine high risk of atherothrombotic complications in additional
22% of the examined patients.
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PE3IOME

Ieas — pazpaboTaTh HOBBIH METOAMYECKUIT MOAXO/ K OIIEHKE KOJUIareH-NHYIUPOBAHHOM arperaiuy TpoMOonu-
TOB y MAIMEHTOB ¢ UmemMudeckor 6onesnsio cepaua (MBC) u onpenennts HHPOPMATHBHOCTE METO/IMK BEISIBIIE-
HUS BBICOKOH OCTaTOYHOW PEaKTHMBHOCTH TPOMOOLMTOB IJIsI HPOTHO3UPOBAHMS PHCKA HApYIICHNS MUOKapIu-
anpHOM nepdy3un.

Martepuannl u Meroabl. O6cnenoBansl 36 manueHToB (10 My>kunH U 26 >xeHIIWH) B Bo3pacte 41-83 net co
crabmeHOH opmoit UBC, Haxoasmuxcst Ha HeMPEpbIBHOM aHTHATPETalliOHHOM Teparuy B TeueHne 6 mec. O1eH-
Ky arperaniy TPOMOOLIMTOB IIPOBOAMIN HA Ja3epPHOM aHAIHM3aTOpe C MHAYKTOPOM arperaniy KOJUIareHOM IO
CTaHJapTHOH MeToAnKe 1 ¥ 10 COOCTBEHHOH 3aaTCHTOBAaHHON MeToAuKe — MeToauke 2. OIeHHBaIN CTETICHb
arperaruu TpomboruToB (%) 1 pasMmep arperatoB (OTH. €11.) B CycHeH3uH TpoMOonuTos. [lepdy3nonnyio cuuH-
turpaduio Muokapaa ¢ 99mTc-MeTOKCH-N300y THIIN30HUTPUIIOM BBITOJIHSIN O ABYXTHEBHOMY IIPOTOKOIY «Ha-
rpy3Ka — nokoii». J{is ananusa ucnoip3oBany 3HadeHus SSS, npu SSS < 4 nenany BEIBOJI O HOPMaJIbHOIM MHOKap-
JUANBHOHN nepQy3un.

PesyabTaThl. CTenens arperanuu TpoMOOLUTOB Mo MeToAuke 1 cocraBuna 12 (5; 64)%, pa3mep arperara —
3 (2; 7) otH. en. CtemneHs arperanuy TpoOMOOIUTOB Mo MeToauke 2 coctaBuina 44 (13; 78)%, a pa3mep arperara —
5 (4; 8) otH. ex. Metonuka 2 Mo3BONMIIA AUATHOCTUPOBATh HAJIWYME HApYIICHUH MHOKapAuambHOU mepdy3un
MIPHU CTETIEHN arperauu >44,9% c¢ 4yBCTBUTENbHOCTBIO 84% n cnienududanocTsio 92% (AUC = 0,89; p < 0,0001;
otHomenue mancos (OLII) 2,18; 95%-it nosepurensusiit uatepsan (W) 0,57-0,98) u yBenudeHne pazMepoB arpe-
ratoB >4,80 OTH. efI. ¢ YyBCTBHTENIBHOCTBIO 84% U cnenuduunocTsio 84% (AUC = 0,95; p < 0,00001; OIL 5,83;
95%-it AN 0,72-0,99).

3aki04yenne. Y MalyeHToB C HIIEMUYECKOH OOJIE3HBIO cepAla BhISBICHHE BHICOKHMX MOKa3aTelled KoJIareH-nH-
IyIUPOBAHHOM arperaluy TPOMOOIMTOB C IIOMOIIBIO 3aIIaTEHTOBAaHHOW METOIMKHU aCCOLIMUPYETCS C PHCKOM Ha-
PYLICHUST MHOKapHaNbHOH nep@y3un. PaspaboTaHHbIH HOBBIN METOANYECKHI TTOIXO0]] 110 BBISIBICHUIO BBICOKOIT
OCTaTOYHON PeaKTUBHOCTU TPOMOOLIUTOB IO3BOJIMII OIPEAEIUTh HATUYKME BBICOKOTO PUCKA PAa3BUTHS aTEPOTPOM-
OOTHYECKHX OCIIOKHEHHH OMOIHHUTEIBHO Y 22% 00CeI0BaHHBIX MAI[MEHTOB.

Kurouesble ciioBa: arperanus, TpOMGOI.II/IT, KOJUIar€H, MIeMu4ecKas 00J1e3Hb cepana, octaTo4Has pEaKTUBHOCTbD.
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INTRODUCTION

Coronary artery disease (CAD) remains the most
common disease of the cardiovascular system, with a
high risk of vascular events and death. High residual
platelet reactivity (HRPR) in CAD patients is asso-
ciated with development of ischemic complications,
which was proven by numerous studies and me-
ta-analysis data [1, 2]. However, in the daily practice
of a cardiologist, platelet function is not evaluated due
to a weak evidence base. Monitoring of platelet aggre-
gation is advisable only in certain clinical situations
(class IIb recommendations) [1, 2]. Nevertheless, de-
spite the recommendations, the discussion about the
routine use of platelet function testing continues. It
is known that the gold standard for assessing platelet
aggregation is light transmission aggregometry [1].
However, the sensitivity of the currently used met-
hods for assessing residual platelet aggregation is of-
ten insufficient.

In this work, along with the standard examina-
tion of patients with CAD, the assessment of HRPR
values by light transmission aggregometry using
two methodological approaches was performed.
The threshold values of platelet aggregation pa-
rameters were determined. Their relationship with
myocardial perfusion disorders was evaluated
according to myocardial perfusion scintigraphy.
Knowledge in this research area is relevant both
for clinical and fundamental medicine as well as
for development of new diagnostic methods.

The aim of the study was to develop a new met-
hodological approach to assessment of collagen-in-
duced platelet aggregation in CAD patients and to
determine the quality of various methods for HRPR
detection to predict the risk of myocardial perfu-
sion disturbance.

MATERIALS AND METHODS

A cross-sectional (single-stage) study was per-
formed. The patients were recruited on the premises
of Cardiology Research Institute in accordance with
the principles of the Declaration of Helsinki. 36
patients with stable CAD who had been receiving
continuous antiaggregation therapy for 6 months
were examined. The study included patients aged
41-83 years (10 men and 26 women). All the exa-
mined patients received regular combination thera-
py in accordance with current guidelines for CAD
treatment. Laboratory and instrumental methods of
investigation, including platelet aggregation and
ECG-synchronized myocardial perfusion scintig-

raphy, were used in all the patients in accordance
with the recommendations for CAD diagnosis and
treatment. The criteria for inclusion in the study
were stable CAD and continuous antiaggregation
therapy for 6 months (cardiomagnil, 75mg). The
criteria for exclusion from the study encompassed
non-adherence to the therapy; acute vascular com-
plications less than 6 months ago; severe comor-
bidities; clinical and laboratory signs of acute in-
flammation; serum creatinine levels higher than
120 pmol / 1; atrial fibrillation; ventricular arrhyth-
mia of high grades in the Lown grading system,
and refusal to participate in the study.

A special study to assess platelet aggregation
was performed using the Born method, modified
by Z.A. Gabbasov on a two-channel laser analyzer
220 LA (BIOLA SCIENTIFIC, Russia) using two
methods. Method 1 (standard approach): collagen
was used as an aggregation inducer; it was intro-
duced once at a final concentration of 2 umol / 1
for 10 seconds. Method 2: five-fold introduction of
collagen at 2 pmol / 1 for 10 seconds with platelet
aggregation being measured at 1%, 2", 3 and 4"
minutes of the research. The new methodological
approach is described in detail in the patent for the
invention RUS 2686700 of 01.08.2018 [4].

Peripheral venous blood with 3.8% sodium ci-
trate as an anticoagulant was used to isolate the
platelet suspension. Experimental values of light
transmission were determined for each patient’s
blood sample, where platelet-poor plasma was taken
as 100% and platelet-rich plasma was taken as 0%
of aggregation in this patient. The maximum value
of light transmission was used to determine the de-
gree of platelet aggregation (%). The average ag-
gregate size (r.u.) was used to determine the size
of an aggregate. Aggregation values determined
by the light transmission curve in the range of 45—
100% indicated HRRP in the patients.

Myocardial perfusion scintigraphy (MPS) with
99mTc-methoxy-isobutylisonitrile (99mTc-MIBI)
was performed according to the two-day stress-rest
protocol. The research was carried out on a hy-
brid 64-slice Discovery NM/CT 570c scanner (GE
Healthcare, USA), equipped with a gamma camera
with cadmium zinc telluride (CZT) detectors. An
intravenous infusion of adenosine at a dose of 140
mg / kg /min for 4 minutes was used as a stress
test. Myocardial perfusion was assessed using spe-
cialized software Corridor 4DM SPECT (INVIA,
Ann Arbor, MI, USA). According to the generally
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accepted approach, myocardial perfusion disorders
were determined by the summed stress score (SSS),
summed rest score (SRS), and summed difference
score (SDS) for the entire left ventricular myocar-
dium [5]. SSS values < 4 were regarded as normal
myocardial perfusion.

Statistical data processing was performed using
SPSS statistical packages (version 19) and Sta-
tistica 10.0. The Shapiro — Wilk test was used to
evaluate the distribution of quantitative features.
The distribution of quantitative aggregation indi-
cators did not follow the normal distribution law;
the aggregation data was represented as the median
and the interquartile range Me (Q,; O,). MPS data
were presented as an absolute value and a relative
value (n, %). The significance of differences for
paired or dependent samples was evaluated using
the Wilcoxon T-test. The nonparametric Spearman
test was used to evaluate the correlation between
variables. ROC analysis was used to determine the
sensitivity and specificity of aggregation levels in
risk stratification of adverse cardiovascular events.
The AUC value > 0.70 was considered significant.
To identify factors that have a significant impact
on the course of the disease, the odds ratio (OR)
was calculated with a 95% confidence interval
(CI). The differences between the samples were
considered statistically significant at p < 0.05.

RESULTS

In the group of the examined patients, the fol-
lowing cardiovascular risk factors were widely dis-
tributed: smoking — 27 (75 %) patients, overweight
and obesity — 14 (39 %) patients, hypertension — 31
(86 %) patients, dyslipidemia — 33 (92 %) patients,

type 2 diabetes — 12 (33 %) patients. Patients with
FC III and II angina pectoris (15 (42%) and 11
(30%) patients, respectively) predominated. In the
anamnesis, 8 (22%) patients had a Q-myocardial
infarction (MI) that occurred 6 months or more be-
fore the study. In the majority of cases, the inclu-
ded patients were diagnosed with a multivascular
lesion of the coronary arteries (30 (83 %) patients).

The study of platelet aggregation in CAD pa-
tients revealed significant differences between the
parameters of platelet aggregation and the size of
aggregates obtained during the implementation of
the standard method, as opposed to the patented
method.

Using the new methodological approach de-
veloped by us (method 2), it was found that CAD
patients showed a significant increase in the size
of aggregates and a rise in the degree of platelet
aggregation in comparison with the correspond-
ing values obtained during method 1 implementa-
tion (Table). Method 1 helped to identify HRPR
in 9 (25%) patients. When using method 2, HRPR
was detected in additional 8 (22%) patients, which
amounted to 47% of all patients.

The indications for MPS in 16 (39%) patients were
the diagnosis of CAD with pretest probability of 16—
85%, in 12 (33%) patients — assessment of myocardial
perfusion and the state of coronary stents, in 8 patients
(22%) — assessment of coronary artery bypass grafts.
According to MPS data, in 7 (19%) patients, myocar-
dial perfusion at stress was within the normal values
(SSS < 4). Minimal myocardial perfusion disturbance
(SSS 4-8) was observed in 14 (39%) patients, mo-
derate (SSS 9-13) — in 9 (25%) patients, and severe
(SSS > 13) —in 6 (22%) patients.

Table
Parameters of platelet aggregation and logistic regression of patients with CAD according to two methods
Method 1 Method 2
Parameter : -
Aggregation values Me (0 ; O,) OR 95% CI Aggregation values Me (0 ; 0.) OR 95% CI
Degree of aggregation, % 12 (5; 64) 1.46 | 0.58-0.93 44 (13; 78)* 2.18 | 0.57-0.98
Size of aggregate, r.u. 327 1.79 | 0.61-0.95 5 (4; 8)* 5.83 | 0.72-0.99

* difference between the methods with the level of statistical significance p < 0.05.

A correlation analysis showed the presence of
associations between the aggregation degree and
the size of the aggregate according to method 1 and
the value of SSS of an average-strength relationship
(r = 0.54 and r = 0.61, respectively; p < 0.002). Me-
thod 2 revealed a high-strength relationship (r = 0.78
and r = 0.61, respectively; p < 0.002).

The results of a logistic regression analysis showed
that platelet aggregation parameters obtained in meth-
od 2 were associated with an increased risk of myocar-
dial ischemia (Table).

To study and compare the diagnostic and prog-
nostic characteristics (sensitivity and specificity) of
various methods for evaluating aggregation activity,
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a ROC analysis was performed. The indicator of the
presence (absence) of myocardial ischemia was used
as a predictor. According to the results of the ROC
analysis, the study of platelet aggregation in CAD pa-
tients using method 1 revealed the presence of myo-
cardial perfusion disturbances with an increase in the
degree of aggregation > 16.6% (p < 0.0001) and the
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size of the aggregates > 2.97 r.u. (p < 0.0004). Me-
thod 2 was characterized by greater specificity. Thus,
it was shown that method 2 allowed for diagnosis of
myocardial perfusion disturbances at the degree of
aggregation > 44.9% (p < 0.0001) and an increase
in the size of the aggregates > 4.80 r.u. (p < 0.0001)
(Figure).
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Figure. ROC analysis of platelet aggregation in patients with CAD using two methods as a predictor of myocardial ischemia: a —
aggregate size (method 1), b — aggregate size (method 2), ¢ — degree of aggregation (method 1), d — degree of aggregation (method 2)

DISCUSSION

Modern therapy in a hospital setting is very ex-
pensive, so the search for simple and inexpensive
diagnostic tests is becoming more and more rele-
vant. The discussion about the feasibility of study-
ing platelet aggregation in CAD patients is still
ongoing, which determines the need for research
in this area.

The present study is an open, single-center,
and cross-sectional observation. In the conducted
study, light transmission aggregometry determined
the threshold values of aggregation parameters for
this subpopulation of CAD patients. Reaching these

parameters meant that patients had HRPR. Accor-
ding to the standard method 1, the conclusion about
the presence of myocardial ischemia can be made
at the degree of aggregation > 16.6% and the ave-
rage size of aggregates > 2.97 r.u. In the study of
aggregation by method 2, the threshold values were
44.9 % for the degree of aggregation and 4.80 r.u.
for the size of the aggregates. In addition, it was
shown that standard aggregation research methods
are not always sufficient to detect HRPR. The use
of increased concentrations of a collagen inducer,
added five times during the platelet aggregation
study, increases the accuracy of evaluating colla-
gen-induced aggregation in patients with CAD.
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Data on the relationship between the risk of
developing cardiovascular complications and in-
sufficient suppression of platelet activity in CAD
patients remain contradictory. The results of seve-
ral independent meta-analyses involving more than
10,000 patients showed that HRPR was associated
with a significant increase in the incidence of MI,
stent thrombosis, and death from cardiovascular
causes [2, 5, 6]. At the same time, there is evidence
that there is no relationship between cardiovascular
risk and HRPR in patients.

Therefore, the VerifyNow French Registry
(VERIFRENCHY) was published, where the prog-
nostic value of assessing the platelet function was
studied. The results of a one-year follow-up did
not reveal significant differences in the frequen-
cy of certain (probable) stent thrombosis, cardio-
vascular death, or MI (1,001 patients, VerifyNow
device, Instrumentation Laboratory, USA) [1]. From
our point of view, the negative results obtained in
these studies may be associated with the fact that
all currently used methods of aggregometry have
limited sensitivity, specificity, usability, and pre-
dictive value.

In accordance with the data obtained to date,
the process of formation of platelet aggregates
proceeds in the following way. Damage to a ves-
sel exposes collagen on its wall, which is both a
substrate and a strong activator of platelet aggre-
gation. Platelets adhere to the damaged endotheli-
um of the vascular wall with the help of specific
collagen receptors, which is one of the triggers
in the development of a parietal thrombus of the
coronary arteries. Subsequently, the platelets ac-
tivate one other, forming a platelet thrombus [7,
8]. Therefore, we believe that only repeated addi-
tion of the collagen inducer to platelet-rich plasma
in the study of platelet aggregation activity can
provide objective information about the presence
of HRPR in patients. The use of a new metho-
dological approach developed by us with addi-
tional introduction of a collagen aggregation in-
ducer in assessment of collagen-induced platelet
aggregation allows to obtain additional informa-
tion about the risk of myocardial ischemia, which
determines the novelty of our study.

The ROC analysis results showed that our own
patented method (method 2) is more specific for
stratifying the risk of developing myocardial isch-
emia in patients with CAD. The data obtained are
consistent with the results of studies by various

authors that confirmed the association of HRPR
with the development of adverse cardiac compli-
cations [1, 2, 5].

Comparison of methods demonstrated that re-
peated addition of a collagen inducer can detect
platelets with high residual activity and a tendency
to form large aggregates. The lack of response to
a single addition of collagen may be due to partial
activation of platelets with a tendency to subse-
quent disaggregation. Performing an aggregation
study using adenosine diphosphate (ADP) or ara-
chidonic acid as inducers may lead to a false con-
clusion about the effectiveness of antiaggregation
therapy, while in reality the propensity of plate-
lets to activate in response to interaction with the
damaged endothelium remains elevated. Current-
ly, clinical data indicate that neither acetylsali-
cylic acid nor clopidogrel in standard doses in the
absence of platelet activity control can fully gua-
rantee the effectiveness of antiaggregation thera-
py aimed at reducing the risk of recurrent acute
vascular events [5, 7]. Medications that effectively
act on collagen receptors are not currently patent-
ed and are not used.

From our viewpoint, the detection of HRPR
using a new methodological approach will not
only determine an increased cardiovascular
risk in patients, but also suggest possible rea-
sons for the ineffectiveness of antiaggregation
therapy.

Limitations of the study include its cross-sec-
tional design and a relatively small number of pa-
tients examined. However, the results emphasize
the need for further research to study the clinical
consequences of HRPR in patients with CAD and
to improve methods for primary and secondary pre-
vention of cardiovascular events.

CONCLUSION

This paper analyzes the clinical and prognostic
significance of HRPR in patients with CAD. We
showed that the detection of high rates of colla-
gen-induced platelet aggregation in the patients us-
ing our own patented method is associated with the
risk of impaired perfusion according to myocardial
perfusion scintigraphy. The study of platelet aggre-
gation showed that the newly developed method-
ological approach to detection of HRPR allowed to
determine a high risk of atherothrombotic compli-
cations in additional 22% of patients, compared to
the standard method.
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