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FEATURES OF CHANGES IN PLATELET FUNCTIONALACTIVITY  IN PATIENTS WITH
CORONARY ARTERY DISEASE AND HYPERTENSION DEPENDING ON SENSITIVITY
TO ANTIPLATELET DRUGS
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Hypertension is an urgent problem of cardiologg tuits prevalence and adverse complications.plingose of the study
was to optimize the diagnosis and treatment oepttiwith coronary artery disease and hyperterisi@ed on the researching of
functional activity of platelets and the effectiesa of antiplatelet therapy. A total of 147 patientre included, the control group
consisted of 30 people. It was determined that 6#patients treated with acetylsalicylic acid hagbaired sensitivity to treatment and
27% — to thienopyridine drugs. The most noticeaiilanges were observed in the degree of induceelgtlaiggregation with
arachidonic acid and collagen among patients rieceicetylsalicylic acid, and thienopyridines as ddenosine diphosphate — and
adrenaline-induced platelet aggregation. Givethéterogeneity of indices in groups of patients Withertension and various forms of
coronary artery disease, the study of vasculaelplahemostasis in the whole blood by express rdethakes it possible to more
accurately determine the degree of sensitivintiplatelet therapy.
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OCOBJIMBOCTI 3MIH ®YHKI[IOHAJILHOI AKTUBHOCTI TPOMBOIIUTIB
Y INAHIE€EHTIB 3 IINEMIYHOIO XBOPOBOIO CEPILIA TA T'IINEPTOHIYHOIO XBOPOBOIO B
3AJIEZKHOCTI BIJ YYTJIMBOCTI 1O AHTUTPOMBOLIMUTAPHUX ITPEITIAPATIB

lineproniuna XBopo0a € akKTyaJbHOK MPOOIEMOI0 Kapionorii, 10 MOB'S3aHO 3 I MOIMIMPEHICTIO 1 HECTPHATIHBUMH
YCKIIaTHEHHAMHU. MeToro poOoTH OyI0 ONMTUMIZYBATH JiarHOCTHKY Ta JIKyBaHHS XBOPHX Ha IIEMiYHY XBOPOOy CepLi 3 TIIepTOHIYHOIO
XBOpOOOIO Ha TICTaBl BUBYCHHS 0COOMMBOCTEH (DYHKIIOHAIBHOI aKTUBHOCTI TPOMOOIUTIB Ta €(PEeKTUBHOCTI aHTHTPOMOOIIUTAPHOTO
nikyBaHHsL. Byno Bkmodeno 147nanienTis, rpymna kontpomo — 300ci6. Buznadeno, mo 54 %xBopux, sSIKi OTpUMYBaIIH y CKJIaJi Teparii
AUETIWICATIIIOBY KHCIOTY MaJIU 3HIDKCHY Yy TIHBICTB 10 IPOBEIEHOTO JIiKyBaHHS Ta 27 % —no TieHomipuauHiB. HaifOouIsIn nomiTHI
3MIHU CIIOCTEPIrajiCh y CTYICHI 1HIyKOBaHOI arperailii TpOMOOIMTIB apaxilOHOBOI KHCIIOTOK Ta KOJIArCHOM CEepejl MAIli€HTIB, sKi
OTPHMYBAJIM ALECTUICATIIMIOBY KHCIOTY, Ta y CTyHeHi ajeHosuHmudocdar- Ta anpeHaniH-iHIyKOBaHOI arperarii TpoMOOLMTIB —
TieHOmpuMHA. BpaxoBylO04d reTeporeHHiCTh MOKA3HKKIB, Y TPyIax MALieHTiB 3 TIMEPTOHIYHOI XBOPOOO Ta PisHUME (HOpMaMu
ilmemMigHOT XBOPOOH Ceplisi, AOCIIIKEHHsT TPOMOOLMTAPHOI JIAHKKA I'€MOCTa3y eKCIPec-METOAOM Y LIbHIA KPOBi Ja€ MOXIIMBICTH
OLITBII TOYHO BU3HAYHMTH CTYIIHb Yy TAUBOCTI O AHTUTPOMOOLMTAPHOI TeparTii.

KirouoBi cioBa: rimepronidHa XBopoOa, imieMidHa XBopoOa ceprsi, TpPOMOOIMTapHHII reMocTas, YyTIHBICTH IO
AQHTUTPOMOOLIUTAPHOTO JIIKYBaHHSI

The work is a fragment of the research project: dftees of changes in coagulation systems in theodaichcourse of
coronary artery disease and hypertension, labosatamd genetic predictors of thrombotic complicasioDetermining the features of
the hemostasis system with hypertension and codnoohitions”, state registration No. 0118U001391.

Hypertension is an urgent problem of cardiologye thuits prevalence and adverse complicati@ns
15]. In the absence of complete treatment, hypertersams to coronary artery disease (CAD), hedtréai
(HF), stroke, renal failure, and early morta[ityd]. Increased attention of physicians is explainedhleyfact
that these diseases often develop in able-bodiik gmeople, significantly limiting their social érlabor
activity, exacerbating socio-economic problemsiciety [8, 11].

According to the official statistics of the Minigtof Health of Ukraine in 2017, 7,751,199 people
with coronary artery disease and 10,388,376 patigith hypertension were registered, most of whaerew
women — 6,310,243 peofld]. Atherothrombotic complications of hypertensiomyocardial infarction and
stroke, occupy a special place. Platelets playding role in the pathogenesis of these diseabaages in
their number and functional properties are accotmapany the release of vasoactive mediators thatope
local vasospasm and increase platelet aggregatioch increases the risk of thrombotic complicadifiay 3].
According to modern concepts, one of the main nrashe of development and progression of CAD is also
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the destabilization of vascular hemostasis [6]. Iysia of platelet aggregation properties allowsiidging
the risk, to predict dangerous complications of dis=ase, to perform timely preventive therapy,ctvhi
determines the relevance of studying the varioushar@sms of their adhesion and aggregation [4, 9].

Thus, timely diagnosis and correction of platelsbiers and atherothrombosis can be a guarantee of
improving the prevention and treatment of life-tteming conditions and, as a consequence, reducing
cardiovascular mortality [1].

The purposeof the study was to optimize the diagnosis aratrment of patients with coronary artery
disease and concomitant hypertension based ontubdg ef the functional activity of platelets andeth
effectiveness of antiplatelet therapy.

Materials and methods.The study included 147 patients with CAD and comtant hypertension.
Inclusion criteria in the study were hypertensiagagdoses in combination with various forms of CAD
confirmed on the basis of laboratory, clinical anstrumental data: stable angina pectoris (IIF@) and
acute coronary syndrome (ACS); written informedseo to participate in the study. Exclusion créitevere:
age less than 18 and older than 85 years, clabgdlt failure, liver, renal failure), long-termtianagulant
treatment (mechanical heart valve prostheses)naney, history of stroke and intracranial bleedtmigtory
of severe comorbidities: history of cangeb years, pulmonary tuberculosis, AIDS, HIV, aldodad/or drug
dependence, diseases that cause hemolysis oot d@lls instability, as well as acute infectidisease at
the time of examination.

Group 1 included 75 patients with CAD with concamit hypertension (stable forms), group 2
consisted of 72 patients with hypertension and A&ients in both groups received antiplateletagyein
the form of acetylsalicylic acid (ASA) at a dose7&100 mg/day, thienopyridines (clopidogrel, tichor)
and their combinations. To determine the functi@udivity of platelets, aggregometry was used tessthe
degree of spontaneous aggregation and aggregatiemtipted by arachidonic acid (ARA), adenosine
diphosphate (ADP), collagen and adrenaline. Torahite the sensitivity to antiplatelet drugs, aggregtry
by AggreGuide A-100, laser-light scattering platalggregometer when adding whole blood to the test
cartridge — AA/ADP. The result was recorded bygddtactivity index (PAI). Different degrees ofdtment
resistance with the method using indicated theevafuhe platelet index above 5.

Statistical analysis was performed on a persoralpoater using the program SPSS-23 (Sublicense
Agreement no. 138 of 04.08.2016, licensee LLC “Rasgjc Solutions”). The type of index distributioras
assessed during evaluation of each group of indi€ggussian distribution or one that differs fréma hormal
one. The normality of distribution was assesseaugiie Shapiro-Wilk test. For descriptive statsstithe
mean index values, standard deviation (SD), stdnel@or (m), 95% confidence interval for the mearav
determined. Comparison of the two independent graups performed using Student's t-test. The Mann-
Whitney U test was used to compare the two indegr@ndroups. The one-way analysis of variance
(ANOVA) with Fisher's test was used to analyzedtiferences between the mean values of severapgrou
The results are presented as meanzstandard devistisD), for data with a distribution similar t@mal.
The difference between the groups was considegedisant at 0.05.

Results of the study and their discussiornThe sensitivity to antiplatelet therapy was stddretwo
study groups: ASA monotherapy was prescribed tpdiients (45 people of group 1 and 10 people aifgro
2), thienopyridines — 32 patients (20 — group 1-X2oup 2) and a combination of both drugs weteived
by 60 people (10 patients of the first group andoBfsons of the second group). 15 people fromdta t
number of patients received ASA, both in the foinmono- and as part of combination therapy. 54% (62
patients) had a impaired sensitivity (PAI> 5) tis thntiplatelet drug. 73% (67 people) were seresitiRAl 1-

5) to thienopyridine drugs that were part of corabon therapy. It was noteworthy that in groupsndl 2
there was a decrease in sensitivity to antiplateérapy, which included ASA. In the group of patgewith
hypertension+stable forms of CAD (1) in 29 patieotd of 55 people (53%), the activity of vascular-
platelet hemostasis indicated an insufficient imemt response. In the group of patients with
hypertension+ACS (2), 33 patients out of 60 pe@p&®6) had varying degrees of impaired sensitivity.
patients receiving thienopyridines, in both studyugs, the degree of platelet activity impairemedicated
the treatment efficacy (“sensitive”). Among patgenf group 1, in 77% (23 persons) out of 30 padi¢ne
value of platelet index below 5 was registeredjlaimesults were determined in patients of group 21%
(44 patients).

During the study of spontaneous aggregation degihe "sensitive" subgroup of group 1, the degree
of spontaneous platelet aggregation exceeded ttitwvalues by 53% (1.39.47), however, no significant
difference from the control was determined (&@80) (table 1).

Table 1
Functional platelet activity in patients with stable CAD and ACS in response to antiplatelet therapy ith ASA
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Index, units of | Group Sub M D 95% confidence interval
measurement ubgroup S m lower limit | upper limit P
Degree of Control (n=30) 0.88 0.30 0.05 0.77 1.00
spontaneous |1 sensitive (n=26) 1.35 047 | 0.29 0.75 1.95 p=0.14
aggregation, %| n=55  [impaired sensitivity (n=29) 2.03* 186 | 0.34 1.32 2.74

2 sensitive (n=27) 1.89* 1.02 0.19 1.49 2.29

n=60 |impaired sensitivity (N=33) 2.09* 093 | 0.16 1.76 241 p=0.44
Degree of Control (n=30) 28.82 4.87 0.88 27.00 30.64
ARA-induced |1 sensitive (N=26) 15.10* | 9.37 | 1.83 11.32 18.89
aggregation, %| n=55  [impaired sensitivity (n=29) 2812 | 419 | 077 26.53 29.72 | p=0.0001

2 sensitive (n=27) 18.67* | 10.07 | 1.93 14.68 22.65

n=60 |impaired sensitivity (N=33) 3235 | 465 | 081 30.70 34.00 | p=0.0001
Degree of Control (n=30) 20.94 4.68 0.85 19.19 22.69
collagen- 1 sensitive (n=26) 20.73 | 1221 | 2.39 15.8 25.66
induced n=55  [impaired sensitivity (n=29) 28.12* | 10.33 | 1.95 24.11 3212 | P=0.02
aggregation, %/ sensitive (n=27) 2454 | 739 | 142 21.62 27.47

n=60 |impaired sensitivity (n=33) 29.80* | 0.79 1.87 25.99 33.64 p=0.03
Degree of Control (n=30) 18.41 9.10 1.66 15.01 2181
adrenalin- 1 sensitive (N=26) 16.08 8.9 1.74 12.49 19.68
induced n=55 [impaired sensitivity (n=29) 21.02 | 928 | 1.72 17.49 2456 | P=0.05
aggregation, %/ sensitive (n=27) 1807 | 593 | 114 15.72 20.41

n=60 |impaired sensitivity (n=33) 21.09 6.89 1.2 18.65 23.54 p=0.07

Note. * — probability of differences with the caritgroup (x0.05).

However, in the analysis of spontaneous aggregatioong patients of group 1 with impaired
sensitivity, it was shown that this degree was t8s higher than in the control group (20386).
Therefore, it was further decided to perform astoicthe functional activity of platelets separatel groups
of patients according to the degree of sensitivity.

Analyzing the spontaneous aggregation in
L.mpm «siiviy  Patients of group 2, there was noted an increase in

Error column: 95% confidence interval B Sensitive the

50 .
level of spontaneous aggregation among

patients with impaired sensitivity (2£.93). In
both subgroups, the degree of spontaneous
T aggregation was probably higher than in the control
group, without significant differences between
them (1.5 times higher in the group of patientdwit
impaired sensitivity).

We found more significant differences during
the analysis of data of ARA-induced platelet
aggregation. Thus, this degree in patients of group
1 who had a positive response to antiplatelet
0 , therapy was 52% lower than the value of the

Study groups control group (15.10.37 and 28.84.87,

Fig. 2 The degree of ARA-induced platelet aggregaamong 'E€SPECtively), while among patients with varying
groups of patients depending on their sensitivitgrtiplatelet therapy degrees of insensitivity, it did not diffthom
control values, despite the treatment with ASA 1284.19). It should be noted that a significant ddfere
was registered between the group of sensitivergatand people with impaired sensitivity — 86% 5-78; p
<0.0001). Similar values were registered in persdggoup 2 (fig. 2).

It should be noted that there were also significkférences in collagen-induced platelet aggregati
among “sensitive” patients and people with impasedsitivity. Thus, in patients of group 1 the elifince
between sensitive and impaired sensitive indivisl20.7312.21 and 28.120.33, respectively) was 35%
and reached a significant difference (F = 5.78; @02). A similar dependence was observed in patieih
group 2 — by 21% (24.9%.39 and 29:810.79, respectively; p = 0.03).

Analyzing adrenaline-induced platelet aggregatiemnoted differences, which reached a significant
difference in patients of group 1 (F = 4.03; p 85). Such dependence was not found in patientoapg.

As part of antiplatelet therapy, 61% of patients olu147 received thienopyridines (clopidogrel,
ticagrelor), both as monotherapy and in combinatidth ASA. Since we found some features in the
functional activity of platelets against ASA, it svéurther decided to perform a similar study inigyas
receiving thienopyridines.
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Among this cohort of patients, significant diffeces were observed already in the degree of
spontaneous platelet aggregation. In contrastetaldta on the background of ASA, in patients witpaired
sensitivity of group 1, spontaneous aggregation 9246 higher than the control values and 2.8 timgisen
than the obtained data in “sensitive” patients, ciwhreached a significant difference (#694 and
0.59+0.33; p = 0.03). In patients of group 2, this treathained, and the obtained data on the degree of
spontaneous aggregation probably differed froncdimérol group among both subgroups. However, thvae
no statistically significant difference between gineups (table 2).

Table 2
Functional platelet activity in patients with hypertension, stable CAD and ACS in response to antipleket therapy
with thienopyridines

Index, units 95% confidence interval
! Group M SD m — — p
of measurement lower limit | upper limit
Control (n=30) 0.88 0.30 0.05 0.77 1.00
Degree of 1 sensitive (n=23) 0.59 0.33 0.19 0.18 0.99 -0.03
spontaneous n=30 impaired sensitivity (n=7) 1.69 0.74 0.66 0.07 33 =5
aggregation, % |2 sensitive (n=44) 1.79% 08 | 0.12 1.54 2.03 _
N=62 |impaired sensitivity (n=18] 2.22* 115 | 0.27 1.65 2.8 p=0.09
Control (n=30) 34.75 5.23 0.95 32.80 36.71
Degree of ADP- |1 sensitive (n=23) 2724« | 784 | 163 23.85 30.63 —0.0001
induced n=30 impaired sensitivity (n=7) 40.43 4.83 1.82 35.95 44.9 =5
aggregation, % 2 sensitive (n=44) 28.59* 10.62 16 25.36 31.8
N=62 [impaired sensitivity (n=18] 40.38* | 6.14 | 1.44 37.32 4343 | Po0001
Control (n=30) 20.94 4.68 0.85 19.19 22.69
Degree of collagen{ 1 sensitive (n=23) 23.99 8.01 1.67 20.5 27.45 ~0.68
induced n=30 [impaired sensitivity (n=7) | 2556 | 11.14 | 4.21 15.25 35.87 =5
aggregation, % |2 sensitive (n=44) 26.66* | 10.16 | 1.53 23.57 29.75
n=62 impaired sensitivity ("=18] 26.51 | 10.56 | 2.48 21.26 31.76 p=0.9
Control (n=30) 18.41 9.10 1.66 15.01 21.81
Degree of 1 sensitive (n=23) 17.0 8.65 1.80 13.26 20.74 =0.007
adrenaline-induced| "=30 [impaired sensitivity (n=7) | 29.02 | 12.19 | 4.60 17.74 40.30 =5
aggregation, %  [2 sensitive (n=44) 19.37 6.36 | 0.95 17.43 21.30 _
N=62 |impaired sensitivity (n=18]  18.26 517 | 1.21 15.69 20.83 p=05

Note. * — probability of differences with the casitgroup (j<0.05).

Among group 2 patients who were sensitive to tipgridines, the degree of ADP-induced platelet
aggregation was 22% lower than the control (277284 and 34.785.23, respectively), in contrast to persons
with varying degrees of impaired sensitivity, in amf this level was higher by 48% (40#41383) and
exceeded the control values by 1.2 times. Therdiffee between the subgroups was statisticallyfwignt (F
=17.5; p =0.0001).

Similar changes were also reported among sengiatients of group 2: ADP-induced platelet
aggregation was 18% lower than control values @8.8.62); among patients with varying degrees of
impaired sensitivity, it was 16% higher than theitoa values (40.386.14). The difference between the
groups was 41% and reached a significant differéRce19.38; p = 0.0001). We did not find a simit&nd
in the analysis of collagen-induced platelet agaieg. The values of collagen-induced aggregatidmdt
differ among the subgroups of sensitivity in thed&d groups.

In patients of group 1, among patients with imghisensitivity, the degree of adrenaline-induced
platelet aggregation was 1.7 times higher than gntba group of “sensitive” patients, which reaclzed
significant difference (17.0f8.65 and 29.0212.19; F = 8.54; p = 0.007). Such pattern was aond in
patients of group 2.

Thus, among patients treated with thienopyridinesfound some differences among the subgroup of
“sensitive” patients and patients with impairedssrnity, the most pronounced changes were regdtéom
spontaneous, ADP-induced and adrenaline-induceelgtiaggregation (the latter among patients afigtt.

Despite the constant long-term receiving of artiiidd drugs, in some patients with CAD thrombotic
events continue to develop. In recent years, teeature has described a possible relationship degtw
residual platelet activity determined by varioukolatory tests and clinical outcome, which increabe
possibility that “resistance” to antiplatelet drugsy underlie many clinically adverse effddg]. The most
significant differences were found by us in thelgsia of the degree of ARA-induced platelet aggtiega
which in sensitive patients with stable CAD, wa&®Bwer than the control values, while among peuojille
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impaired sensitivity it did not differ from the dool group despite the treatment with ASA. It shibok noted

that a significant difference of 86% was found hestw subgroups (p <0.0001, F = 45.78). Collageneiediu
platelet aggregation also had significant diffeesnamong sensitive patients and less sensitive dhas, in
patients of group 2, the difference between semsiind less sensitive patients was 35% and reached
reliability (p = 0.02, F = 5.78). We observed aikimdependence (21%) in patients with hypertensiot
ACS. Thus, collagen-induced platelet aggregatisa hd a response to ASA. In some previous Stulis,
affects only ARA-induced platelet aggregation, afeb has some effect on collagen-induced aggregatio
which was confirmed by our studig]].

Among patients of group 2, who according to theres® method of laser-light scattering platelet
aggregometry in whole blood responded to theraply thienopyridines, the degree of ADP-induced [gate
aggregation was 22% lower than the control in eshtto patients with impaired sensitivity, in whainis
level was higher by 48% and exceeded the valugeotdntrol group by 1.2 times. Similar changes \aége
found in sensitive patients of group 2: ADP-indugdatelet aggregation was 18% lower than the cbhntro
among patients with impaired sensitivity it was 1Bfgher than the control values. The differencevben
the groups was 41% and was statistically signitifbd.

Therefore, in our study it was shown that it's ssagy to take into account the degree of patient's
response to a particular group of antiplatelet slrargd to perform a detailed analysis, taking ictmant the
data of the express method of laser-light scaggiatelet aggregometry in whole blood, when ariadythe
functional activity of platelets on the backgrowifdntiplatelet therapy. Given the heterogeneitindices in
groups of patients with hypertension and variousngoof CAD, this study makes it possible to more
accurately determine the degree of sensitivityntipkatelet therapy.
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