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Abstract

Introduction. This review is devoted about the development of the thrombosis and bleeding complications after
implantation of the mechanical circulatory support (MCS) device in heart failure (HF) patients which could be treated by
genotyping test results.

Objective. To analyze literature and clinical investigations about cause of the complications and their prevention by
genome-guided antithrombotic therapy according to the genotyping test results for genetic polymorphisms.

Research strategy. Search for scientific publications was carried out in search engines such as Web of Science,
ResearchGate, PubMed, Google Academy and e-Library.ru. Criteria for inclusion of publications in the literature review are
defined as publications with the full text, in Russian and English, with statistically verified conclusions.

Results. Complications develop due to the presence of the high non-physiological shear stress at the blade region of the
MCS device’s rotary. The shear stress causes platelet dysfunction which affects to normal hemostatic function. On the other
hand, complications development occurs due to the antithrombotic therapy which could be prescribed with incorrect dosage
for HF patients after device implantation. Nowadays, complications could be reduced by genome-guided antithrombotic
therapy according to the genotyping test results for genetic polymorphisms of VKORC1, CYP2C9 and UGT1A6 genes which
cause variability of drug dosage approximately for 50%.

Conclusions. The genotype polymorphisms of genes encoding enzymes which influence to the mechanism and
activation of the antithrombotic drugs are necessary to be determined in HF patients as it will help to identify appropriate
dosage of the drugs. The identified genome-guided antithrombotic therapy will help to reduce and predict
thrombosis/bleeding complications at pre and post-MCS device implantation period which will give opportunity for patients to
survive and live longer life.

Key words: heart failure, antithrombotic therapy, warfarin, aspirin, gene polymorphism.

Pestome
OCJIOXKHEHUA TPOMBOOBPA30OBAHMUA U KPOBOTEYEHMUA NOCIE
MMMNMNAHTALMUM YCTPOUCTB MEXAHUYECKOMU NMOAAOEPXKMU
KPOBOOBPALLEHUA: MTPUYUHBI U MEXAHU3MbI PA3BUTUA,
FrEHOM - ACCOLLMUPOBAHHAA KOPPEKLIUA. OB30OP JIUTEPATYPBLL.
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Beepenue. [JaHHbiit 0630p MOCBSLLEH O Pa3sBUTAW OCMOXHEHWUA TPOMOO3a M KPOBOTEYEHUS MOCMe WMMAaHTauum
BCMIOMOraTenbHOr0  YCTPOCTBA  MEXaHUYeckon nopaepxku kposoobpalleHus (MIIK) y nauweHToB €  ceprevHoi
HegocTaTouHoCTbH (CH), KoTOpBIE MOTYT BbITh NPOMNEYEHbI N0 pe3ynbTataM reHOTUNUPOBaHMS.

Lenb. N3yuntb nutepatypy M KIMHUYECKME MCCNELOBaHUS O MPUYMHAX PasBUTUS OCTMOXHEHUA U UX BO3MOXHbIE
NpeLoTBPALLEHNS MPYU HA3HAYEHWW KOPPEKTHOM aHTUTPOMBOTMYECKOW Tepanuu no pesynbTataM reHOTWMMPOBAHMSA Ha
reHeTMYeckue NonMMopMU3MbI.

Crpateruss uccnegoBaHms. ouck HayyHbIX nyBnukauui BbIMOMHANCS B MOMCKOBBIX cucTemax, Takux kak Web of
Science, ResearchGate, PubMed, Google Academy wu e-Library.ru. Kputepusmu BknioveHus nybnukaumin 8 063op
nuTepaTypbl 6binK NyBAMKaLMK C MOMHLIM TEKCTOM, HA PYCCKOM W aHIMMACKOM Si3blkax, CO CTAaTUCTUYECKU JOCTOBEPHBLIMY
AaHHbIMK.

Pe3ynbTtatbl. OCNOXHEHWUS pa3BMUBAOTCS M3-3a HANMWYNS BbICOKOTO HE(N3NONOrNYECKOrO HaNpsKEHUS CABUIa B palioHe
nonacrei potopa MIK ycTpoictaa. HanpsikeHue caura CTaHOBUTCS NPUYMHON ANCEYHKLMM TPOMBOLMTOB, YTO BNMSET Ha
HOpManbHylo —remocTatuyeckyto  dyHkumio. C  Apyroit  CTOPOHbI, pasBUTWE  OCMOXHEHWA NPOMCXOAUT  W3-3a
aHTUTPOMOOTUYECKOM Tepanuu, KOTopas MOXET ObiTb Ha3HayeHa B HekOppekTHoW Ao3e naumentam ¢ CH nocne
WMNNaHTauMn ycTponcTea. Ha CerogHsWHWA AeHb, PUCKM OCMOXHEHWI A MOryT ObiTb MOHWKEHbI C MOMOLLBIO FEHOM -
accoLyMpoBaHHON aHTUTPOMOOTNYECKON Tepanum No peaynbTaTam reHOTUMMPOBaHUS FTEHETUYECKMX MONMMOPMU3MOB reHOB
VKORC1, CYP2C9 n UGT1A6, obycrnosnusaioLyux BapnabenbHOCTb JO3MPOBKY NpenapaTos npumepHo Ha 50%.

BeiBogbl. Onpesenexne reHOTUNOB MONMMMOPEU3MOB TEHOB, KOAMPYIOWME (DEPMEHTBI, BMAIOLLME HA MEXAHM3M W
aKTUBaLMK aHTMTPOMBOTMYECKMX nNpenapaToB, Heobxogumo nposecTu y 6GombHbix CH, uto nossonut nogobpatb
peKkOMeHOyemyl [03y npenapaTta. BbisiBneHHast aHTUTPOMOOTMYECKas Tepanws, MO TFEHOMY MauueHTa, MO3BOSUT
YMEHBLUUTb W NpefckasaTb TPOMO03bI/KpOBOTEYEHNS A0 M Nocne umnnaHTayum yctpoictea MIK, 4To aact BO3MOXHOCTb
nawlmeHTam BbKUTb U NPOXMTL 6onee A0Nryio XnaHb.

Knrouesbie cnoea: cepdeyHas HedocmamoyHOCMb, aHmumpombomuyeckas mepanusi, 8aphapuH, acnupuH,
nonuUMopgU3M 2€Ho8.

TyniHpgeme
MEXAHUKANbIK KAH AMHANDbIMbIH KONOAAUTbIH
K¥PbINFbICbIHHbIH UMNMNAHTALUMANAYAAH KEUIHI TPOMBTbIH
TY3UTY XXOHE KAH KETYAQIH ACKbIHYJIAPLI: AAMY CEBENTEPI MEH
MEXAHMU3MAOEPI, TEHOM - HEFI3QEJNINEH EM. SOEBUETKE LUOJ1Y.
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Kipicne. bByn makana kaH afy xaHe yilbIFy xaHama acepnepi KoMeKLi MexaHuKarnblk KypblnfbiCbiHHbIH, (KMK) xypek
xeTkinikciagiri (KK) 6ap Haykactapga MMNnaHTauusinaHFaHHaH KeiliH JaMybl XaHe OonapfblH FeHOTUNTEY HaTWXenepi
BonbIHWa emaenyi Typarbl apHasnfaH.

Makcatbl. AckbiHynapabiH, cebenTepiH xoHe onapablH reHeTUKanbIK NoNMMOPMU3MAEPIHIH, TEHOTUNTEY HATUXENepi
OoMbiHWa OypbIC AHTUTPOMOOTMKANbIK TepanusaHbl TaFalbiHAAM acKblHynapgblH asal  MyMKIHAIKTepi  Typanbl
opebneTTepai XoHe KNUHUKanbIK 3epTTeynepai 3epTTey.

IsgeHy ctpaterusicbl. FoinbiMu OacbinbiMaap ocbiHAalh xyvenepge xyprisingi: Web of Science, ResearchGate,
PubMed, Google Academy xaHe e-Library.ru. bacbinbimgapgsl o4ebueTTi WwonyFa KOCy KpUTEPUANepi CTaTUCTUKanbIK
MaHbI3bl AepekTepi 6ap opbIC XSHe aFbINLbIH TingepiHAeri TonbIK MaTiHi 6ap Makananap donge!.

Hatuxenep. KMK KypbinFbiHbIH, pOTOpbIHAA KOFaphl (U3NOMOTUSNbIK EMEC bIFbICY KepHeYiHiH, 6onybiHa BannaHbICTbl
ackbiHynap gamupbl. blFbicy kepHeyi TpomOouuTTepdiH, AMCHYHKUMACHIH TyAblpadbl, Oyn KamnbinTbl remMocTaTukanbik
(yHKUMstFa acep eTegi. EkiHWi xaFblHaH, KypbiNFbiHbl UMNNaHTaumsanaygaH kedii XOK 6ap naumeHtTepre Lypbic eMec
AHTMTPOMOOTWKaNbIK TEpanusiHblH, A03ackl acKblHynapablH famybiH Tyablpagsl. ByriHri TaH4a acksiHynapgbiH Kaynid
FeHOM - HerisgenreH aHTUTpomOoTUKanblk Tepanus VKORC1, CYP2C9 xeHe UGTTA6 reHaepiHiH reHeTUKanblk
nonuMopuaMaepiH reHoTunTey HaTWxenepi 6oibiHWa asanTyFa bonadbl, onap AspinepaiH fo3acbiHbiH, wWamameH 50%
©3reprilTiriH aHbIKTangpl.
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KopbITbIHAbIL.  AHTUTPOMOOTMKANbIK  NpenapaTTapdblH - MexaHuaMiHe xoHe OenceHpipinyiHe acep  eTeTiH
thepMeHTTepAi KOATAWTbIH reHaik nonumopduaMaepaiH reHOTUNTEPIH aHbIKTay XYPeK KeTKinikcisgiri 6ap HaykacTapaa
Xyprisinyi kepek eiTkeHi 6yn npenapatTbiH, YCbIHbINFAH [03aCkbliH TaHAayFa MyMKiHAK 6epegi. MauueHTTiH reHoMbiHa
HeriagenreH aHblKTanFaH aHTUTpomboTukanelk Tepanus KMK KypbinfFbiCbIHHBIH, UMNNaHTaLMsANay angbiHaa XaHe ofaH
keliH Tpombo3abl/KaH KeTyai azantadbl xaHe Gorkaiapl, Oyn nauueHTTepdiH, amaH KanyblHa XaHe y3ak emip cypyiHe
MYMKiHZiK Gepegi.

TytiH ce3dep: Kypek xemkinikciadizi, aHmumpombomukassIK mepanus, eapghapuH, acnupuH, 2eHOep NOUMOPGHU3MI,
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Introduction

Heart failure (HF) is one the most significant problem of
the healthcare in the worldwide as well as in the Republic of
Kazakhstan [3]. There are about more than 30 million
people have HF in the worldwide [15]. The incidence of the
cardiovascular diseases is increasing in Kazakhstan too. In
Kazakhstan about 2 million people have been registered
with cardiovascular diseases [1].

However, about 0.5% - 5% of HF patients have
progression of their disease to the end-stage [36]. The gold
standard treatment of HF patients at their end-stage is heart
transplantation (HT) [20]. However, not every patient at the
end-stage could be treated with HT as only 5000
transplantations performed in the world which is not enough
[3, 15]. Nowadays, implantation of the mechanical
circulatory support (MCS) known as left ventricular assist
device (LVAD) is an alternative method of the treatment
instead of transplantation for the HF patients at their end-
stage [3]. LVAD has a rotating pump with a constant blood
flow which mechanically unloads the left ventricle of the
patient’s heart [3, 20]. The HF patient's survival rate with
implanted LVAD performs about 80% in one year whereas
survival rate with transplantation is 86% which proves an
optimal outcome [20].

Despite to the improvements of the quality of life, LVAD
is followed with complications in HF patients after
implantation [24]. Thrombosis, pump thrombosis, bleeding,
gastrointestinal bleeding, stroke or infection are an adverse
event which causes discomfort and even mortality in HF
patients [37]. One of the reason in the development of the
complications is platelet dysfunction which is caused due to
the presence of the high non-physiological shear stress at
the blade region of the LVAD’s rotary spin which leads to
the formation of the platelet dysfunction [10, 11, 21]. On the
other hand, complications development occurs due to the
antithrombotic therapy which could be prescribed with
incorrect dosage for HF patients after device implantation.
Nowadays, complications could be reduced by genome-

guided antithrombotic therapy according to the genotyping
test results for genetic polymorphisms of genes which
cause variability of drug dosage approximately for 50%. The
genotype polymorphisms of genes encoding enzymes
which influence to the mechanism and activation of the
antithrombotic drugs are necessary to be determined in HF
patients as it will help to identify appropriate dosage of the
drugs. The identified genome-guided antithrombotic therapy
will help to reduce and predict thrombosis/bleeding
complications at pre and post-MCS device implantation
period which will give opportunity for patients to survive and
live longer life [9, 39].

Objective. To analyze literature and clinical
investigations about cause of the complications and their
prevention by genome-guided antithrombotic therapy
according to the genotyping test results for genetic
polymorphisms.

Research strategy. Search for scientific publications
was carried out in search engines such as Web of Science,
ResearchGate, PubMed, Google Academy and e-library.ru.
These databases allowed us to identify the latest a large
number of literature sources. Criteria for inclusion of
publications in the literature review are defined as
publications with the full text, in Russian and English, with
statistically verified conclusions. Out of 78 literary sources,
45 publications were selected as analytical material for this
article. The depth of the search was 20 years.

Results of the research and discussion

Heart failure (HF) is one the most significant problem of
the healthcare in the worldwide as well as in the Republic of
Kazakhstan [3]. There are about more than 30 million
people have HF in the worldwide [15]. The incidence of the
cardiovascular diseases is increasing in Kazakhstan too. In
Kazakhstan about 2 million people have been registered
with cardiovascular diseases [1].

Heart transplantation (HT) is one of the standard
treatment of HF patients at their end-stage [20]. However,
HT is not available for every HF patients due to the not
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enough numbers of heart donors [3, 15]. Nowadays,
'mplantation of the mechanical circulatory support (MCS)
known as left ventricular assist device (LVAD) is an
alternative method of the treatment instead of
transplantation for the HF patients at their end-stage [3, 20].
The HF patient's survival rate with implanted LVAD
performs about 80% in one year whereas survival rate with
transplantation is 86% which proves an optimal outcome
[20]. LVAD device could be implanted as a bridge-to-
transplantation (BTT) for the short term of the period and as
a destination therapy (DT) for the lifetime support. Decision
of the LVAD implantation as a BTT or DT depends weather
patient is a candidate for the heart donor or not listed due to
the medical indications such as age, complications and
medical conditions [43, 45].

LVAD implantation in Kazakhstan

The first surgery on heart was performed in Republic of
Kazakhstan (RK) in 1958 [28]. The development of the
cardiac surgery was going on slowly with approximately two
hundred surgeries on the heart in a year. Further, the
significant progress started from 1991. There were opened
26 cardiac surgery centers and departments in Kazakhstan
which allowed to perform heart surgeries more widely [6].

However, there was no surgical treatments of end-stage
HF patients with LVAD implantation apart from medical
therapy in RK before 2011. For the first time, “National
research cardiac surgery center” (NRCSC) (Astana,
Kazakhstan) with support of international colleagues
initiated a program for the surgical treatments of HF
patients at their end-stage with implantation MCS in
November 2011 [6]. There were implanted 232 MCS
devices at the NRCSC from the beginning of the program to
April 2017 [5]. NRCSC performs implantation of four type of
MCS devices such as HeartMate I, CentriMag VAD,
HeartMate 3 (St Jude Medical, Huntingdon,
Cambridgeshire, UK) and HearWare HVAD (HeartWare
International, Framingham MA, USA) [3, 6].

Furthermore, NRCSC initiated the program of heart
transplantation for HF patients with end-stage in 2012. First
whole heart transplantation from deceased donor was
performed in August 8, 2012. Totally heart transplantations
were performed for 51 HF patients between 2012 and 2017
[56]. Moreover, NRCSC became participant of the clinical
trial in implantation HearMate 3 devices, in 2014. Therefore,
Kazakhstan became the first country in the world to receive
approval on the commercial use of HeartMate 3 according
to the successful results of clinical trial [6]. Moreover, the
newest total artificial heart (TAH) CARMAT was implanted
in NRCSC on October 19, 2017. CARMAT is the newest
TAH which gives a long-term support for HF patients at their
end-stage [16, 25].

LVAD complications

Despite to the improvements of the quality of life, LVAD
is beleaguered with complications in 70% of the HF patients
after implantation [24]. Thrombosis, pump thrombosis,
bleeding, gastrointestinal bleeding, stroke or infection are
an adverse event which causes discomfort and even
mortality in HF patients [37]. Thrombosis events causes
embolic events, stroke, arterial thromboembolism and
dysfunction of the LVAD devices. HF patients with pump
thrombosis are required to do pump exchange or heart
transplantation as with device malfunction their mortality

rate is 50% which is dangerous for them. Device exchange
in HF patients should be considered by the level of
biochemical parameter of lactate dehydrogenase more than
>1000 U/L [10, 11]. Bleeding complications are also
adverse events with 10% of the mortality rate. It also
causes rehospitalization of HF patient especially with
thoracic bleeding after 30 days of LVAD implantation.
Gastrointestinal  bleeding is one of the adverse
complications in 30% of HF patients with DT of LVAD
implantation [24, 37]. Bleeding complications lead to
reoperations in 69% of patients after LVAD implantation
[10].

Platelet activation and dysfunction

Despite to the improvements of the LVAD device,
thrombosis complications still happen due to the rough
surface of the device where platelet adhesion occurs.
Platelet adhesion starts as fibrinogen and von Willebrand
factor (VWF) proteins absorb on the surface of the device.
Therefore, stimulation of the platelet activation, layering of
the fibrins, aggregation of the platelets, leukocytes and
erythrocytes on the surface of the device occur [21].

One of the reason in the development of the thrombosis
and bleeding complications is platelet dysfunction [21].
Presence of the high non-physiological shear stress at the
blade region of the LVAD's rotary spin at 7000 — 12000
rotations per minute which leads to the formation of the
platelet dysfunction [10, 11]. The shear stress causes
damage and shedding of the receptors from the platelet
membrane. Platelet activation, aggregation and adhesion
are processed by the activation of the glycoprotein
receptors such as GPIba, GPVI, and GPlIIb/llla which bind
to VWF, collagen, and fibrinogen coagulation proteins to
support hemostasis system [43, 17]. The process of the
platelet adhesion between platelet receptors are disturbed
due to the shedding of the platelet receptors from the
surface. Presence of the high shear stress and contact of
the blood cells to the rough surface leads to the
development of the non-surgical bleeding events in HF
patients with implanted LVAD devices. For instance,
shedding of the glycoprotein receptors GPIlba leads to the
development of the non-surgical bleeding events due to the
shear stress. Investigations recommend that determination
level of the glycoprotein receptors GPIba in plasma might
be good biomarker for the prediction of the bleeding events
after LVAD implantation [3, 13, 17, 21].

Acquired Von Willebrand syndrome

Additionally, one of the reasons of the bleeding events
is disruption of the Von Willebrand Factor (VWF) protein
which is known as acquired von Willebrand syndrome
(AVWS) in HF patients after LVAD implantation. VWF is
multimeric glycoprotein with four types of domains which
bind to coagulation factor VIII, glycoprotein receptors GPlba
and GPllb/lla. vWF binding performs adhesion and
aggregation on the subendothelial matrix on the vascular
damage site to achieve hemostasis or to form a platelet
plug. Activity level of the VWF is decreased after LVAD
implantation due to the high non physiological shear stress
which causes development of the bleeding complications
[24].

LVAD'’s shear stress unwinds the high molecular weight
of the vVWF multimers which are cleaved into short chains
by protease A Disintegrin And Metalloprotease with
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Thrombospondin type 1 repeats, number 13 (ADAMTS-13)
f24]. Consequently, degraded vWF multimers becomes
unable to support hemostasis activity with reduced potential
for binding to collagen and platelets properly which causes
HF patients with implanted LVAD devices to have higher
prone to bleeding events [3, 15, 24]. The risks of the
development of the bleeding events due to the acquired
VWS could be treated by targeted pharmacotherapeutic
treatment. For instance, Deconinck et al. (2022) [15]
performed that inhibition the function of the ADAMTS-13
could prevent the loss of high molecular weight of the VWF
multimers in in vitro LVAD device systems which might
reduce the risks of the bleeding events. However,
ADAMTS-13 inhibition was not performed in clinical trials
[15].

Anticoagulant treatment of warfarin for HF patients

HF patients are usually prescribed with anticoagulant
and antiplatelet therapy after LVAD implantation to prevent
development of the thromboembolic events and pump
thrombosis for the long term treatment. However,
antithrombotic treatments might cause thrombosis and
bleeding complications due to the incorrect dosage of the
drug [36, 39].

Warfarin is frequently used an oral anticoagulant which
acts through interference with vitamin K in the liver. The
most of the HF patients are often prescribed with warfarin
after LVAD implantation [9]. The dosing of the warfarin drug
is processed individually by weakly measurement of the
International Normalized Ratio of the patient (INR 2-3). To
achieve stable INR 2-3 level warfarin dosage might vary
from 1 - 20 mg per day. The average initial dosage might
range from 3 — 5 mg, depending on population averages.
The process of the identification individual appropriate
warfarin dosage can take long time from weeks to months
which increases risks to the development of the
complications with over- and under-coagulation of the drug
[19] Nowadays, post-LVAD complications can be reduced
with identified individual warfarin dosage according to the
genotyping test results for specific genes which are involved
in the biotransformation of vitamin K, warfarin and vitamin K
dependent coagulation factors [43, 41].

Genetic polymorphisms of VKORCT (vitamin K epoxide
reductase complex 1) and CYP2C9 (cytochrome P450 2C9)
genes are the most important genetic factors which
influence to the warfarin dosage variability approximately for
50% [39]. However, warfarin dosage might vary between
different populations due to the allele frequency variations.
For instance, genome - wide association studies (GWAS)
and candidate gene studies showed that VKORC? and
CYP2C9 genotypes cause warfarin variability for up to 30%
in European or Asian populations in non-LVAD patients [14,
27]. Scott et al [33] showed that mutant allele frequency of
polymorphism rs9923231 (-1639G>A) in VKORC1 gene is
significantly higher in Asian population than wild type allele
(0.667 vs. 0.333). On the other hand, allele frequencies of
polymorphism of rs9923231 in VKORC1 gene showed
opposite results in African-American populations from Asian
population with higher frequency of wild type allele (0.892
vs. 0.108, p < 0.0001) [33]. Kazakhstani population also
performed higher frequency of mutant allele polymorphism
of rs8050894 in VKORC1 than wild type allele frequency
like in Asian population (0.63 vs. 0.37) [18]. There were no

many investigations of GWAS study of genotype
polymorphisms in VKORC1 and CYP2C9 genes especially
in HF patients with implanted LVAD [9, 39].

However, Topkara et al., [39] identified in HF patients
with implanted LVAD that frequency of mutant allele of
CYP2C9 and VKORC1 genes were significantly different
between European-American (38.0% and 50%) and
African-American (9.7% and 3.2%) populations (p<0.05).
On the other hand, Zhang et al., [44] found allele frequency
of polymorphisms in VKORC1 and CYP2C9 genes in
Chinese patients with prescribed warfarin therapy after
heart valve replacement. They found in their investigation
higher distribution of AA mutant genotype (90.7%) and
lower level of wild type GG genotype (1.2%) of VKORC1
gene in Chinese population. Investigations show that
warfarin is widely used anticoagulant drug in various
cardiovascular diseases to prevent thromboembolism risks
[34, 44]. Therefore, we could tell that genotype
polymorphisms of VKORC?1 and CYP2C9 genes could
predict optimal warfarin dosage which will help to prevent
over- and under-coagulation in HF patients with implanted
LVAD [43].

VKORC1 is gene which is located on chromosome 16
and encodes enzyme vitamin K epoxide reductase complex
subunit 1 which catalyzes vitamin K epoxide into active form
of vitamin K, hydroquinone. Vitamin K hydroquinone is an
important cofactor which activates coagulation factors such
as FIl, FVII, FIX and FX. Consequently, function of the
warfarin is to inhibit enzyme coded by VKORC1 gene for
deactivation coagulation factors such as Fll, FVII, FIX and
FX [14, 19, 39]. Difference of warfarin metabolism and
action depend on genotype polymorphisms of VKORC1
gene. Thus, warfarin dose differs between genotype
polymorphisms of VKORC1 gene. For instance, patients
with the wild type genotype polymorphism of VKORCT gene
is recommended with higher warfarin dosage. On the
contrary, lower warfarin dosage is recommended for
patients with mutant genotype polymorphisms [19, 39, 43].
Topkara et al., investigated warfarin dose between three
genotype polymorphisms of rs9923231 in VKORC1 gene
and found that patients with mutant genotype was
prescribed with lower warfarin dose than with wild type
genotype (3.7 = 1.4 vs. 47 = 1.7, p = 0.012) [39].
Investigation of Awad et al., also identified prescribed
higher dosage of warfarin for patients in the presence of
wild type genotype polymorphisms of VKORC1 gene [9].

CYP2C9 is gene located on chromosome 10 which
encodes enzyme of cytochrome P450. The R- and S -
stereoisomers of warfarin are metabolized by cytochrome
P450 [9]. Specific single nucleotide polymorphisms (SNP)
of CYP2C9 gene is associated with enzyme activity.
Polymorphisms of rs1799853 in CYP2C9*2 and rs1057910
in CYP2C9*3 genes are associated with lower enzyme
activity in European population [19]. Allele frequency of the
CYP2C9 and VKORC1 genes are identified to be
significantly different in between different racial groups such
as Asian, European-American, Caucasian and African-
American [33, 39, 43]. Nowadays, it is well known that
VKORC1 and CYP2C9 are involved in the drug metabolism
and action. In 2007, Food and Drug administration (FDA)
mentioned on the warfarin label that genotypes of VKORC1
and CYP2C9 could be helpful in identification the initial
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warfarin dose. And also, warfarin dose could be also
tdentified by online algorithm which is available on
http://www.warfarindosing.org [19].

Antiplatelet treatment of aspirin for HF patients

Acetylsalicylic acid (aspirin) is one of the most widely
used treatment. In the USA, approximately 35.8 million
people take aspirin for the initial prevention of the
cardiovascular disease [29]. HF patients also prescribed
with aspirin for prevention thrombosis complications after
LVAD implantation. The dosage of the aspirin varies
starting from 75 mg depending on the aim of the treatment
and device type in HF patient. Aspirin therapy also causes
complications like a warfarin treatment too [23, 30].

Platelet activation, coagulation and aggregation occur by
thromboxane A2 which is activated by isoforms of
cyclooxygenase-1 (COX-1)/cyclooxygenase-2 (COX-2) and
arachidonic acid. Thromboxane A2 activity could lead to
stroke events in patients with cardiovascular diseases [7, 38].

Normally, after absorption aspirin is deacetylated to
salicylic acid. Therefore, salicylic acid inhibits platelet activation
by acetylation of isoforms of COX-1 and COX-2 which
therefore leads to deactivation of thromboxane A2 [7, 38].

The half-life of aspirin is about 20 minutes. During its
half-life aspirin inactivates platelets which circulate at the

Salieyl phenalic
glucuronide
15APG)

N
G

Aspirin

present moment. In the beginning aspirin inhibits COX-1
and at the same time cytosolic mRNA produces new active
COX-1 molecules which are active and resistant to
acetylation. The new active COX-1 molecules are more
resistant to aspirin than other mature platelets.
Consequently, increased level of the new COX-1 molecules
leads to activation and aggregations of the platelets which
leads to the complications development in cardiovascular
disease [26, 31].

Inactivation of the COX-1 and COX-2 isoforms occur on
specific amount of aspirin dosage. Investigations show that
lower dosage (75 — 150 mg) of the aspirin inhibits COX-1
isoforms whereas higher dosage of the aspirin (> 300 mg)
inhibits both COX-1 and COX-2 isoforms [26, 42].

Metabolism of the aspirin carries on by genes which
encodes three major enzymes such as cytochrome P450
(CYP2C9), uridine diphosphate  (UDP)-glucuronosyl
transferase (UGT) and acyl-coenzyme A synthetase
(ACSM2B) (Figure 1). The figure illustrates the main
metabolic pathways of aspirin. There are shown the major
enzymes and the average percentage of the drug (shaded
areas in circles) that is involved in each metabolic pathway
8, 12].
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Figure 1. The scheme of aspirin metabolic pathways is modified
from Chen Y., et al (2007) and Agundez J.A.G., et al (2009) [8, 12].

Aspirin metabolism occurs in two phases by listed
enzymes: 1) phase | carries on by CYP2C9; 2) phase Il
carries on by UDP glucuronosyl! transferase (UGT). These
enzymes have important role in the biodistribution of the
aspirin with different excretion speed of aspirin metabolites.
There was no investigation on prescription of the aspirin
dosage according to the genotype polymorphisms of
CYP2C9, UGT and ACSM2B enzymes in patients with
cardiovascular diseases [2, 12, 22].

On the other hand, one of the glucuronosy! transferase
enzymes UGT1AG6 involved in the metabolism of aspirin,
which is encoded by the UGT1A6 gene. Polymorphism
rs2070959 in UGT1A6 gene was found to be associated
with different level of the metabolism of the enzyme
glucuronosyltransferase which is involved in the excretion of
salicylic acid [8, 12]. The main function of the enzyme
glucuronosyltransferase UGT1A6 is to metabolize salicylic

acid after deacetylation to salicyl acyl glucuronide (SAAG)
and salicyl phenolic glucuronide (SAPG) (Figure 1). Chen et
al. (2007) [12] identified that higher amount of aspirin
metabolites of SAAG and SAPG were excreted due to the
presence of the GG genotype of UGT1AG6 gene rather than
with AA genotype in healthy participants. Polymorphism of
rs2070959 in UGT1A6 gene showed association with
cancer such as colon and colorectal [32, 35]. On the other
hand, van Oijen et al. [40] did not find association of
polymorphism  rs2070959 in  UGT1A6 gene in
cardiovascular patients with gastrointestinal complications
under aspirin therapy.

In our previous investigation (2022) [43], we also
identified that aspirin metabolites excretes faster in HF
patients with GG genotype of polymorphism rs2070959 in
UGT1A6 gene which concludes about faster metabolism.
On the other hand, lower amount of aspirin metabolites
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excretes slower with the presence of the AA genotype of
polymorphism rs2070959 in UGT1A6 gene in HF patients
with implanted LVAD devices. Our research identified that
HF patients with GG genotype of polymorphism rs2070959
should be prescribed with higher dosage of aspirin,
whereas with AA genotype HF patients should be
prescribed with lower amount of aspirin. According to this
research results we received patent of Republic of
Kazakhstan for invention on method of selection and
correction of aspirin dose in patients with heart failure with
implanted mechanical device of left ventricle [4, 43]. Thus,
patients with cardiovascular diseases who are planned to
be prescribed with antiplatelet drug of the aspirin should be
treated with appropriate dosage to reduce and prevent
complications because of overdosing by determination
genotypes of UGT1A6 gene [43].

Our investigation  concludes, that  genotype
polymorphisms of genes encoding enzymes which influence
to the antithrombotic treatments’ dosage variability are
necessary to be determined in HF patients with implanted
LVAD. The implementation prescription of the
antithrombotic drugs according to the genetic analysis will
help to prevent and predict thrombosis/bleeding
complications at pre and post-LVAD implantation period
which will give opportunity for patients to survive and live
longer life.

Conclusion

Chronic heart failure (HF) is one the most important
problem of the healthcare system in the Republic of
Kazakhstan which needs to be treated with heart
transplantation. Implantation of the left ventricular assist
device (LVAD) is one the alternative method for the
treatment HF patients due to the lack of the heart donors.
LVAD device improves HF patient’s life and also it causes
complications such as thrombosis and bleeding after
implantation. These complications occur due to the device’s
non-physiological shear stress and incorrect dosage of the
antithrombotic treatment which is prescribed after
implantation.

After LVAD implantation the main aim of the cardiologist
is reducing and prevention of these complications by
administration appropriate dosage of the antithrombotic
drugs or exchange of the LVAD device during pump
thrombosis. Consequently, literature review and our
investigation showed that genetic information of HF patients
should be taken into consideration during treatment. The
prescription of the antithrombotic drugs according the
genotype polymorphisms could prevent and predict
complications at the pre-/post-LVAD implantation periods
which will reduce morbidity and mortality rate.
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