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Abstract

Relevance. Left ventricular assist device (LVAD) is an alternative treatment for heart failure (HF) patients which
improves patient's quality of life at their end-stage. Despite to the improvement LVAD is beleaguered with
thrombosis/bleeding complications in 70% of HF patients after implantation. An anticoagulant treatment of warfarin is usually
prescribed to reduce thrombosis complications. However, due to the incorrect dosage of the treatment thrombosis/ bleeding
complications still happen. Warfarin dose could be identified by genetic variants of vitamin K-epoxide reductase complex
(VKORC1) and the cytochrome P450-2C9 (CYP2C9) which account for 50% of dose variability.

Aim. The aim of our investigation is to identify variability of warfarin dose according to the genotype polymorphisms of
genes and their difference from the clinical dosage in HF patients.

Materials and methods. The case series study included 98 HF patients (without complications — 74 patients, with
complications — 24 patients) with prescribed warfarin treatment after device implantation. Clinical warfarin dosage difference
was identified between genotype polymorphisms of rs9923231, rs9934438 in VKORC1 gene. Furthermore, warfarin dosage
was calculated according to the genetic test results and compared with clinical dosage.

Results. Warfarin dosage according to the clinical protocol between three genotypes of polymorphisms in VKORC1
gene showed significant difference. HF patients were prescribed with higher warfarin dosage with wild type genotype
polymorphism of rs9934438 in VKORC1 gene than with mutant genotype < 2.5mg (3.88 + 1.25 vs. 244 £ 0.81, p =
0.00005).

Conclusion. Genotype-guided warfarin dosing may estimate accurate dose and potentially improve outcomes in LVAD
patients.

Keywords: heart failure, anticoagulant therapy, warfarin, gene polymorphism.
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BBsepeHue. BcrnomoratenbHoe MexaHUYeckoe YCTPOWCTBO NeBoro enydodka (Left ventricular assist device, LVAD)
SBNAETCA anbTEPHATMBHbIM METOLOM IEYEHWS MaUMEHTOB C CepAeyqHoi HepoctatouHocTblo (CH), koTopoe ynyuywaet
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KayeCTBO JWU3HM NaUMEHTOB Ha TepMUHanbHOM cTagun. HecmoTps Ha ynydweHue, LVAD conposoxgaetcs
Tpombosamu/kposoTeyeHusamu y 70% naumeHtoB ¢ CH nocne uMmnnaHTaumu. AHTUKOArynsHTHOE neyeHune BapapyHOM
0ObIY4HO Ha3HayaloT Ans YMEHbLUEHUs OCrOXHeHUn Tpombosa. OpHako W3-3a HENpaBMIbHOM [O03MPOBKUM NEYEHWs
OCMOXHEHWs1 TpomMO03a/KpOBOTEYEHUS BCe xe crydvaroTes. [ody BapcdapuHa MOXHO OnpefenuTb MO FeHEeTUHECKAM
BapuaHTaMm komnnekca ButamuH K-anokeuapeaykrasel (VKORC1) v uutoxpoma P450-2C9 (CYP2CY), koTopble BIMSIET Ha
BapuabenbHocTh Ao3bl Ha 50%.

Llenb. Llenbko Halero uccnenoBaHust SBNSETCS BbisiBNieHne BapuabenbHOCT 03kl BapdapyHa B 3aBMCMMOCTM OT
reHeTUYECKIX NONMMOPU3MOB FEHOB M UX OTIIMYNS OT KIMHUYECKOH 003kl Y BonbHbIX CH.

Matepuanbl n metoabl. B uccnegosaHne cepum criyvaes BkriodeHsl 98 naumeHtoB ¢ CH (6e3 ocnoxHeHuin — 74
naumMeHTa, C OCNOXHEHMAMU — 24 nmauumeHTa), MoMy4aBLIMX feveHre BapdapuHOM MOCME MMMMaHTaUuW YCTPOMCTBA.
BbisiBreHa KnuHuYeckas pasHuua B [O3MPOBKe BapapuHa Mexay nonumopdusmamn reHoTunos rs9923231, rs9934438
reHa VKORC1. Kpome ToOro, [oavpoBka BapdapuHa paccuuTbiBanach MO pesynbTaTaM TFEeHeTMYecKoro Tecta U
CpaBHMBaNach C KNMHUYECKON O3MPOBKONA.

PesynbTatbl. [l031poBka BapdaprHa COrnacHo KMMHUYECKOMY NPOTOKONY MeXay TPpeMmsi reHoTUnamm nonuMopegmamoB
reHa VKORC1 nokasana 3HauuTenbHyto pasiuuy. MauuweHtam ¢ CH HasHavanw Gonee BbiCOkve [03bl BapdapuHa npu
LuKoM Tune nonumopduama rs9934438 reHa VKORC1, yem npu MyTaHTHOM reHoTune <2,5 mr (3,88 + 1,25 npoTus 2,44 +
0,81, p=0,00005).

BriBogbl. [Jo3npoBaHne BapdapuHa C y4eTOM reHOTUMNa MOXET AaTb TOUHYHO OLIEHKY A03bl U MOTEHLMANEHO YNyULLMTh
nexogpl y naumentos ¢ LVAD.

Knroyeenie crnosa: cepdeqHas HeA0CMamoyHOCMb, aHMUKOa2ynaHMHas mepanusi, 6apghapuH, NONUMOPGHUIM 2EHO8.

Tyninpgeme
MEXAHUKANbIK KAH AMHANBIMbIH KONAAUTDBIH K¥PbINFbICbI
MMNMNAHTALUUANIAHFAH XYPEK XETKIJIIKCI3AIri
BAP HAYKACTAPOA BAPOAPUH NO3ACDLIH ECENTEY
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©3ekriniri. Con xaK KapblHWaHbIH KeMeKLUi MexaHukanblk Kypbinfbichl (Left ventricular assist device, LVAD) xypek
xeTkinikciagiri (KXK) Gap HaykactapFa apHanfaH Oanama emgey ogici Gonbin Tabbinagsl, ON COHFbl CaTblgafbl
naumeHTTEpAiH eMip canacblH xakcapTagbl. XakcapraHbiHa kapamactaH, 70% XOK naumeHTtTepiHae Tpombos/ KaH KeTy
ackbiHynapbl nanga 6onagbl LVAD uMnnaHTaumscsiHaH keriH. TpoMBO3abIH, aCKbIHYbIH @3aiTy YLWiH - aHTUKOarynsHTThIK
empey BapapuHMeH 9neTTe TaralblHAanadbl. [lereHMeH, TPomb03/KaH KETy acKblHynapbl empaeyaiH AypbiC emec
[o03acbiHaH TyblHAanabl. [osaHbiH e3repriwTirive 50%-Fa ocep eTeTiH, K BUTaMMHiHIH, SNOKCUA-peayKTasa KelleHiHiH
(VKORC1) xaHe P450-2C9 uutoxpombiHbiH (CYP2C9) reHeTukanblk HyCKamapbl apKbifbl BapdapuHHiH [03acbiH
aHbIKTayFa bonagpl.

Makcarbl. bi3giH 3epTTeyimiagiH, MakcaTbl reHaik nonumopduamre HaitnaHbICTbl BapapnH A03aCkIHbIH, ©3repriLuTiriH
XOHe onapfblH XYPeK XeTkinikciagiri 6ap HaykacTapgafbl KNMHWKANbIK [03adaH aiblpMallbifbiFbIH aHbIKTay Gonbin
Tabbinagsl.

Matepuangap meH agictep. Xamainap cepuscbiHa 3epTreyre LVAD KypbinfFbiCbl UMMNAHTALMACHIHAH KeliH
BaphapuHMeH emaenred 98 MOK naumeHTTepi (ackblHynapbl oK — 74 nauueHT, ackbiHynapbl 6ap - 24 naumeHT )
KamTbingel. BapdapuH [o3ackiHbIH, KMuHUKaNbIK aibipmawsinbifel VKORCT reHiHge nonumopdmamaepiHie rs9923231
¥oHe rs9934438 reHoTunTepiHiH apacbiHaa aHbikTangbl. CoHbIMeH KaTap, BapdapWHHIH [03achl reHeTUKanblK ChlHAK
HaTWxXenepi 60bIHLLA ecenTenai XaHe KNMHUKabIK 403aMEH CanbICTbIPbINAbI.

Hotuxenep. VKORC? reHZik nonmumopuaMiHiH YW reHOTUNi apacbliHaarbl BapdapuH  KIMHWKambIK 403ackl
aiTapnbIKTan aibipMallbinbIKTLl kepceTTi. XK Gap empenywinep VKORCT reHiniH, rs9934438 nonumopduaminge,
MYTaHTTbI FEHOTUMKE KaparFaHaa (<2,5 Mr) xabaibl TUNTe BapghapuHHiH, xoFapbl Ao3ackiH Kabbingaasl, (3,88 + 1,25 kapcbl
2,44 +0,81, p=0,00005).

KopbITbiHAbI. BapdapuHHiH, reHoTuni 60MbIHILE [03aHbIH, HAKTbI 103aCklH aHblkTayFa xoHe LVAD nauueHTTepiHaeri
HOTWXENEPLi XaKcapTybl MYMKiH.

TyliH ce3dep: Xypek xemkinikciaOizi, aHMuKOa2ynsSHMMbIK mepanusi, 6apghapuH, 2eHOep NOUMOPUIMI.
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Introduction

Heart failure (HF) is one of the significant problems in
the healthcare which affects 30 million people in the
worldwide [7]. The gold standard treatment of the HF
patients is heart transplantation at the end-stage which is
not available for every patient due to the donor shortage
[11]. However, there is an alternative treatment which is
known as left ventricular assist device (LVAD). LVAD is
implanted at the end-stage of HF patients [18, 15].
Implantation of LVAD device improves patient's quality of
life and decreases mortality with survival rate for 80%,
whereas heart transplantation performs survival rate for
86%. LVAD could be implanted as a bridge-to-
transplantation (BTT) for the short term treatment and as a
destination therapy (DT) for the long term support,
depending on the patient's medical indication. Device
implantation helps to prolong patient's life before availability
of the heart donor [11, 4].

Despite to the improvements of the quality life HF
patients have increased risk to thromboembolism
complications due to the contact of the blood with the non-
biologic surface and presence of the high non-physiological
shear stress at the blade region of the device [21, 5].
Consequently, to reduce risks of thromboembolic
complications and pump thrombosis patients are prescribed
with anticoagulant and antiplatelet therapy after LVAD
implantation [5, 14].

However, thrombosis and bleeding complications still
occur with anticoagulant treatment due to the incorrect
dosage of the therapy which causes over- and under-
coagulation [18, 12].

Warfarin is an anticoagulant treatment that is usually
prescribed for HF patients to prevent thrombosis events by
inhibiting synthesis of vitamin K dependent clotting factors
[13, 19]. Drug dosing is processed by weakly measurement
of the International Normalized Ratio (INR) of individual
patient. The initial warfarin dosage might range from 3 - 5
mg per day. However, to achieve stable INR 2-3 level
warfarin dose might vary from 1 - 20 mg per day. The
identification of correct warfarin dosage can take long
period of time from weeks to months which increases risks
to the development of the complications with over- and
under-coagulation of the drug [10].

On the other hand, dose variability of warfarin could be
identified by genetic variants of vitamin K-epoxide
reductase complex (VKORC1) and the cytochrome P450-
2C9 (CYP2C9) which account for 50% of dose variability.
VKORC1 and CYP2C9 genes are involved in the drug
metabolism and action [18, 21].
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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
warfarin dose. Furthermore, warfarin dose could be also
identified by online algorithm which is available on
http://www.warfarindosing.org [10].

Warfarin dosage show 30% of variability in European or
Asian populations according to the genome - wide
association studies (GWAS) [16].

Investigations found that genotype frequency of
VKORC1 and CYP2C9 genes differentiates among
European-American and African-American populations.
Genotype polymorphisms of VKORC1 and CYP2C9 genes
could predict optimal warfarin dosage which will prevent
over- and under-coagulation and therefore reduce
complications after LVAD implantation [18, 3].

Investigations conclude that warfarin dose may vary
according to the genotype frequency of single nucleotide
polymorphisms (SNP) in VKORC1 and CYP2C9 genes.
Thus, the aim of our investigation is to identify variability of
warfarin dose according to the genotype polymorphisms of
rs9934438, rs9923231 in VKORCT gene and difference of
the genetic dosage from the clinical dosage of warfarin in
HF patients with implanted LVAD device.

Materials and methods

Participant recruitment.

The case series study included 98 patients with end
stage heart failure (age = 18) with implanted continuous
flow LVAD devices during 2011-2016, treated in National
Research Cardiac Surgery Center, Astana. HF patients
were implanted with LVAD devices as BTT and DT
depending on medical indications. There were implanted
three type of devices:

1. HeartWare HVADs (HW);

2. HeartMate Il (HM2);

3. HeartMate IIl (HM3);

Patients were diagnosed with ischemic cardiomyopathy
(n = 44, ICM), dilated cardiomyopathy (n = 40, DCM),
hypertrophic cardiomyopathy (n = 11, HCM) and valvular
heart disease (n 3, VHD). Baseline demographic
characteristics of HF patients are summarized in Table 1.
Venous blood samples were recruited into sterile
vacutainers with K2EDTA at the National Research Cardiac
Surgery Center (NRCSC) for genotyping.

Anticoagulant therapy with warfarin were prescribed to
HF patients with according to the clinical protocol of the
Ministry of Healthcare of the Republic of Kazakhstan.
Warfarin dose was corrected to maintain international
normalized (INR) ratio range between 2.25-3.25 (2.99 +
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1.15 mg/day). Further, in current manuscript warfarin dosing
according to the clinical protocol mentioned as “clinical
dosage”. “Clinical dosage” of the warfarin was monitored
from the initial dose (1t month) then in the 3 month, 6t
month and 12 month (Fig. 1). Patients had LVAD
complications such as thrombosis, bleeding and infections.
Consequently, HF patients were classified into two groups:
Group 1, n = 74 (without complications); Group 2, n = (with
complications); In our previous manuscript, demographic

characteristics and biochemical parameters were compared
between these two groups (Zhalbinova et al., 2022).
Therefore, basic demographic characteristics of all 98 HF
patients and comparison between Group 1 and Group 2 are
summarized in Table 1. Furthermore, monthly (1t month,
3rd, 6t and 12t) “clinical dosage” of the warfarin was shown
between HF patients groups without and with complications

(Fig. 1).

Warfarin dose
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Dosing period

—— Group 1, clinical dosage
Group 1 — without complications, Group 2 — with complications
Figure 1. Clinical dosage of warfarin between HF patients with/without complications.

The study was conducted in accordance with the
Declaration of Helsinki. The Ethics Committees of the
National Laboratory Astana, Nazarbayev University (No.16
from 11 March 2015) and the National Research Cardiac
Surgery Center (NRCC), Astana, Kazakhstan (No.16 from
24 April 2015) approved the research protocol. Written
informed consent was obtained from all HF patients.

DNA Extraction and genotyping

DNA samples were extracted from 200 wpL blood
samples by using the PureLinkTM Genomic DNA Mini Kit
(Invitrogen). The concentration and purity of genomic DNA
were performed on NanoDrop™  Spectrophotometer
(ThermoFisher Scientific). Therefore, DNA samples were
genotyped for twenty-one SNPs by using real-time
polymerase chain reaction (qQPCR) with allele discrimination
using TagMan Real Time PCR Assay on a 7900HT Fast
Real-Time PCR System (Applied Biosystems). Method of
qPCR was explained in details in previously published
manuscript [21].

Selection of SNPs

Overall our study included evaluation of twenty-one
polymorphisms in genes that are associated with
cardiovascular diseases, blood coagulation system,
involved in the metabolism and action of the anticoagulant
drug. A list of SNPs and used primers are available
elsewhere [21]. Moreover, in this particular study according
to the aim, we performed additional analysis for two
significant ~ polymorphisms ~ VKORC1  (rs9934438,
rs9923231) out of 4 SNPs (rs9934438; rs9923231 in
VKORC1, rs5918 in ITGB3 and rs2070959 in UGT1A6
genes) which were significant in our previous study [21]
(Table 2).

Warfarin dosage identification
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—8—Group 2, clinical dosage

Warfarin dose was identified by using the algorithm
available on http://www.warfarindosing.org.  Genotype
polymorphisms of rs9923231 in VKORC1, rs2108622 in
CYP4F2, rs11676382 in GGCX and rs1799853, rs1057910,
rs28371686 in CYP2C9 genes and patient's demographic
characteristics such as age, gender, ethnicity, race type,
weight, height, INR level were entered into website to
identify initial warfarin dosage. Furthermore, we calculated
warfarin dose of the clinical dosage for the 1st month, 39, 6t
and 12 month as corrected dosage. This corrected
warfarin dose was mentioned as “genetic dosage”. “Genetic
dosage” of warfarin showed the difference from the “clinical
dosage”. Relationship of “clinical dosage” of the warfarin
and “genetic dosage” were shown in line graph between HF
patients groups with/without complications (Fig. 2).

Furthermore, we compared clinical dosage of warfarin
between genotype polymorphisms of rs9934438, rs9923231
in VKORC1 gene which influence to warfarin dosage
variability, out of 4 significant SNPs (rs9934438; rs9923231
in VKORC1, rs5918 in ITGB3 and rs2070959 in UGT1A6
genes) which were mentioned previously (Table 3).

Statistical analysis

Continuous variables were performed as mean
standard deviation (SD). Categorical variables were
reported as percentages and compared by using chi-square
test or Fishers exact test. Continues variables were
assessed for normality of distribution by using a
Kolmogorov-Smirnov test (p > 0.05). Normally distributed
continues variables were compared between two groups by
Student's t-test and by Mann—Whitney U test for non-
normally distributed variables. A one-way ANOVA was
performed for comparison normally distributed variables
between three groups and by non-parametric Kruskal-Wallis
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test for non-normally distributed variables. Hardy-Weinberg
equilibrium (HWE) for genetic deviation was performed
using chi square test or Fisher's exact test. Statistical
significance was considered with p-value < 0.05. The
statistical analysis was performed in SPSS program version
23.

Results

Data of basic demographic characteristics of HF
patients and comparison between HF patients with and
without complications are presented in Table 1. Heart
transplantation was performed for 10 patients (10.2%) who
received LVAD as a BTT during follow up period. On the
other hand, 88 patients received LVAD as DT due to the

heart donor shortage. Comparative analysis showed that
complications were more prevalent in patients with
implanted HM2 device in 12 (50%) cases than in 22
patients (29.7%) without complications (p = 0.01). Group of
patients with complications had development of thrombosis
in 13 cases (54.2%), bleeding in 14 cases (58.3%) and
infection in 15 (62.5%) cases, respectively (p < 0.05).
Patients were prescribed with initial warfarin dosage with
299 £ 1.15 mg/day. Twenty-seven (27.6) patients died
during follow up period and eleven (45.8) of them had
complications. On the other hand, seventy-one (72.4)
patients achieved outcome and most of them n = 58 (78.4)
did not have any complications (p = 0.03) (Table 1).

Table 1.

Basic demographic characteristics Control group and HF patients.

Characteristic HF patients, n = 98 Group 1, :2n712ar|sonGbritL\:\F/)eg?nH=F2pLatlents P value

Age (years) 52.7+11.0 525+ 11.3 53.4 £10.1 0.92*

Gender

Male 92 (93.9) 71(95.9) 21(87.5) 016

Female 6 (6.1) 3(4.1) 3(12.5) '

Ethnicity

Asian 77 (78.6) 56 (75.7) 21(87.5) 0.27

Caucasian 21(214) 18 (24.3) 3(12.5) '

Body weight (kg) 79.8£13.9 80.0 £ 12.2 79.3+ 185 0.86*

Height (cm) 169.8 + 6.36 170.0 + 6.08 168.9+7.24 0.46*

BMI (kg/m) 271.7+45 27.7+£4.10 27.6 +£5.66 0.97*

Diagnosis

ICM 44 (44.9) 36 (48.6) 8 (33.3)

DCM 40 (40.8) 25 (33.8) 15 (62.5) 0.10

HCM 11(11.2) 10 (13.5) 1(4.2) '

VHD 3(3.1) 3(4.1) 0

INR

Basic INR 1.21+0.36 1.19+0.37 1.26 £ 0.33 0.11*

Target INR 2.39+0.26 2.36+0.24 246 +0.32 0.06**

Device strategy

BTT 10 (10.2) 6 (8.1) 4(16.7) 0.25

DT 88 (89.8) 68 (91.9) 20 (83.3) '

Device type

HW 18 (18.4) 11 (14.9) 7(29.2)

HM2 34 (34.7) 22 (29.7) 12 (50.0) 0.01

HM3 46 (46.9) 41 (55.4) 5(20.8)

Warfarin dose (mg/day) 2.99+1.15 3.01+£1.04 2.92 +1.46 0.29

Patients' achieved outcome till 2017

Survived 71(72.4) 58 (78.4) 13 (54.2) 0.03

Not-survived 27 (27.6) 16 (21.6) 11 (45.8) )

Thrombosis

Yes 13 (13.3) 0 13 (54.2)

No 85 (86.7) 74 (100) 11 (45.8) 0.0001

Bleeding

Yes 14 (14.3) 0 14 (58.3) 0.0001

No 84 (85.7) 74 (100) 10 (41.7)

Infections

Yes 39(39.8) 24 (32.4) 15 (62.5) 0.015

No 59 (60.2) 50 (67.6) 9(37.5) )

Continues variables are presented, mean + SD and categorical variables as n (%). HF patients, heart failure patients;
Group 1, without complications; Group 2, with complications; The significant p value (p < 0.05) is labeled in bold; BMI,
body mass index; ICM, ischemic cardiomyopathy; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy;
VHD, valvular heart disease; INR, International normalized ratio; BTT, bridge-to-transplantation; DT, destination therapy;
HW, HeartWare HVAD; HM2, HeartMate II; HM3, HeartMate ll;
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Analysis of Genotyping

Cohort of HF patients (n = 98) were genotyped for
twenty-one SNPs [21]. Consequently, in this manuscript the
distributions of allelic and genotype frequencies of
significantly different two SNPs (rs9934438, rs9923231 in
VKORC1 gene) among HF patients with/without
complications are summarized in Tables 2. The distributions
of allelic frequencies were tested for Hardy-Weinberg
equilbrium  (HWE).  Heterozygote GA  genotype
polymorphism of rs9934438 in VKORC?1 gene and CT
genotype polymorphism for rs9923231 were significantly
higher in HF patient group with complications than in

patients without complications (70.8% vs. 39.2% and 70.8%
vs. 41.9%, p < 0.05).

Warfarin dosage. Clinical dosage of the warfarin
between group of patients without and with complications
was performed in line graph (Fig. 1). Graph represents that
warfarin dose level did not show difference from the 1st
month till 3 months in both groups. However, we found
that mean warfarin dose level decreased from 3.44 mg/day
to 2.87 mg/day (from 3 to 6% month) in the group of
patients with complications whereas warfarin dose in the
group of patients without complications was stable without
sharp changes in dosage (3.35 mg/day).

Table 2.

The distributions of allelic and genotype frequencies of SNPs between HF patients with/without complications.

SNP rs Group 1, | Allele frequency | Group 2, | Allele frequency
e number Genotype | No (%) | inGroupd | No.(%) | inGroup2 | ' Vale
GG | 14(189) 0
GA | 29(392) | . . . [17(08) ] ~ . .
VKORCT*2 | rs9934438 A | 3119 | CA=039 oiaggy | GiA=038: 50
061 0.65
G 57 17
A o1 31
cC | 14(189) 0
cT | 3@ | . - . [A7@s | . . .
VKORC1*3 159923231 T [ 20092 | 7040 mrioey | CiT=0350 1 g0p
060 065
c 59 17
T 89 31

Group 1, without complications;

Group 2, with complications; The significant p value (p < 0.05) is labeled in bold.

Furthermore, “genetic dosage” and “clinical dosage” of
the warfarin between group of patients without and with
complications were summarized in the line graph (Fig. 2).
Graph shows that initial “genetic dosage” of the warfarin
should be prescribed higher (~ 4.5 mg/day) for both groups
of HF patients than it was prescribed with “clinical dosage”
(~3.0 mg/day).

Therefore, the sharp decrease of “genetic dosage”
(from 4.5 to 1.75 mg/day) illustrates the correction of the
“clinical dosage” of the warfarin which could be prescribed
for HF patients during treatment starting from the 1st month.

Line graph shows that correction of the “clinical dosage”
according to the genotyping analysis results recommends
decreased level of warfarin dose during follow up time (<
2.16 mg/day) (Fig. 2).

Moreover, “clinical dosage” (1st month) of warfarin
showed significant difference between three genotypes of
SNPs of rs9934438, rs9923231 in VKORC1 gene (Table 3).
HF patients with wild type genotype polymorphism of
rs9934438 in VKORC1 gene were prescribed with higher
warfarin dose than with mutant genotype which was lower <
2.5mg (3.88 £ 1.25 vs. 2.44 + 0.81, p = 0.00005).

Warfarin dose

K

R ot

o"””‘\/

t

— e

=
u

Warfarin dose, mg/day
= N
O U = M DT Wwo & 1o

1st initial dose 1st month

3rd month

6th month 12th month

Dosing period

—— Group 1, genetic dosage —#&— Group 2, genetic dosage

Group 1, clinical dosage —®— Group 2, clinical dosage

Group 1 - without complications, Group 2 — with complications
Figure 2. Clinical and genetic dosage of warfarin between HF patients with/without complications.
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Table 3.
Warfarin dosage between genotype polymorphisms of VKORC1 gene.
SNP of VKORC1 gene HF patients, n=98 wild type heterozygote mutant p-Value
rs9934438 Warfarin dose mg/day 3.88+1.25 3.16 £ 1.15 244 +0.81 0.00005
rs9923231 Warfarin dose mg/day 3.88+£1.25 3.17£1.14 239x0.76 0.00002

Continues variables are presented, mean + SD;

The p value (p < 0.05) numbers with statistical significance are labeled in bold.

Discussion

Our research aimed to investigate difference of warfarin
dose in HF patients between “clinical dosage” and “genetic
dosage” according to the results of genotype
polymorphisms which are involved in metabolism and action
of drug. Previously, we did not investigate warfarin dose
difference in the group of HF patients with and without
complications [21].

According to FDA recommendations and online
algorithm of warfarindosing.org dosage of warfarin could be
estimated by genotype polymorphisms of VKORCT and
CYP2C9 in individual patients [10, 16]. Investigation of
Finkelman et al., [9] concluded that warfarin dosing
according to the pharmacogenetic algorithm was more
precise than other methods of dosing. Pharmacogenetic
algorithm  considered factors such as genotype
polymorphisms of CYP2C9 and VKORC1 genes, age, body
surface area, target INR, amiodarone dose, African
American race and warfarin indication. Recommended
warfarin dose was better prescribed using pharmacogenetic
algorithm [9]. In our investigation we identified influence of
polymorphisms  genotype on warfarin dose which
differentiated from the “clinical dosage” (Fig. 2). We found
that the initial “clinical dosage” of warfarin was prescribed
with lower amount (3.00 mg/day) compare to the “genetic
dosage” which was calculated as initial dosage (4.5
mg/day) without any intake of warfarin. Therefore, we
identified that warfarin dose could be decreased according
to “genetic dosage” if it would be calculated during intake
period to reduce adverse complications. Furthermore,
“clinical dosage” of warfarin was decreased (3.44 to 2.87
mg/day) in patients with complications which proves that the
reason of the dosage change was development of the
complications due to the higher dose.

Genotype polymorphisms of VKORC1 and CYP2C9
genes could help to identify patients’ sensitivity to warfarin
and shorten period of BTT implantaton to heart
transplantation [18, 3]. However, there are other clinical
factors available which cause complications development in
HF patients. For instance, apart from warfarin treatments
patients take antiplatelet therapy of aspirin which also
causes development of thrombosis and bleeding events [5,
21]. On the other hand, LVAD has high non-physiological
shear stress which causes platelet receptors’ dysfunction
and acquired von Willebrand syndrome [3, 6]. Platelet
receptors dysfunction also leads to the development of
thrombosis/bleeding complications. Patients should be
genotyped for other genotype polymorphisms apart from
VKORC1 and CYP2C9 genes which associated with
platelet receptors dysfunction and antiplatelet drugs
metabolism to preventireduce complications development
8,21, 9, 20].
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Genotype frequencies of polymorphisms in VKORC1
and CYP2C9 show variations in different populations such
Asian,  African-American,  European-American  and
Caucasian [18, 17]. For instance, investigations showed
that African-American and Asian populations have
significant difference of allele frequency of polymorphism
rs9923231 in VKORC1 (p < 0.001). The frequency of
mutant allele of polymorphism rs9923231 in VKORC1 was
significantly higher Asian population than wild type allele
[17]. On the contrary, the frequency of mutant allele of
rs9923231 in VKORC1 was found to be lower in African-
American population [18]. In our investigation, we found that
HF patients have higher frequency of mutant allele of
polymorphism rs9923231 in VKORC1 gene. Moreover,
heterozygote genotype polymorphisms for rs9934438 and
rs9923231 in VKORC1 gene are significantly higher in the
group of patients with complications (p = 0.01) [21].

Furthermore, we considered two polymorphisms of
rs9923231, rs9934438 in VKORC1 gene and their
association with warfarin dosage between three genotypes
in HF patients with already prescribed warfarin therapy after
implanted LVAD devices. Difference of warfarin metabolism
and action depend on genotype polymorphisms of VKORC1
gene [19]. In our investigation, we identified that there is
difference in warfarin dose between three genotypes of
rs9934438, rs9923231 in VKORC1 gene. Topkara et al. [18]
compared in their investigation warfarin dose between three
genotypes of rs9923231 polymorphism in VKORC1 gene
and identified that patients with mutant genotype was
prescribed with lower warfarin dose [18]. Our investigation
also found that HF patients were prescribed with lower
warfarin  dose with mutant genotype of rs9923231
polymorphism in VKORC1 gene than with wild type
genotype (2.39 £ 0.76 vs. 3.88 + 1.25, p = 0.00002). On the
other hand, investigations found that mutant genotype of
polymorphisms  rs9934438 in VKORC1 gene are
significantly associated with lower warfarin dose than wild
type genotype [1, 2]. Our investigation also identified that
lower warfarin dose was prescribed with mutant genotype of
polymorphisms rs9934438 in VKORC1 than with wild type
genotype (2.44 £ 0.81 vs. 3.88 + 1.25, p = 0.00005).

Conclusion

Polymorphisms of rs9923231 and rs9934438 in
VKORC1 gene showed significant association with warfarin
dosage in HF patients. Warfarin dose according to genetic
test results was different from the clinical dosage which
suggest for clinicians to estimate drug dosage according to
the genotype polymorphisms results. Estimated warfarin
dosage according to genetic test would help to prevent and
reduce thrombosis/bleeding complications at pre- and post-
LVAD implantation period.
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