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pharmacokinetically using the steady-state concentration (Css) and
plasma concentration (Cp) formulas. Data analysis is carried out using
the Spearman test to determine the correlation between warfarin
levels and normal INR values.

Results: The number of patients with normal INR values was less than
the number of patients with abnormal INR values, namely 21 patients
and 48 patients. The Spearman test results show a p-value of 0.31
(p>0.05), showing that the correlation between warfarin levels in the
blood and the corresponding INR value is not significant (p> 0.05), and
the R value in the Spearman test is 0.122, showing that the direction
of the correlation is positive with very weak correlation strength.
Conclusion: The correlation between warfarin levels in the blood and
the appropriate INR value is not significant (p>0.05), where the R value
in the Spearman test shows R=0.122, meaning the direction of the
correlation is positive with a very weak correlation strength.
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INTRODUCTION

Atrial fibrillation is a heart rhythm disorder characterised by uncoordinated atrial contractions and rapid
ventricular response.® A person is diagnosed with atrial fibrillation based on the results of an electrocardiogram
(ECG) examination. ECG results showed inconsistent, unclear atrial activity (P waves), irregular RR intervals of 30
seconds, and a ventricular rate reaching 90—-170 beats per second with an irregular pulse.? The prevalence of
atrial fibrillation has increased by 33% in the last 20 years. It is known that the number of atrial fibrillation cases
in the world in 2017 reached 37,534 million (4,977 cases per million population), and by 2050, it is predicted that
this will increase by >60%.3 The prevalence of atrial fibrillation increases with age. By the age of 80, atrial
fibrillation incidence is driven by a lifetime risk of 22%.

Anticoagulant medication is the first choice of treatment for stroke prevention for patients with atrial
fibrillation because it is suspected of an increased risk of stroke and has been shown to be involved in 15% of
stroke events. Vitamin K antagonists, such as warfarin, and new oral anticoagulants (NOACs), such as rivaroxaban
and edoxaban, are examples of oral anticoagulants that can be used. The class of indirect thrombin inhibitors
that includes heparin, fondaparinux, and enoxaparin also includes intravenous anticoagulants. Pharmacological
rhythm control therapy can use antiarrhythmics such as propafenone and amiodarone. In the meantime,
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combination medication, which includes beta-blockers, digoxin, diltiazem, and verapamil, can be prescribed to
control heart rate.>®

Patients with atrial fibrillation are able to prevent stroke or systemic embolization with warfarin.® Patients
with atrial fibrillation can lower their risk of stroke by about 60% using warfarin. By preventing an increase in
coagulation factors that are dependent on vitamin K, warfarin has anticoagulant effects. Warfarin's initial
therapeutic effect starts with its suppression of factor Il, also known as thrombin. The first line of treatment for
atrial fibrillation in order to prevent stroke is warfarin. Because of its pharmacokinetic parameters, warfarin has
a narrow therapeutic index. Therefore, levels need to be monitored frequently.” Therapeutic blood levels of
warfarin are in the range of 1 to 4 mg/L.2 Over-the-therapeutic levels of warfarin might increase the risk of
bleeding events such as hematuria, melena, severe bruises, or low haemoglobin.® Monitoring drug levels in the
blood in Indonesia cannot be done directly because the costs involved are relatively expensive. One way to
monitor drug levels in the blood is to calculate drug levels pharmacokinetically using a formula based on the
therapeutic dose given to the patient, so that an overview of drug levels in the blood can be obtained.'® Warfarin
levels are measured in the blood using the concentration steady-state (Css) formula for patients who have taken
the drug for a minimum of four days and have amounted to steady state, and the plasma concentration (Cp)
formula for patients who have taken the medication for one to three days but have not yet reached steady
state.!?

Therapeutic monitoring of anticoagulants in atrial fibrillation patients is measured by the prothrombin
time parameter expressed by the International Normalized Ratio (INR).” Because one of the side effects of
anticoagulant medicine is that blood clots easily, making it difficult to stop bleeding if it happens, an INR is a
crucial part of anticoagulant therapy. INR provides an indicator to ensure that the anticoagulant impact is not
significantly strong and to avoid these negative effects. When treating atrial fibrillation with warfarin, the ideal
INR is 2.5, or between 2 and 3.12 The research results of Furdiyanti et al. (2014) show that the maintenance dose
of warfarin on days 15-30 is an average of 2.24 + 0.77 mg/day, while the estimated average warfarin level is at
steady state or on The 30th was 0.658 * 0.315 mg/L, and 9 patients (10.47%) had values within the therapeutic
range. The results of the INR examination showed that 54 patients (62.79%) did not reach the INR target, and 32
patients (37.21%) reached the INR target. The correlation between the estimated blood warfarin levels and the
INR value is not significant with a value of p = 0.180 (p > 0.05), while the correlation coefficient value of 0.146
indicates a positive correlation direction with a very weak correlation strength.® This strengthens the concept of
therapeutic drug monitoring. Prof. Dr. Margono Soekardjo Hospital, Purwokerto, has never conducted research
on estimating warfarin levels in the blood, so it is necessary to determine the level of warfarin in the blood
pharmacokinetically as well as analyze correlations between the level of warfarin in the blood and the
observance of the normal INR value in patients with atrial fibrillation. Besides that, further precautions must be
taken when using warfarin, a drug with a narrow therapeutic index. The purpose of this study was to determine
the blood levels of warfarin using the pharmacokinetic formula and to observe a correlation between the blood
levels of warfarin and the atrial fibrillation patients' getting a normal INR value.

METHODS

This study is a descriptive-analytic one that was conducted utilising medical record data from inpatients
diagnosed with atrial fibrillation at Prof. Dr. Margono Soekarjo Hospital, Purwokerto, from January 2019 to
December 2021. The test participants were not given medication or otherwise engaged in.

Study design

Observational research method with the collection of retrospective data on the medical records of
patients treated with atrial fibrillation in the Prof. Dr. Margono Soekarjo Hospital, Purwokerto period of January
2019-December 2021.

Population and samples

All inpatient atrial fibrillation patients treated at Prof. Dr. Margono Soekarjo Hospital, Purwokerto, from
January 2019 to December 2021 comprised the study's population. The total sampling method was used for
collecting the data. The study sample included patient medical record data that fulfilled the inclusion criteria.
The inclusion criteria in question are as follows: patients with complete medical records that include patient
identity (age, gender, weight, and medical history), drug history (dose, interval within warfarin administrations,
and length of warfarin administration), and objective data (INR) are those who are diagnosed with atrial
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fibrillation and are being treated with oral warfarin therapy. The study excluded patients who died while taking
warfarin and those who were pregnant.

Study instruments
The Case Report Form (CRF) is the tool utilized in this study. The patient's identity, including name, initials,
medical record number, age, weight, warfarin dosage and interval, and INR value data, is included on the CRF.

Data collection
The total sampling method was used to collect research samples. The study was conducted in the medical records
division of Prof. Dr. Margono Soekarjo Hospital, Purwokerto, from May 2022 to May 2023.

Data Analysis
Univariate Analysis

This analysis aims to describe the characteristics of each variable to be studied. The results of the analysis
include age, gender, diagnosis, pattern of warfarin use, calculation of warfarin levels grouped based on levels
that are suitable for therapy and levels that are not suitable for therapy based on calculations of drug levels in
the blood after administration of warfarin, as well as INR values grouped based on normal INR values and
abnormal INR values.

Bivariate Analysis

The association between two variables—the blood warfarin levels and the INR values of atrial fibrillation
patients—was examined using bivariate analysis. The correlation between these two variables was determined
using the Spearman's test. Although the Spearman statistic test is non-parametric, it is not required that the data
follow a normal distribution. The correlation coefficient value indicates the strength of the correlation between
warfarin levels and the accordance of the normal INR value, whereas the significance value in the Spearman test
indicates if there is a correlation between the two variables.

Independent Variable
Blood warfarin levels were the study's independent variable. The average warfarin levels at steady state,
minimum warfarin levels at steady state, maximum warfarin levels at steady state, and plasma levels that are
still above steady state are all included in the pharmacokinetic formula used for estimating the blood levels of
warfarin. Less than 1 mg/dL and more than 4 mg/dL are considered to be above the therapeutic range for
warfarin  levels. The therapeutic range is referred to as between 1-4 mg/dL
Patients who have taken warfarin for more than four days or who have reached steady state are able to

determine the concentration steady-state (Css) formula: 1
_ FxDxKa
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Note : Cp = Drug levels in the blood (mg/L); F = Bioavailability fraction (99%); D = Warfarin dosage (mg); T = Dose
intervals (hour); t = Peak time (hour); Vd = Volume distribution (Liter) (0.14 L/kg); K = Elimination rate constant

, 0.693 0.693
(lam 1); (K - %eliminatian !
t1/2 absorption= 0,5 hour)

Through monitoring the patient's blood warfarin levels and using the Concentration Steady State (Css)
and Plasma Concentration (Cp) formulas to estimate warfarin levels pharmacokinetically, the study was able to
determine the patient's warfarin levels based on the dosage and interval of warfarin administration.!!

The clearance calculation procedures involve multiplying a volume of distribution, which is determined
by multiplying the body weight of each patient by a set value of 0.693 and dividing the result by the 40-hour half-
life of warfarin. The concentration steady state average (Css ave) formula is then filled in with the estimated
clearance value. In the meantime, the elimination rate (k), which is determined by dividing the constant value by
the warfarin half-life, is used to estimate Cggmin and Cggmax. This results in an elimination rate value of 0.0173
hours per day. The 693 and dividing the result by the 40-hour half-life of warfarin. The consentration steady state
minimum (Cgsmin) and concentration steady state maximum (Csgmax) formulas are then filled in using the
estimated elimination rate values. The Ka value (absorption rate constant) used for Cp calculations is obtained
by dividing the constant value by the absorption half-life of warfarin, which produces a value of 1.386 hours.

t1/2 elimination = 40 hours); Ka = Absorption rate constant (jam™?); (Ka = 7/,
7absorptlon
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When a fixed dose is administered at the same drug administration interval, the concentration steady state
average represents the average drug concentration in plasma during the dosing period at steady state. In
addition to the concentration steady state average, estimates for concentration steady state maximum and
concentration steady state minimum are also obtained. The maximum and lowest drug concentrations in plasma
at steady state that result from administering a set dose at the same dosing interval are known as Cggmax and
Cgsmin. Cp is the medication's plasma concentration. For patients whose warfarin usage has occurred for no
fewer than four days, steady state warfarin levels (Css) are determined; for patients whose warfarin use has
lasted for less than four days, Cp is utilised. The drug's elimination half-life should be taken into consideration
while calculating dosage intervals.!

Dependent Variable
The accordance of the usual INR value is the research's dependent variable. When treating atrial fibrillation
with warfarin, the preferred INR value is in the range of two and three.!?

Eligibility criteria

The study sample included patient medical record data that fulfilled the inclusion criteria. The inclusion
criteria in question are as follows: patients with complete medical records that include patient identity (age,
gender, weight, and medical history), drug history (dose, interval within warfarin administrations, and length of
warfarin administration), and objective data (INR) are those who are diagnosed with atrial fibrillation and are
being treated with oral warfarin therapy. The study excluded patients who died while taking warfarin and those
who were pregnant.

RESULTS AND DISCUSSION

The population of inpatient atrial fibrillation patients at Prof. Dr. Margono Soekarjo Hospital in the period
January 2019-December 2021 was 697. Of the samples obtained, 63 patients met the inclusion criteria, and 10
patients met the exclusion criteria because they died while using warfarin. Of the 63 patients, there were 6 who
used 2 different doses of warfarin, so the total number of cases calculated by pharmacokinetic blood levels of
warfarin was 69.

Patient Characteristics

The characteristics of the 63 patients included in the inclusion criteria are presented in Table I. The results
of the study show that the number of male patients is greater than that of female patients, namely 55.56% and
44.44%. The results of this study are in accordance with research by Chung, M.K., et al. (2020), which stated that
the prevalence of atrial fibrillation in 1990-2010 was that men had a higher prevalence every year than women.*3
There are several things that influence the difference in the incidence of atrial fibrillation in men and women,
such as anatomical factors in the form of the size of the left atrium and hormonal factors. Men have a larger
atrium than women. The left atrium plays a major role in cardiac physiology by collecting blood during systole
and modulating left ventricular filling during diastole. Left ventricular diastolic dysfunction or mitral valve disease
can cause pressure on the left atrium and volume overload, which, if maintained, can result in remodelling and
enlargement of the left atrium. In this regard, left atrial enlargement is associated with a higher risk of atrial
fibrillation (4—7) and cardiovascular events.!> Sex hormones also influence the incidence of atrial fibrillation. The
incidence of atrial fibrillation in premenopausal women is low but increases after menopause. This is due to post-
menopausal hormonal changes, namely estrogen. With reduced oestrogen levels after menopause, blood
pressure, cholesterol, metabolic syndrome, and BMI increase, which can develop into atrial fibrillation. In men
over 80 years of age, reduced testosterone levels increase the risk of atrial fibrillation threefold.!® Lifestyle factors
can also influence the risk of atrial fibrillation, such as men having a higher prevalence of being overweight,
smoking, and consuming alcohol compared to women. Smoking, alcohol consumption, and overweight/obesity
showed moderate to strong associations with atrial fibrillation. The risk of atrial fibrillation differed substantially
across the spectrum of health behaviours, with a 282% increased risk in people who smoked, drank more alcohol
(14 units/week), and were obese compared with normal-weight nonsmokers with no or no alcohol consumption.
Avoiding these three health behaviours could help prevent approximately 25% of all cases of atrial fibrillation in
the population if a direct causal effect of these behaviours is assumed.’

The age characteristics of the patients in this study are categorised based on the World Health
Organisation (2021), which states that the age categories of patients are divided into 3 categories: 0—18 years
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Table I. Patient Characteristics

. . Amount Percentage
Patient Characteristics (n) (%)
Gender

Male 35 55.56
Female 28 44.44
Age (WHO, 2021)
19-60 y.o (Adult) 31 49.2
>60 y.o (Elderly) 32 50.8
Primary Diagnosis
Cardiovascular
Atrium Fibrillation 36 57.14
Congestive Heart Failure 10 15.87
Stroke infarct 4 6.34
Premature Ventricular Contractions 2 3.17
Mitral Valve Insufficiency 2 3.17
Bronchopneumonia 2 3.17
Others 5 7.93
Non-Cardiovascular
Pertrochanteric fracture 1 1.58
Leukemia 1 1.58

Secondary Diagnosis

Cardiovascular
Atrium Fibrillation 27 20.3
Congestive Heart Failure 22 16.54
Mitral stenosis 10 7.51
Pneumonia 10 7.51
Cardiomegaly 9 6.76
HHD 9 6.76
Premature ventricular contractions 7 5.26
Bronchopneumonia 5 3.75
Chronic cardiac ischemia 5 3.75
Mitral valve insufficiency 4 3
Others 25 18.79

Non-Cardiovascular
Dyspepsia 10 12.5
Hypokalemia 9 11.25
Kidney failure 6 7.5
Hyperkalemia 6 7.5
Others 49 61.25

old is children, 19-60 years old is adults, and over 60 years old is elderly. Based on table |, the characteristics of
patients in this study show that there are more elderly patients (> 60 years) than adult patients (19-60 years),
namely 50.8% and 49.2%. These results are in accordance with research by Morseth, B., et al. (2021) showing
that the incidence of atrial fibrillation increases with age.l® The prevalence of atrial fibrillation increases
exponentially at age 50 and increases rapidly after age 70.1° When it comes to atrial fibrillation, a 40-year-old
man has a 26% chance and a 22.7% risk of experiencing it when he is 80 years old, whereas a 40-year-old woman
has a 23% danger and a 21.6% risk when she is 80 years old.?° Patients who are older than those who are younger
are more susceptible to warfarin. These multifactorial age-related alterations in drug response include reduced
clearance, albumin binding, and renal excretion, all of which affect pharmacokinetics. Furthermore, through
drug-drug and disease-drug interactions, older patients with more concomitant diseases and concurrent
medication use may have complex impacts on the effects of warfarin.?! Patients with structural heart disease,
comorbidities, and cardiovascular risk factors are more likely to die from atrial fibrillation. Atrial fibrillation and
comorbidities can often lead to heart disease. Hypertension (67-76%), heart failure (22—42%), diabetes (20—
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24%), obesity (20-35%), chronic lung disease (10-18%), thyroid dysfunction (8—11%), kidney failure (11-22%),
stroke/transient ischemic attack (9-16%), and neuropsychiatric disorders (19%) are among the most common
comorbidities.?? In this study, based on Table I, heart failure is the most common cardiovascular disease that
accompanies the incidence of atrial fibrillation, both in primary diagnosis (15.87%) and secondary diagnosis
(16.54%).

Heart failure occurs due to tachycardia, fibrosis, and irregular atrial contractions, which are the
pathophysiological causes of atrial fibrillation. Diastolic dysfunction, or shortening the heart's relaxation period
during diastole when the ventricles fill with blood, occurs when brought on by prolonged tachycardia. A rapid
heartbeat shortens the time the ventricles can fill, disrupting ventricular relaxation and leading to heart failure.
The ventricles may become rigid due to fibrosis, which makes it difficult for them to contract during diastole. It
might also aggravate the symptoms of heart failure.? The incidence of atrial fibrillation in heart failure patients
was 46.7%, significantly increasing the risk of acute heart failure hospitalisation?*. Meanwhile, the most common
non-cardiovascular disease that accompanies atrial fibrillation is dyspepsia (12.5%).

Usage Patterns for Oral Warfarin

Based on the results of this study, there were five dosage regimens given to inpatients diagnosed with
atrial fibrillation. These doses are 1 mg, 2 mg, 3 mg, 5 mg, and 6 mg, given every 24 hours. Based on Table I, it is
known that the warfarin dose of 2 mg every 24 hours is the dose most commonly used in atrial fibrillation
patients, with a total of 62 patients (89.87%). The range of warfarin doses used in this study was around 1 mg—6
mg/day, so the warfarin dose used was lower than the dose recommended by PIONAS BPOM (2023), which states
that usually the dose of warfarin is a continued support or maintenance dose in adults for atrial fibrillation
patients. is 3 mg—9 mg/day, depending on prothrombin time. The usual induction dose of warfarin in adults with
atrial fibrillation is 10 mg/day for 2 days, and higher doses are not recommended.?® However, according to
Effendi (2017), the principles of atrial fibrillation therapy are: antithrombotic for stroke prevention, heart rate
control, heart rhythm control, and additional therapy. The warfarin dose used must be adjusted to the INR target
of 2-3.2° Following the start of treatment, the frequency of INR testing decreases when the INR response is
monitored until an established dose-response correlation is maintained.?’” The amount of warfarin used must be
suitable for the patient's condition; otherwise, bleeding events such as hematuria, melena, excessive bruising,
or decreased haemoglobin will occur. In addition, taking a high dose of warfarin can result in bleeding or
thrombosis.>

Many variables, including age, gender, comorbidities, nutritional state, concurrent use of drugs,
compliance, and genetic polymorphisms, affect a patient's response to warfarin.?>3 Numerous factors, including
age, gender, comorbidities, nutritional condition, concurrent drug usage, compliance, and genetic
polymorphisms, affect a patient's reaction to warfarin.® Age and genetic variants in VKORC1 and CYP2C9 affect
the variability of INR values among Indonesians, while gender, body weight, and concurrent use of other
medicines have little effect on INR values.3® A number of variables, including failure with therapy, drug
interactions (pharmaceutical or herbal), dietary or alcohol intake changes, comorbid or systemic disorders, or
other unidentified causes, can affect INR values that fluctuate in individuals. Patient noncompliance is one of the
variables that can alter the INR.3?

Warfarin Levels in Blood Estimated Using Pharmacokinetics

Data used to calculate estimated levels include warfarin dose (mg), warfarin bioavailability (99%), patient
body weight, volume of distribution (L), clearance value (L/hour), peak time (hours), and warfarin administration
interval (hours). Data regarding warfarin dose (mg), patient weight (kg), and warfarin administration interval
were obtained through patient medical record data at Prof. Dr. Margono Soekarjo Hospital, Purwokerto. Data
regarding warfarin's bioavailability of 99%, distribution volume of 0.14 L/BW, and warfarin's half-life of 40 hours
were obtained from the literature.33 Patients may suffer toxic effects because the drug concentration is too high
(exceeding Css max) or subtherapeutic effects because the drug concentration is too low (lower than Cgg min).3*

This study's findings showed that 69 inpatient atrial fibrillation cases were treated with warfarin. Of the
patients in this case, 4 (5.79%) had warfarin levels that were within the therapeutic limit, and 65 (94.21%) had
levels that were below it. The findings of this investigation are consistent with a study conducted in 2020 by
Rahmatini, R., et al., which showed that more patients had warfarin concentrations below 1 mg/L than patients
with concentrations within the therapeutic range; especially, of a total of 45 patients, 23 patients (51%) had
concentrations below 1 mg/L.3> According to research from Furdiyanti, N.H., et al. (2014), of 86 patients, only
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Table Il. Warfarin Use Patterns in Inpatient Atrial Fibrillation Patients Based on Dosage at Prof. Dr. Margono
Soekarjo Hospital, Purwokerto

Dosage warfarin Number of Patients (%)
1 mg/24 hours 2 2.9
2 mg/24 hours 62 89.87
3 mg/24 hours 3 4.35
5 mg/24 hours 1 1.44
6 mg/24 hours 1 1.44

Total 69 100

10.47% had warfarin levels in the therapeutic range on day 7, only 8.14% had levels in the therapeutic range on
day 10, and only 10.47% had levels in the therapeutic range on day 30.% Table Il shows the pharmacokinetic
estimate of warfarin blood levels.

Variations in parameter values in pharmacokinetic calculation, such as volume of distribution (Vd) and
clearance (Cl), caused variations in the drug levels in the blood of research respondents. The literature's volume
of distribution and clearance values which are often Caucasian in race were collected from studies conducted
with non-Indonesian populations.3® Additionally, variations in the dosages administered, the use of additional
medications, and individual variability may have contributed to variations in the drug levels in the blood of the
study's participants. It's important to think about dosage settings and delivery frequency to ensure that blood
medication levels stay within the therapeutic range. In general, a medicine won't have a therapeutic effect if its
level is below the minimum effective concentration (MEC). On the other hand, signs of drug toxicity often
manifest if the drug level in the blood surpasses the minimum toxic concentration (MTC). A number of
combinations is another significant factor that might have an important effect on the medication levels in a
treatment regimen.3” The measurement of drug levels in the blood is significantly influenced because of
individual variability, which includes factors such as body weight, drug dosage, age, gender, and polytherapy.32

Table Il shows patients with steady-state warfarin levels (Css). Of the four patients who had warfarin
levels within the therapeutic range, only two had normal INR values, namely patient no. 17 and patient no. 45,
while patients no. 14 and 18 had warfarin levels within the therapeutic range, but based on examination of the
INR values, these patients had INRs greater than 3. Based on medical records, patient number 14 experienced
clinical improvement in the form of reduced shortness of breath and improvement in vital signs in the form of
normal RR (respiratory rate) and pulse. Both patients did not experience symptoms of toxicity such as coughing
up blood, nosebleeds, or bloody stools after 4 days of using oral warfarin. In addition, based on patient medical
record data, patient No. 17 had warfarin levels in the therapeutic range and had a normal INR range, indicating
that the patient had clinical improvement, namely reduced shortness of breath and abdominal pain and
improvement in vital signs (normal pulse and respiratory rate). This can be caused because the onset of action
of warfarin is usually 24 to 72 hours. The half-life of warfarin is generally 40 hours, so peak therapeutic effects
can be seen 5 to 7 days after initiation.3° Therefore, it can be stated that warfarin's therapeutic effects can endure
in the body for a while, even if its levels are below what is suggested.

Besides that, a different administration dose is another factor that affects the impact of variable warfarin
levels in the blood on the clinical improvement of the patient. The correlation between dosage and drug
concentration in the blood is significant. Higher doses usually result in higher levels, while smaller amounts
usually generate lower levels. It's important to think about dosage settings and delivery frequency to ensure that
blood medication levels stay within the therapeutic range. In general, a drug can't have a therapeutic effect if its
level is below the minimal effective concentration. However, signs of drug toxicity usually surface if the blood
drug level is higher than the minimum toxic concentration.'® The correlation between dosage and plasma, or
drug concentration in the blood, serves as a foundation for drug therapy monitoring. Drug levels in the blood can
be estimated, and this data can be used to adjust the dosage to get the right concentration and therapeutic
effect.?® According to the study's findings, participants' blood levels of warfarin vary even though they received
the same dose of the drug. Age variants, drug interactions during therapy, hepatic and renal function problems,
and comorbidities are among the reasons for this. 10241

Drug interactions also affect warfarin levels in the blood. The presence of combinations in a therapeutic
regimen can significantly influence drug levels.*® Protein-binding interactions are one of the pharmacokinetic
mechanisms of drug interactions with warfarin. This interaction may cause warfarin to be eliminated from
protein binding sites, increasing warfarin concentrations in free plasma and increasing the potential for warfarin
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Table Ill. Estimation of steady-state Warfarin levels (Css ave, Cgs max, and Csg min) in Atrial Fibrillation
Patients at Prof. Dr. Margono Soekarjo Hospital, Purwokerto.

Warfarin dose cl Estimating levels (mg/L)

No (mg/day) vd (L) (L/hour) Css ave Css max Css min INR
1 2 0.14 0.121 0.680 0.808 0.525 2.76
2 2 0.14 0.133 0.618 0.735 0.478 1.01
3 2 0.14 0.194 0.425 0.505 0.328 1.43
4 3 0.14 0.158 0.523 0.622 0.404 1.02
5 2 0.14 0.121 0.680 0.808 0.525 1.09
6 6 0.14 0.146 0.283 0.337 0.219 1.09
7 2 0.14 0.097 0.850 1.010 0.657 1.20
8 2 0.14 0.218 0.378 0.449 0.292 1.54
9 2 0.14 0.150 0.549 0.652 0.424 1.31
10 2 0.14 0.150 0.549 0.652 0.424 1.34
11 2 0.14 0.218 0.378 0.449 0.292 1.47
12 2 0.14 0.158 0.523 0.622 0.404 1.71
13 2 0.14 0.121 0.680 0.808 0.525 1.03
14 2 0.14 0.121 1.020* 1.212 0.788 5.04
15 2 0.14 0.158 0.523 0.622 0.404 6.18
16 2 0.14 0.170 0.486 0.577 0.375 1.92
17 2 0.14 0.146 1.417* 1.684 1.094 1.13
18 2 0.14 0.146 1.701* 2.020 1.313 6.00
19 2 0.14 0.121 0.680 0.808 0.525 1.64

20 2 0.14 0.146 0.567 0.673 0.438 1.21

21 1 0.14 0.133 0.309 0.367 0.239 4.2

22 2 0.14 0.146 0.567 0.673 0.438 1.19

23 2 0.14 0.116 0.709 0.842 0.547 3.15

24 2 0.14 0.116 0.709 0.842 0.547 1.99

25 2 0.14 0.121 0.680 0.808 0.525 1.36

26 3 0.14 0.194 0.638 0.758 0.492 1.24

27 2 0.14 0.158 0.523 0.622 0.404 3.60

28 2 0.14 0.114 0.724 0.860 0.559 3.37

29 2 0.14 0.211 0.391 0.464 0.302 1.01

30 2 0.14 0.124 0.667 0.792 0.515 1.49

31 2 0.14 0.114 0.724 0.860 0.559 1.07

32 2 0.14 0.146 0.567 0.673 0.438 3.48

33 2 0.14 0.121 0.680 0.808 0.525 1.98

34 2 0.14 0.177 0.466 0.554 0.360 1.23

35 2 0.14 0.121 0.680 0.808 0.525 1.08

36 2 0.14 0.097 0.850 1.010 0.657 0.91

37 2 0.14 0.121 0.680 0.808 0.525 1.36

38 2 0.14 0.201 0.410 0.487 0.316 1.01

39 2 0.14 0.143 0.577 0.685 0.445 1.77

40 2 0.14 0.121 0.680 0.808 0.525 4.92

41 2 0.14 0.170 0.486 0.577 0.375 1.92

42 2 0.14 0.182 0.454 0.539 0.350 1.64

43 2 0.14 0.090 0.919 1.092 0.710 1.26

44 2 0.14 0.107 0.773 0.918 0.597 0.92

45 3 0.14 0.116 1.063* 1.263 0.821 1.42

46 2 0.14 0.114 0.724 0.860 0.559 7.93

47 2 0.14 0.182 0.454 0.539 0.350 1.15

48 2 0.14 0.194 0.425 0.505 0.328 1.45

49 2 0.14 0.109 0.756 0.898 0.584 2.5
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Table Ill. (Continued)

Warfarin dose c Estimating levels (mg/L)
No (mg/day) vd () (L/hour) Css ave Css max Css min INR
50 2 0.14 0.109 0.756 0.898 0.584 7.92
51 2 0.14 0.109 0.756 0.898 0.584 7.28
52 2 0.14 0.099 0.830 0.986 0.641 294
53 2 0.14 0.124 0.667 0.792 0.515 6.80
54 2 0.14 0.112 0.739 0.878 0.571 1.37
55 2 0.14 0.133 0.618 0.735 0.478 1.42
56 2 0.14 0.146 0.567 0.673 0.438 1.45
57 2 0.14 0.097 0.850 1.010 0.657 5.35
58 2 0.14 0.097 0.850 1.010 0.657 4.85
59 2 0.14 0.146 0.567 0.673 0.438 1.36
60 2 0.14 0.124 0.667 0.792 0.515 2.24
61 2 0.14 0.114 0.724 0.860 0.559 0.98
62 2 0.14 0.170 0.486 0.577 0.375 1.60
63 2 0.14 0.170 0.486 0.577 0.375 243
64 2 0.14 0.141 0.586 0.697 0.453 1.06
65 2 0.14 0.097 0.850 1.010 0.657 1.09
66 2 0.14 0.121 0.680 0.808 0.525 1.81
67 2 0.14 0.150 0.549 0.652 0.424 1.14
68 2 0.14 0.121 0.680 0.808 0.525 1.25
69 2 0.14 0.146 0.567 0.673 0.438 3.05

Note = *within the therapeutic range (1-4 mg/L)

toxic exposure.*! Warfarin concentrations are influenced by liver and kidney function. Damage to the kidneys
can change the responsiveness and bioavailability of drugs that are mostly metabolised by the liver, as well as
decrease non-renal clearance. Warfarin dosages for patients with moderate to severe renal impairment should
be lower than for those without mild renal impairment. Warfarin levels may increase as a result of reduced
kidney function, increasing the risk of bleeding.*? Furthermore, because the liver is the main pathway of warfarin
treatment, abnormal liver function may increase warfarin levels, lower coagulation factors, and increase the risk
of bleeding. Because the metabolism of warfarin depends on cytochrome P450 enzymes, people with liver
diseases or disorders may have changes in the activity of these enzymes.*3

When using warfarin anticoagulant therapy, the risk of adverse events can be prevented by monitoring
therapeutic levels and monitoring INR. Individual patient factors such as compliance, dosage, and INR monitoring
play an important role in the success of warfarin therapy in atrial fibrillation patients.** The purpose of monitoring
INR readings in this study is to keep current with patients' warfarin drugs. An INR of two to three should be
considered while treating bleeding in atrial fibrillation.'? This range is used to lower the risk of systemic embolism
and prevent venous thromboembolism in patients with valvular heart disease and atrial fibrillation.*

Correlation of Warfarin Levels with Corresponding Normal INR Values

The purpose of this study was to determine the normal INR value for patients with atrial fibrillation who
were taken to Prof. Dr. Margono Soekarjo Hospital, Purwokerto, and the blood levels of warfarin. Spearman For
the purpose of finding out if there was a correlation between the two variables, a test analysis occurred. Table
IV shows the analysis results.

Based on these results, the number of patients who had normal INR values was smaller than the number
of patients who had abnormal INR values, namely 21 patients and 48 patients. The results of the Spearman-test
statistical analysis showed a p value of 0.31 (p > 0.05), meaning that the correlation between warfarin levels in
the blood and the corresponding INR value was not significant. The same results were also shown in research by
Furdiyanti, N.H., et al. (2014), showing the results of the Spearman correlative test between warfarin levels in
the blood and the INR value, which showed a value of p = 0.180 (p > 0.05), meaning the correlation between
warfarin levels in the blood and insignificant INR values®. Separate from that, research by
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Table IV. Correlation of warfarin levels in patients who have normal INR values

Compatibility of INR Normal  Number of INR Warfarin levels

Values Patients (Mean £SD)  (mg/L) (Mean t SD) p value R

ZSE:;T;::L.INR valueis 21 (1.3340.29) (1.3040.32)

The normal INR value is not 0.31 0.122
. 48 (4.57+1.85) (0.61+0.14)

appropriate.

Total 69

Suryoputri, M.W., et al. (2020) shows drug levels and clinical outcomes obtained in respondents who used
monotherapy or polytherapy of valproic acid have no significant correlation (p > 0.05).%°

The Spearman test result for this study's R value is R = 0.122, showing a positive correlation with a very
weak correlation strength. This study correlates with that of Furdiyanti, N.H., et al. (2014), who found that the
Spearman test correlation coefficient measured an r value of 0.146, indicating a very low, even positive
correlation strength and direction.® Many variables, such as the amount of the warfarin dose, drug interactions,
noncompliance, alcohol, smoking, and genetic factors, may contribute to the failure to achieve a normal INR.*
In this study, 62 of the 69 patients who had atrial fibrillation received 2 mg of warfarin daily. The AHA/ACC
Guideline to Warfarin Therapy (2014) states patients with atrial fibrillation using a dose of 5 mg/day will achieve
an INR value > 2 in 5-6 days. Whereas the 5 mg dose had a mean time for achieving the target INR of 2.0-3.0 in
a study by Agustini, T., T., et al. (2016), which was significantly different compared to the 2 mg dose and the 4mg
dose.* However, warfarin dosing is highly individualised for each patient, and maintenance of warfarin dosing
can be challenging due to variations in patient characteristics.*® Drug and/or food interactions can also affect
absorption and inhibit the anticoagulant effect of warfarin, requiring higher warfarin doses to achieve
therapeutic INR. Factors in warfarin distribution can also influence INR values. Warfarin is highly bound to plasma
proteins. Changes in protein levels or protein binding interactions can result in the displacement of warfarin from
protein binding sites, increasing free warfarin plasma concentrations, and potentially affecting INR values.*

Numerous drugs and herbal products have the ability to either increase or decrease the effects of warfarin
levels. According to data obtained from medical records, 52 out of 69 patients in this study used digoxin and
warfarin, 21 out of 69 patients used bisoprolol and warfarin, and 13 out of 69 patients used aspirin and warfarin.
Digoxin and aspirin use together may increase the risk of bleeding, so warfarin doses must be adjusted based on
prothrombin time, or INR. Additionally, vitamin K-rich foods (broccoli, spinach, lettuce, mustard greens, and kale)
may increase warfarin levels when combined with warfarin in the body, which decreases warfarin's
effectiveness.?” This risk may further increase with patient age and other diseases.*® Additionally, other drugs,
such as cimetidine, can increase INR by inhibiting the metabolism of R-warfarin. Concomitant use of warfarin
with salicylates may cause an increased risk of bleeding because salicylates inhibit platelet aggregation, may
cause gastric irritation, and result in increased free warfarin levels because salicylates have a higher affinity for
protein binding sites. Phenytoin may cause an increase or decrease in INR. After the initiation of phenytoin, the
INR may increase due to the displacement of warfarin from protein binding sites. Meanwhile, there are
interactions between warfarin and herbal products. Green tea has been associated with inhibiting the effects of
warfarin and decreasing INR due to its high amount of vitamin K.

The amount of warfarin needed to achieve desired anticoagulation and the amount of treatment needed
to reach target INR vary significantly among individuals. Clinical or lifestyle factors (e.g., patient age, weight, BMI,
gender, smoking status, medical history, and current medications) as well as genetic factors have been shown to
relate to some of these differences. The two most significant known genetic predictors of warfarin dosage are
the VKORC1 and CYP2C9 genotypes. The enzyme vitamin K epoxide reductase, which has been encoded through
the VKORC1 gene, triggers the rate-limiting step in vitamin K recycling, which is the reduction of vitamin K epoxide
to vitamin K. Warfarin is another medication that affects this enzyme. Variations in VKORC1 genetics might
enable patients to take warfarin at different dosages. Higher warfarin dosages are needed in individuals with
elevated VKORC1 enzymes in order to achieve the target concentration. The liver's CYP2C9 enzyme has
responsibility for taking down warfarin. In affecting the rate of warfarin metabolism, CYP2C9 variability might
have an impact on the body's level of warfarin. This genetic variability may affect the amount of warfarin that
needs to be given in order to achieve the necessary INR range.*°

There might be other medications that can affect warfarin levels because the pharmacokinetic estimation
of warfarin levels in this study didn't take into consideration other drug use in patients. It is crucial to take into
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consideration other factors that could have an influence on the INR value if it is within the therapeutic range
while the warfarin level in the blood remains below the target. Adjusting the warfarin dose is necessary if
monitoring shows bleeding events in patients. The warfarin dose is required to be adjusted to enhance clinical
outcomes and patient safety. In addition, the limited sample size in this study could have an influence on the
correlation between patients' warfarin levels and appropriate INR values.

CONCLUSION

Based on the results of this study, it can be concluded that the correlation between warfarin levels in the
blood and the appropriate INR value is not significant (p > 0.05), where the R value in the Spearman test shows
R =0.122, meaning the direction of the correlation is positive with a very weak correlation strength.
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