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Abstract

Context: For the prevention and management of thromboembolic complications, warfarin is the most extensively recommended
anticoagulant. It is categorized as a drug with a narrow therapeutic window. Therefore, warfarin prescription requires special at-
tention related to therapeutic drug monitoring.

Evidence Acquisition: By categorizing the clinical implications of warfarin, this manuscript aims to provide a comprehensive
(albeit somewhat brief) conclusion associated with its pharmacotherapy. The key words relevant to the topic were searched. Con-
sequently, articles relevant to the pharmacotherapeutic management of warfarin were selected and reviewed in their entirety.
Results: To obtain a reasonable level of stability between the required antithrombotic treatment and the risk of bleeding, an anal-
ysis of the literature revealed that the prothrombin time in terms of the international normalized ratio (INR) was found for each
individual. The best model for stable warfarin dosage prediction was found to be based on multiple linear regression. Genotype-
guided procedures were established to: 1, improve the time in the therapeutic range; 2, reduce time to the first therapeutic INR; and
3, reduce the time for the stable doses. Vitamin K epoxide reductase is an enzyme with an important role in vitamin K metabolism,
and warfarin is metabolized in hepatocytes via a monooxygenase, cytochrome P450 ,C,. In patients carrying 2C9*1/*2 and 2C9*2[*2
or 2C9*1/*3 alleles, the dose is recommended to be reduced by 18% - 40% and 21% - 49%, respectively.

Conclusions: Race, age, body surface area, chronic kidney disease, CYP2C9*3 level, and VKORCI variants could affect the dose of
warfarin. To administer the proper doses of warfarin, patients and physicians might achieve the best results with the pharmacol-
ogist proficient anticoagulation database and recommended continuation program. Owing to its’ unpredictability, caution must
be taken when prescribing warfarin. More advanced warfarin pharmacotherapy studies are recommended based on a linear regres-

sion model specifically in the Iranian population.
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. Context

Warfarin, otherwise known as Coumadin, Jantoven,
Marevan, or Uniwarfin, has a systemic international union
of pure and applied chemistry name of (RS)-4-Hydroxy-3-
(3-oxo-1-phenylbutyl}-2H-chromen-2-one. It is an anticoag-
ulant usually administered via oral or intravenous routes
for the prevention of: 1, thrombosis; 2, thromboembolism;
and 3, the development of blood masses in the blood ves-
sels. In 1948, the drug was presented as an insecticide
against rats and mice, and then in 1950, its safety and effi-
cacyasananticoagulantwas established and consequently
it was used for such treatment in 1954 (1-3). More specifi-
cally, it is used for the prevention and treatment of throm-
boembolic events in patients with deep vein thrombosis,
pulmonary embolism, atrial fibrillation, and prosthetic
heart valves. However, regardless of its efficiency, treat-
ment with warfarin comes with numerous problems (4).

Due to the narrow therapeutic window, deciding upon a
suitable dosage of warfarin is a challenging task (5). For
instance, a body mass index of more than 30 has been con-
nected to augmented time for achieving a therapeutic in-
ternational normalized ratio (INR) on the starting dose of
warfarin, as well as higher maintenance doses (6).

Table 1 shows the clinical data on warfarin. After oral
administration, the drug has a bioavailability of 79% -
100%. Warfarin has a protein binding rate of 99%. With a
mean of 40 hours, the minimum and maximum half-life
of the drug has been reported as 20 to 60 hours, respec-
tively. 92% of the drug is excreted through the kidneys.
The main organ for metabolism of the drug is the liver
through the activation of CYP3C9, 2C9, 2C8, 1A2, and 3A4.
Indandione derivatives (fluindion) or coumarin deriva-
tives (acenocoumarol, phenprocoumon, or warfarin) are
involved in vitamin K antagonist metabolism. Concern-
ing the latter, the shorter half-life acenocoumarol or longer
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half-life phenprocoumon are coumarins that are not com-
pletely interchangeable with warfarin.

Figure 1 shows the mechanism of action for warfarin.
In the coagulation process, the inactive factors II, VIJ, IX,
and X should be converted to active forms by the cofac-
tors K;H, for y-glutamyl carboxylase (GGCX). In the blood
stream, vitamin K; is carried by apolipoprotein E, and then
taken up by receptors. It is then reduced to vitamin K;H,
by vitamin K reductase. Vitamin K epoxide reductase com-
plex 1 (VKORCI1) and possibly epoxide hydrolase 1 (EPHX1)
catalyze the reduction of vitamin K;O. Warfarin, after being
metabolized by cytochrome P450 isoforms to R-warfarin
and S-warfarin, inhibits VKORC1, decreases the amount of
vitamin K;H, and thus interferes with the activation of
clotting factors (1-6, 14, 15). The aim of this review is to
briefly provide updated information related to the phar-
macotherapy of warfarin in different clinical practices.
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Figure 1. Mechanism of Action of Warfarin

Figure 2. Ball-and-Stick Model of Warfarin

2. Evidence Acquisition

Inter- and intra- individual variation of pharmacother-
apy using warfarin needs to be well-designed and then doc-
umented individually for each prescription. As a result,
clinical trials and review articles on obtaining efficiency of
warfarin use in clinical practice were collected and evalu-
ated. In this article, we provide a summary of the warfarin
mechanisms of action that contribute to the beneficial ef-
fects of the drug and the conditions facilitating ideal ef-
fectiveness of prescription-based therapies in clinical prac-
tice.

2.1. Survey Method

The United States national library of medicine
(PubMed, NLM) database was searched. The key words
relevant to warfarin were investigated, including the
following: 1, warfarin; 2, warfarin efficacy and safety; 3,
warfarin efficacy and safety in clinical practice; 4, warfarin
dosing; 5, warfarin in neurology; and 6, warfarin dosing
in neurology. The total numbers of articles published
were as follows: (1) 22,768 (24 November 1950 to 25 June
2015); (2) 1,005 (June 1975 to 29 May 2015); (3) 155 (April
1994 to 17 May 2015); (4) 976 (February 1973 to June 2015);
(5) 744 (July 1968 to 26 June 2015); and (6) 15 (July 2005 to
May 2015), respectively. Subsequently, items applicable to
the pharmacotherapeutic management of warfarin were
nominated and evaluated in their entirety.
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Table 1. Clinical Data of Warfarin

Clinical Issues Information

IUPAC name (RS)-4-Hydroxy-3-(3-oxo-1-phenylbutyl)- 2H-chromen-2-one
Trade names Coumadin, Jantoven, Marevan

Legal status By prescription only

Pregnancy category D (AU), X (US)

Route of administration

Oral or intravenous

Bioavailability 70% -100%

Protein binding 99%

Half-Life 20 - 60 hours (mean 40 hours)

Metabolism Hepatic (CYP2C9, 2C19, 2C8, 2C18, 1A2, and 3A4)

Administration By prescription only, route of: oral or intravenous, available as: 0.5 and 1 mg

Effectiveness 1, Prevention and treatment of thromboembolic events in patients with deep vein thrombosis, pulmonary embolism, atrial fibrillation
and prosthetic heart valves; (4) and 2, more effective in patients with high blood pressure, or left ventricular dysfunction particularly
individuals aged > 75 years (7).

Dose Differs by race, age, body surface area, chronic kidney disease, amiodarone, CYP2C9*3, and VKORCI variants. In those carrying 2C9*1/*2 and

Drug-Drug interaction

2C9*2[*2 or 2C9*1[*3 alleles, the dose is recommended to be reduced by 18% - 40% and 21% - 49%, respectively (8).

1, Oseltamivir (9); 2, Simvastatin; 3, Metronidazole; 4, other macrolides; 5, broad-spectrum antibiotics; 6, food that contains large
quantities of vitamin K;; 7, banana flakes (10); 8, hypothyroidism; 9, excessive use of alcohol; 10, many herbs and spices such as ginseng
and Ginkgo biloba, borage (starflower) oil, fish oils; and 11,cranberry juice.

Reported adverse effects 1, The higher risk of bleeding in patients obese as BMI > 30 could increase time to achieve a therapeutic INR (starting dose and
maintenance dose) (6); 2, spontaneous spinal subdural hematoma at a rare level (11); 3, bleeding, particularly intracranial hemorrhage
with multiple cerebral microbleeds (12); 4, bleeding events and life-threatening hemorrhage (13); 5, Warfarin embryopathy connected
with maternal warfarin ingestion, warfarin resistance, extreme anticoagulation and warfarin reversal (14).
3. Results cally or clinically guided (20). Studies confirm the need for

As the most widely prescribed anticoagulant for the
prevention and treatment of thromboembolic events, war-
farin blocks the synthesis of the specific vitamin-K depen-
dent coagulation factors II, VII, IX, and X, as well as two
vitamin K-dependent plasma proteins C and S (16). Even
though the drug is greatly effective for these purposes,
its use is restricted by a narrow therapeutic window with
a more than ten-fold alteration in the dose necessary for
satisfactory anticoagulation in different adults. Further-
more, in spite of the absence of an ideal dosing approach
in overweight patients, warfarin remains the most com-
monly used anticoagulant (17). An optimum dose that se-
cures appropriate stability among both the required an-
tithrombotic outcome and the risk of bleeding as mea-
sured by the INR prothrombin time must be planned based
on inter-and intra- individual variability. A priori dose pre-
diction and a posteriori dose revision seem to be needed in
order to obtain the most effective outcomes (17-19).

Warfarin is more effective in patients with high blood
pressure or left ventricular dysfunction, particularly indi-
viduals aged > 75 years (7). A study of dosing algorithms
comparing inpatients with outpatients showed similari-
ties irrespective of whether dosing was pharmacogeneti-
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more systematic patient instruction at the time of target-
specific administration of oral anticoagulants (TSOACs)
and further maintenance therapy (19). In a study per-
formed in 2015, the target INR for patients with atrial fib-
rillation was reported between 2.0 and 3.0, but the desig-
nated goal INR for mechanical heart valves was reported
to be more unstable. Commencement and continued dos-
ing schedules were a main cause of unpredictability with
doubt resulting from specific patient issues such as age,
ethnicity, and body mass index (18).

Warfarin dose differs by race, age, body surface area,
chronic kidney disease, amiodarone, CYP2C9*3, and
VKORCI variants. In patients with acute stroke, genotype-
guided dosing is recommended to be more useful by
decreasing the time essential for stabilization when com-
pared with fixed dosing. A priori and posteriori dosing
could be estimated based on data about body weight, age,
baseline, and target INR, with the option of considering
the CYP2C9 and VKORCI genotypes (a priori) and other in-
formation about previous doses and the INR (a posteriori),
respectively (21, 22).



Tolou-Ghamari Z and Mazdak H

4. Conclusions

The warfarin dosing algorithms were similar for in-
dividuals who started warfarin as inpatients and outpa-
tients, irrespective of whether dosing was pharmacoge-
netically or clinically conducted (20). The risk of hem-
orrhage is higher in overweight as compared to normal
weight patients who are on warfarin. Therefore, BMI plays
an important role in predicting the occurrence of hemor-
rhage events in patients on warfarin (6). Unsuitable rec-
ommendations, monitoring, and management of target-
specific oral anticoagulants occurs often in patients not of-
ficially registered in an anticoagulation monitoring pro-
gram. There is a need for more thorough patient education
at the time of target-specific oral anticoagulant initiation,
as well as improved prescriber education regarding rec-
ommended target-specific oral anticoagulant dosing and
monitoring (19).

By promoting vitamin K; recycling and reducing active
vitamin K;, warfarin inhibits vitamin K epoxide reductase.
This enzyme reuses oxidized vitamin K; in its reduced form
after it has contributed to the carboxylation of numerous
blood clotting proteins, mostly prothrombin and factor
VIL The action of warfarin may constantly be inverted by
vitamin K;, as the blood cannot be coagulated directly. Af-
ter prescription, warfarin necessitates two to three days for
onset of effective treatment in which the duration of the ef-
fect of a single dose is about two to five days (1-7, 14-22)

Spontaneous spinal subdural hematoma is reported at
arare level in those receiving anticoagulant or antiplatelet
agents (11). However, a great frequency of intracerebral
hemorrhages with multiple cerebral microbleeds has been
reported in warfarin-treated patients (12). A drug-drug
interaction has also been reported between oseltamivir
for influenza B and warfarin in an 8-year-old boy with hy-
poplastic left heart syndrome with a previous history of
thrombosis (9). Warfarin embryopathy connected with
maternal warfarin ingestion, warfarin resistance, extreme
anticoagulation, and warfarin reversal are also reported
side-effects that could be accompanied with warfarin ther-
apy (14). Multiple linear regression analysis revealed it-
self to be the best model for stable warfarin dosage pre-
diction in the Chinese population, as the average predicted
achievement ratio and mean of absolute error among the
algorithms ranged from 52.31% to 58.08% and 4.25 to 4.84
mg/week in the validation samples, respectively (23). An-
other study of 2677 patients showed that compared with
a fixed dose or clinically adjusted warfarin dosing sched-
ules, genotype-guided algorithms profoundly increased
the time in the therapeutic range, reduced the time to first
therapeutic INR and the time to stable doses, but did not
demonstrate any obvious developments in excessive an-

ticoagulation, bleeding events, thromboembolism, or all-
cause mortality (24).

In those carrying 2C9*1/*2 and 2C9*2[*2 or 2C9*1/*3 al-
leles, the dose was recommended to be reduced by 18% -
40% and 21% - 49%, respectively (25). Bariatric operation can
also cause immanent distress for those on warfarin medi-
cation (8). In the first month of genotype-guided warfarin
therapy, associated with standard dosing, there were no
improvements in the percentage of time in the therapeu-
ticrange INR> 4.0, major or minor bleeding, thromboem-
bolism, or all-cause mortality. There was shorter time to
the maintenance dose, and after one month, there was an
improved percentage time in the therapeutic range and re-
duction of major bleeding incidences, making this a cost-
effective strategy in patients requiring longer anticoagula-
tion (13, 26).

Regarding the interactions of warfarin with other food
and drugs, caution is required to achieve the appropriate
warfarin treatment for each individual. One study revealed
that co-administration of warfarin with lenalidomide, an
oral immunomodulatory drug that is used for hematolog-
ical malignancies, indicated no required dose adjustment
of either drug (27). However, warfarin users who are pre-
scribed high-risk antibiotics are at an increased risk for
serious bleeding events. Early INR evaluation may miti-
gate this risk (28). Blood levels of S-warfarin have been re-
ported to be augmented by simultaneous administration
of metronidazole, an antiprotozoal imidazole derivative
(29). Nosebleeding with an INR of 8.0 and intraparenchy-
mal hemorrhage of the left occipital lobe was reported in
a78-year-old Caucasian woman who had started treatment
with metronidazole (250 mg every 8 hours for 5 days) and
levofloxacin (500 mg QD for 6 days) for an upper respi-
ratory tract infection (30). Interactions between warfarin
and nutritional supplements were also represented by an
interaction between warfarin and banana flakes that was
reported in a 30-year-old male. In such cases, decreased
warfarin efficacy and the advent of diarrhea may be con-
nected with areduced rate and subtherapeutic INR (10).

In conclusion, experienced pharmacotherapy in re-
lation to drugs with narrow therapeutic windows and
in terms of recommendations based on detailed benefit-
risk assessment requires thorough understanding and the
establishment of well-balanced pharmacokinetic param-
eters in the Iranian population (31-36). Finally, the cy-
tochrome P450 2C9 (CYP2C9) and vitamin K epoxide reduc-
tase complex 1(VKORC1) genotypes have been confirmed to
be associated with warfarin dose requirements. Accurate
genotyping results are of particular importance for the ob-
taining of reliable genotype-guided warfarin dosing infor-
mation (37).

Finally, in spite of the standard of care related to war-
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farin therapy all over of the world and specifically in Iran,
there is still a requirement for the improvement of phar-
macotherapeutic knowledge in relation to investigations
on the adverse effects through the use of different equa-
tions that represent the pharmacokinetics and pharma-
codynamics of warfarin. This category of a mechanism-
based conclusion, if implemented, could be valuable for
initiating and upholding successful warfarin treatment in
the hospitals. It will confirm more reliable dose alteration
between doctors, and offer well-organized and accurately
personalized warfarin medication in both children and
adults.
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