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For the past 50 years, the mainstay of anticoagulation therapy 
has been warfarin.1  Patient variability in drug metabolism, 
vitamin K in the diet, and drug interactions create a challenge 
for prescribers to achieve therapeutic blood levels.  According 
to Jones et al., in spite of frequent monitoring and dose 
adjustments, patients taking warfarin spend about a third of 
the time outside the target therapy range.2

In the past year, there were 12,589 warfarin prescriptions 
fi lled for 1,604 Nebraska Medicaid patients.  In the fi scal year 
of 2009, there were 11,577 drug interaction alerts addressed 
by pharmacists for these Medicaid patients. 

Warfarin is commonly used for the following conditions3:
Treatment of deep venous thrombosis (DVT) or • 
pulmonary embolism (PE)
Prophylaxis of DVT• 
Arterial thromboembolism prophylasis in patients with • 
mechanical prosthetic heart valves
Cardioembolic stroke prophylaxis in patients with atrial • 
fi brillation (AF)
Stroke prophylaxis in patients with a history of non-• 
cardioembolic ischemic stroke
Coronary artery thrombosis prophylaxis following acute • 
myocardial infarction  

Warfarin exerts its activity by inhibiting the synthesis of 
vitamin K dependent clotting factors.  At therapeutic doses, 
the production of these clotting factors by the liver is reduced 
by 30% to 50%.4  Breakdown of circulating clotting factors 
must occur before effects of warfarin are observed.  The 
degradation half life of vitamin K dependent clotting factors 
varies between 4 and 72 hours, therefore, 3 to 4 days of 
therapy may need to be administered before a clinical effect of 
a single dose is achieved.3 

The effectiveness of warfarin is infl uenced by many factors 
including diet, pharmacogenomics, and drug interactions.  

Challenges of Treating Patients with Warfarin 
Administration of vitamin K or transfusion of plasma 
proteins containing clotting factors will reverse the effects 
of warfarin.3 Vitamin K is commonly found in green leafy 
vegetables and some vegetable oils.  Broccoli, kale, spinach 
and lettuces are a source of vitamin K along with olive, 
soybean and canola oil.  Patients are advised to consume no 
more than an adequate intake of dietary vitamin K to avoid 
fl uctuations in the international ionized ratio (INR).5  One 
study by deAssis et al. demonstrated success in managing a 
patient’s INR by varying the intake of foods rich in vitamin 
K.6 

Warfarin is largely eliminated by hepatic metabolism, 
specifi cally by cytochrome P450 enzymes.  Warfarin is a 
racemic mixture.  The more active S-enantiomer of warfarin 
is metabolized by CYP2C9 which is a polymorphic enzyme.  
In vitro, the two variant alleles, CYP2C9*2 and CYP2C9*3 
have been shown to decrease metabolism of warfarin and thus 
increase bleeding risk.  Patients carrying the CYP2C9*2 allele 
required a 17% lower warfarin dose than those patients not 
carrying the allele.  The patients identifi ed as carriers of the 
CYP2C9*3 allele required a 34% lower warfarin dose than 
those patients who were not carriers.7 

Warfarin also reduces the regeneration of vitamin K from 
vitamin K epoxide by inhibiting the enzyme vitamin K 
epoxide reductase.  There are also variations in the gene 
which controls production of vitamin K epoxide reductase 
(VKORC1) which have been associated with lower dose 
requirements of warfarin.  In one study, about 30% of the 
variance in the dose of warfarin was attributed to variation in 
the VKORC1 gene.  About 40% of the variance in dose was 
attributed to variations in VKORC1 in combination with the 
CYP2C9 genotypes.8

There are many drug interactions listed in the prescribing 
information for warfarin, but few controlled trials show 
clinical signifi cance.  The mechanisms of drug interactions 
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with warfarin may be attributed to CYP450 enzymes, 
changes in protein binding or changes in coagulation factor 
synthesis.  As noted above, the S-enantiomer of warfarin 
is metabolized by CYP2C9.  Drugs that inhibit CYP2C9, 
including sulfamethoxazole/trimethoprim (also known as 
cotrimoxazole or Bactrim) and ciprofl oxacin will decrease 
warfarin metabolism and increase the risk of bleeding.  A 
four-fold increase in the risk of hospitalization for an 
upper gastrointestinal tract hemorrhage was observed in 
patients taking warfarin with cotrimoxazole.  Treatment 
with ciprofl oxacin in patients taking warfarin was associated 
with almost a two-fold risk for upper gastrointestinal tract 
hemorrhage.9  Antibiotics may also interfere with warfarin by 
reducing the vitamin K-producing bacteria in the gut.10

One of the most clinically signifi cant drug interactions with 
warfarin is amiodarone.  Amiodarone inhibits CYP2C9 and 
may prolong INR causing an increased risk of hemorrhagic 
events.  Both drugs take several weeks to achieve steady-state, 
so the onset of the interaction between amiodarone and 
warfarin may be delayed.11 

In addition to their antiplatelet properties, nonsteroidal anti-
infl ammatory drugs (NSAIDs) are highly protein bound, as 
is warfarin.  NSAIDs are also metabolized by the CYP450 
isoenzymes.  In a retrospective case control study, 39.8% 
of patients using warfarin had an increase in INR when an 
NSAID was initiated.12

Medicating a patient with therapeutic doses of warfarin alone 
can increase bleeding risk.  In 5 randomized, controlled trials 
in patients with non-rheumatic AF the incidence of major 
bleeding was between 0.5% and 2.7%.4  Many factors can 
infl uence warfarin’s effect on INR including disease states, 
advanced age, and possible warfarin resistance.

Patients taking warfarin should be monitored frequently, as 
many factors can infl uence the INR.  Coordination of care 
is especially important for patients taking warfarin.  A claims 
analysis which examined the relationship between warfarin 
use and the risk of hemorrhage showed that the likelihood 
of hemorrhage is greater for patients who were receiving 
prescriptions from multiple prescribers.13
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