
Appropriate use of anticoagulants offers both opportunity and
challenge for the primary care clinician (PCC). Thrombosis,
comprised of myocardial infarction (MI) and unstable angina,
stroke, pulmonary embolus (PE), and deep venous thrombosis
(DVT), is the most common
cause of death in the United
States. Atrial fibrillation (AF) is
the most common arrhythmia
requiring hospitalization and is
responsible for as much as one-
third of strokes. Warfarin is
remarkably effective in each of
these settings, yet recent data
indicate that as few as 35% of
persons with AF managed by
PCCs receive warfarin, and
among those, the international
normalized ratio (INR) is in the
therapeutic range only half of
the time.1 The compelling epidemiologic burden of arterial and
venous thrombotic disease is destined to become even more
demanding, considering the demographic changes in the U.S.
population, which indicate a burgeoning senior citizenry. For
instance, AF has its peak incidence between the ages of 75-79,2

an age group that is projected to double by the year 2040.
Anticoagulants in the at-risk population can provide dramatic

risk reduction. For instance, meta-analyses of stroke reduction by
means of warfarin anticoagulation indicate that AF patients may
experience as great as 59% risk reduction in stroke; benefits for

secondary prevention of stroke in AF are even greater.3 These
same data indicate a mortality reduction of greater than 25%.
Given the extraordinary disease burden and remarkable efficacy
of anticoagulation, anticoagulants would be more widely

embraced and employed if cli-
nicians felt more comfortable
with safe use of available
agents and confident of benefits
to be accrued. This discussion
is directed toward simplifying
the pathophysiology and effec-
tive use of anticoagulation in
the primary care setting. 

—The Editor

Evolving Anticoagulants
Anticoagulants may be

grouped broadly under the cate-
gories of oral vitamin K antag-

onists (warfarin [Coumadin]), direct thrombin inhibitors (lep-
irudin [Refludan], bivalirudin [Angiomax], argatroban [Acova],
ximelagatran [Exanta] [available in Europe, but not yet FDA
approved in the United States]), and heparinoids (unfractionated
heparin [UFH], low molecular weight heparins [LMWHs], pen-
tasaccharides). At this time, the main role for PCCs in the ambu-
latory setting will be optimal application of warfarin. Warfarin is
the only available oral anticoagulant in the United States. War-
farin originally was approved for use in the United States in 1954
and derives its name from the organization that discovered it, the
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Wisconsin Alumni Research Foundation (WARF). Managing
oral anticoagulation in the primary care setting will be the central
focus of the discussion to follow.  

The Clotting Cascade
A brief overview of the clotting cascade is helpful in

understanding the mechanism of action of warfarin. To main-
tain hemostasis without evoking thomboembolism, there
exists a delicate equilibrium between anticoagulant and pro-
coagulant mediators in the blood. Any factors, extrinsic or
intrinsic, that disrupt this balance can predispose patients to
thrombosis, hemorrhage, or even a combination of the two
(e.g., disseminated intravascular coagulation [DIC] or
heparin-induced thrombocytopenia syndrome [HITS]). In
patients experiencing thromobosis, one or more of the fol-
lowing three factors (referred to as Virchow’s triad) typically
are present: venous stasis, hypercoagulability, and/or
endothelial injury. Once provoked, the clotting cascade pro-
gresses through a series of interrelated reactions, the end
result of which is the generation and deposition of fibrin, the
activation of platelets, and the formation of a thrombus. (See
Figure 1.) The rate-limiting step in this process is activation
of factor II (prothrombin) to factor IIa (thrombin). Activated
factor II subsequently catalyzes the conversion of fibrinogen
to fibrin, which serves as the meshwork for clot formation
and propagation. 

Mechanism of Action 
Warfarin often is referred to as a vitamin K antagonist due to

its avidity for preventing the activation of the vitamin K-depend-
ent clotting factors (II, VII, IX, and X) to their activated forms
(IIa, VIIa, IXa, and Xa). More specifically, warfarin inhibits the
cyclic interconversion of vitamin K and its 2,3-epoxide (vitamin
K epoxide).4 (See Figure 2.) Normally, vitamin K cycles from a
reduced form, vitamin KH

2
, to an epoxide and back to vitamin

K
1
. Warfarin inhibits the enzyme vitamin K epoxide reductase,

thereby reducing the availability of the cofactor (vitamin KH
2
)

necessary for the carboxylation (i.e., activation) of vitamin K-
dependent clotting factors. Consequently, factors II, VII, IX, and
X circulate in the inactive form, incapable of driving the cascade.
In this way, warfarin elicits an anticoagulant response. Because
warfarin does not alter the functionality of factors already acti-
vated, its onset of action is delayed until those factors are cleared
from circulation. Also, note from Figure 1 why administration of
active vitamin K is effective for reversal of warfarin-induced
anticoagulation: The warfarin-sensitive step is bypassed.

Important Pharmacokinetic Concepts
The pharmacokinetics of warfarin often are misunderstood

and can result in inappropriate dosing decisions. The following
sections will attempt to clarify several important idiosyncrasies
specific to warfarin. In contrast to other medications where the
half-life of the drug is the determinant of the onset and mainte-
nance of the steady state effect, this is not the case with warfarin.
Instead, the half-lives of the clotting factors determine warfarin’s
activity since their depletion correlates with the onset and main-
tenance of anticoagulation. When a patient has been on a stable
dose of warfarin for a period of time equal to five times the half-
life of the rate-limiting cofactor (factor II), the INR can be con-
sidered at steady state because after this time more than 95% of
the expected effect of warfarin upon coagulation factors will
have occurred. (See Table 1.) Factor II serves as the catalyst for
fibrin formation; therefore, its depletion is the most important for
gauging the anticoagulant effect of warfarin. Note that factor II
has the longest half-life of the vitamin K-dependent clotting fac-
tors—this is the reason why several days are required to elicit an
adequate anticoagulant response with warfarin. Furthermore, this
is the basis for the recommendation that heparin be continued for
a minimum of five days in patients experiencing venous throm-
boembolism (VTE) (i.e., even if the INR is measurably altered
by warfarin, full status of anticoagulation as measured by inacti-
vation of factor II, will not be reliably in place until at least five
days of warfarin treatment). Based on the half-life of factor II,
anticoagulation will approach 90% (three half-lives) of steady
state in the first week of therapy in most patients, signaling 90%
of the expected effect of warfarin on factor II and a considerable
degree of anticoagulation as evidenced by the INR. True steady
state will be achieved within two weeks (approximately five half-
lives). 

Several other concepts regarding warfarin’s mechanism of
action are worthy of mention. First, Protein C (PC) and Protein S
(PS), the body’s natural anticoagulants, also are inhibited by war-
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farin. These factors normally help to balance the procoagulant
effects of the clotting cascade. Unfortunately, as mentioned pre-
viously, warfarin does not suppress factors in the cascade at the
same rate. In fact, because the half-life of PC is considerably
shorter than that of factor II, PC levels decline before factor II is
substantially affected. As a result, initiation of warfarin could
promote an initial, transient state of hypercoagulability until fac-
tor II levels have been sufficiently suppressed as to balance the
decline in PC.5 The authors are unaware of outcome data to con-
firm the clinical significance of this effect; however, some sup-
port may be garnered from the observation of patients with PC
deficiency. In this population, there is an increased incidence of
warfarin-induced skin necrosis, a rare complication characterized
by necrotic lesions due to thrombosis of venules and capillaries
in subcutaneous fat that appear three to six days after the initia-
tion of warfarin.4 This suggests that larger initial doses elicit a
disproportionately larger decrease in PC vs. factor II in the first
week of therapy and that this may be clinically significant in cer-
tain populations (e.g., those with low baseline PC levels). 

Second, within the first several days after warfarin is adminis-
tered, the INR response reflects the decline in the factors with the
shortest half-life. As a consequence, the INR is a poor surrogate

for anticoagulation during the first few days after starting war-
farin since it reflects mainly a reduction in factor VII. It is not
until sufficient time has elapsed to allow for a significant fall in
levels of factor II that the INR accurately reflects the degree of
anticoagulation. This takes at least 5-7 days; prior to this, the
patient is not completely protected from clot extension. Caution
must be observed in the first five days since some patients will
achieve an INR above 2 despite inadequate anticoagulation (this
can be thought of as a factor VII-INR when the concern really is
with a factor II-INR). With these considerations in mind, it is rec-
ommended that warfarin be adequately overlapped with heparin
for the treatment of thromboembolism. Prior to discontinuing
heparin, the patient should receive a minimum of five days of
parenteral anticoagulation, and the INR should be therapeutic for
48 hours. The hospital course can be shortened by substituting
subcutaneous LMWH, administered at home, for intravenous
UFH.

Initiation
In patients presenting with VTE, initial treatment is intended

to achieve rapid anticoagulation in an attempt to prevent propa-
gation of the thrombus. Warfarin should be started simultaneous-
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Figure 1. The Clotting Cascade
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ly with LMWH or UFH to elicit rapid anticoagulation. A direct
thrombin inhibitor (e.g., lepirudin) or synthetic pentasaccharide
(e.g., fondaparinux [Arixtra]) are reasonable alternatives depend-
ing on the clinical situation (e.g., history of heparin-induced
thrombocytopenia). As discussed above, if parenteral antithrom-
botic therapy is discontinued before five days or the 48-hour
overlap threshold, the patient could be at risk for clot
extension/embolism since thrombin levels are not sufficiently
suppressed by warfarin before that time. Furthermore, discontin-
uation of heparin may result in a period of rebound hypercoagu-
lability that could further predispose patients to thrombosis.6

There is much debate about the optimum initial dose of war-
farin. Historically, a loading dose of 1.5 mg/kg was administered
to produce the most rapid effect. This practice eventually was
shown to be no more effective than loading doses of 15-20 mg,
and smaller doses were less likely to provoke excessive anticoag-
ulation. Today, there is disagreement about whether higher initial
doses of 10 mg should be used or whether patients should be
started on the average maintenance dose of 5 mg.7 It is not evident
from the literature which strategy should be employed. The 10-
mg strategy appears to achieve an INR of 2.0 to 3.0 more rapidly
(by approximately 1.5 days); however, PC levels decline more
precipitously and a larger proportion of patients subsequently are
found to have supratherapeutic INRs with this regimen.5,8 The
change in protein C levels are less of a concern given that most
patients are receiving concomitant therapy with heparin, but over-
anticoagulation subjects patients to an increased risk of bleeding.
It is important to note that a 10-mg loading dose has only been
shown safe and effective when used in conjunction with a detailed
dosing nomogram and in patients with a low risk for bleeding.9

Without such nomogram, the risk of overanticoagulation and
bleeding may be higher compared with a 5-mg strategy. An initial
dose of 5 mg daily can be expected to achieve an INR of 2.0-3.0
in 4-5 days in most patients. In consideration of the risks and ben-
efits of both methodologies, and until further data clarify the

issues, the authors suggest initiation of therapy with 5 mg daily,
unless special circumstances suggest otherwise.  

Maintenance
The most critical determinant of the safety and efficacy of anti-

coagulation with warfarin is the time in the therapeutic range
(TTR). The target INR in the majority of patients is 2.5, with an
acceptable range of 2.0 to 3.0. (See Table 2.) There are some data
to suggest that patients with mechanical heart valves require a
slightly higher INR goal to prevent embolism, 3.0 (2.5-3.5), due to
the thrombogenicity of the foreign valve itself. However, the risk
of bleeding, including intracerebral hemorrhage, increases in con-
cert with the INR. (See Figure 3.) In fact, the relationship becomes
nonlinear once the INR exceeds 5.0, with the risk for major bleed-
ing increasing disproportionately more compared to the INR. Con-
versely, the risk for thromboembolic events rises steeply when the
INR is below the therapeutic range. Accordingly, appropriate titra-
tion and follow-up are the foundation of successful management of
oral anticoagulation. While there is no consensus regarding the
exact timing of follow-up, it is evident that the more frequent the
monitoring, the greater the TTR.4 When warfarin is started in the
hospital, the patient should not be discharged until the INR is ther-
apeutic; however, the dose requirement often changes once the
patient returns to a domestic lifestyle. Thus, it is prudent to check
the INR in the week after discharge. If the INR is therapeutic, the
patient can be seen again in 1-2 weeks for a follow-up INR and
counseling; if the INR is also in the therapeutic range at that visit,
then monitoring can be extended to every four weeks. If warfarin
is initiated in the outpatient setting, the INR should be monitored
once or twice per week until therapeutic, then every two weeks
until the INR is stable and in the therapeutic range during two con-
secutive visits, at which time monitoring can be performed every
four weeks. Four weeks is the maximum recommended interval
between visits in stable patients. More frequent monitoring will
increase the TTR, but becomes overly cumbersome to be practica-
ble for most patients. The authors’ anticoagulation clinic employs
monthly monitoring for patients at goal and without compelling
reason for more frequent follow-up (e.g., new interacting medica-
tion or acute illness). Patients with supratherapeutic or subthera-
peutic INRs are monitored more frequently depending on the clini-
cal situation. (See below.)
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Table 1. Vitamin K-Dependent Clotting 
Factors

HALF-LIFE 90 % INHIBITION STEADY STATE
(HOURS) (DAYS)* (DAYS)*

Protein C 8 1 2
Protein S 30 4 6
Factor VII 4-6 0.5 1
Factor IX 24 4 5
Factor X 48-72 6-9 10-15
Factor II 60-72 7.5-9 13-15

*Days following initiation or change in dose of warfarin

Figure 2. Mechanism of Action of Warfarin
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The relationship between warfarin dose and INR is nonlinear;
thus, small dose adjustments should be made to avoid overcor-
rection. The dose should be adjusted up or down in increments of
10-15 % per week if the patient’s INR is not at goal. For exam-
ple, in a relatively stable patient on 5 mg every day who presents
to clinic with an INR of 1.8 (goal 2.0-3.0) and no bleeding for
two consecutive visits, the total weekly dose could be increased
to 5 mg (1 tablet) every day except 7.5 mg (1½ tablets) on Tues-
day and Thursday and a follow-up INR obtained in 1-2 weeks.
Altering the timing and spacing of dosage is based upon com-
mon sense and basic pharmacokinetic principles. For instance,
take the case of a patient presenting to clinic on Monday with a
supratherapeutic INR who is taking warfarin 5 mg every day
except Wednesday and Saturday, on which he/she takes 7.5 mg
each day. The clinician should reduce or omit the first possible
dose, which will tend to reduce the INR, rather than waiting until
later in the week. It often is helpful to look for a trend in the INR.
For instance, if a given patient’s INR increases from 1.7 to 2.4 to
3.0 at weekly intervals, the clinician should try to identify an
underlying cause, determine if the dose is too high, and see the
patient back before four weeks (i.e., in 1-2 weeks even though
the INR is in range for two consecutive weeks).

Monitoring should be accelerated following dose changes to
resemble that during the initial titration and then extended to

four-week intervals once the INR is in the therapeutic range and
at steady state. In addition, there often are instances when
changes in the INR are predictable, such as when a patient is
started on a new medication that interacts with warfarin (e.g.,
metronidazole [Flagyl]) or the consumption of vitamin K is
expected to change. Under these circumstances it is prudent to
monitor the INR more frequently (e.g., weekly). Also, a preemp-
tive dose adjustment may be warranted. For example, in a patient
started on amiodarone [Cordarone, Pacerone], it is recommended
that the maintenance dose of warfarin be decreased empirically
by 25-50% depending on the dose of amiodarone.

Duration of Therapy
The duration of therapy is dependent upon the indication for

oral anticoagulant therapy and the perceived risk of bleeding and
recurrent thromboembolism. The philosophy regarding appropri-
ate duration of anticoagulation is in a state of evolution.
Although it is convenient to divide thromboembolism patients
into those with a precipitating event (e.g., surgery, bedridden sta-
tus, long-haul flight, oral contraceptives) vs. idiopathic, this clas-
sification ignores the fact that even though a recent precipitant
may have been present, the huge majority of patients who experi-
ence that precipitant do not experience a thromboembolic event.
In other words, of the millions of patients who engage in long-
haul flights, only a handful of patients experience DVT, and
hence, one must wonder if there is not something thrombophilic
at work even in these patients who have an apparent trigger for
their event. This observation, coupled with long-term data in uns-
elected DVT patients that confirms risk reduction even in the set-
ting of very long term prophylaxis (2-4 years), has prompted cli-
nicians to re-think the optimum duration of anticoagulation.
Patients with AF generally require indefinite treatment. Two
notable exceptions are patients with lone AF (i.e., AF with no
risk factors for stroke, which include prior ischemic stroke, TIA,
or systemic embolism, age older than 75 years, moderately or
severely impaired left ventricular systolic function and/or con-
gestive heart failure, history of hypertension, or diabetes melli-
tus) or new-onset AF that terminates spontaneously. Patients with
lone AF should be treated with 325 mg of aspirin daily since
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Table 2. Intensity of Anticoagulation

VTE 2.5 (2.0-3.0)* 
Mechanical** 

Aortic 2.5 (2.0-3.0)†

Mitral 3.0 (2.5-3.5)
All patients with risk factors‡ 3.0 (2.5-3.5)

plus aspirin 75-100 mg/d
Caged ball or disk valves 3.0 (2.5-3.5) 

plus aspirin 75-100 mg/d

Bioprosthetic
Mitral 2.5 (2.0-3.0) for 3 months
Aortic 2.5 (2.0-3.0) for 3 months¶

* This is for all patients. There is no role for low-intensity 
(INR < 2.0) anticoagulation (see text for explanation).

** For patients with mechanical prosthetic heart valves who suf-
fer 

a systemic embolism despite a therapeutic INR, aspirin 75-
100 mg/d should be added to vitamin K antagonists, and the 
goal INR set at 3.0 (range, 2.5 to 3.5)

† This recommendation is for patients with St. Jude Medical 
bileaflet valve in the aortic position. For patients with 
CarboMedics bileaflet valves or Medtronic Hall tilting disk 
mechanical valves in the aortic position, this goal applies to 
those patients with normal left atrium size and in sinus 
rhythm.

‡ Risk factors include AF, MI, left atrial enlargement, endocardial 
damage, and low ejection fraction.

¶ Aspirin 75-100 mg/d is a reasonable alternative in patients 

Figure 3. Expected Risk of Ischemic Stroke
and Intracranial Bleeding According to INR
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aspirin and warfarin are similarly effective in this population and
aspirin is associated with less bleeding; however, these patients
are the exception because the majority of patients with AF have
at least one other risk factor for stroke. In patients with new-
onset AF after cardiothoracic surgery, for example, AF often ter-
minates spontaneously or can be electrically or chemically car-
dioverted. In this population, the risk for recurrence is relatively
low and an indication for life-long oral anticoagulation may be
unnecessary. Patients who do not satisfy either of these excep-
tions should be anticoagulated indefinitely. This includes most
patients with AF who are managed with rhythm control even if
the patient is in normal sinus rhythm during office visits. Antiar-
rhythmic therapy to maintain normal sinus rhythm is inherently
unsuccessful and the risk of thromboembolism may persist
despite apparently successful rhythm control. 

Table 3 provides guidelines for the duration of therapy in
patients with DVT or PE. In patients experiencing an initial VTE
associated with an identifiable risk factor, management is contro-
versial, but treatment should be given for at least three months
since a shorter duration of therapy is associated with an unac-
ceptable risk of recurrence.10 The decision to treat longer should
be based on the patient’s risk of bleeding vs. the risk of recur-
rence. If the risk factor is unavoidable (e.g., cancer), treatment
should continue as long as the risk factor is present. For a tran-
sient risk factor (e.g., immobilization), the decision to discontin-
ue therapy must consider the risk of a recurrent event. The ration-
ale for extended treatment is based upon the deductive premise
that because many patients are exposed to transient risk factors
(e.g., long-haul airplane flights, oral contraceptives, etc.) and
very few develop VTE, those that do likely have an underlying
predisposition to VTE. 

A major change in the most recent consensus guidelines on
antithrombosis is that in patients suffering from a first idiopathic
VTE, oral anticoagulation should be considered indefinitely.11 In
this setting, it is critical to periodically weigh the risk:benefit
ratio and discuss treatment options with the patient. It is clear
that 6-12 months should be considered the minimum duration of
therapy, considering that the risk of recurrence in the first year
after discontinuation is as high as 27% when treatment is discon-
tinued at three months and 10% at six months. There is convinc-
ing evidence that longer periods of therapy (as long as four
years) are superior to shorter periods (six months) in patients
with recurrent VTE.12 As a result, physicians tend to treat patients
longer provided the patient is a good candidate for anticoagula-
tion (i.e., no bleeding diathesis, especially gastrointestinal; no
substance or alcohol abuse; and capable of adherence). Since
low-intensity anticoagulation (INR goal of 1.5-2.0) has been
shown to be less effective for prevention of VTE than a goal of
2.0-3.0 with no reduction in risk of bleeding, there is no role for
low-intensity anticoagulation.13

Dealing with Supratherapeutic INRs
Clinicians frequently are confronted with the dilemma of

overanticoagulation, which may be due to co-morbid illness,
drug-drug interactions, dietary changes, or for no apparent

reason. It is clear that these excursions significantly increase
a patient’s risk for clinically important bleeding.14,15 Determi-
nation of the patient’s bleeding risk and ruling out active
hemorrhage are critical next steps. (See Figure 4.) Given that
intensity of anticoagulation is the most reliable predictor of
hemorrhage, the goal of treating patients with supratherapeu-
tic INRs is to rapidly restore the INR to within the therapeu-
tic range while minimizing the risk of thromboembolism.
High doses of vitamin K are effective but may lower the INR
more than is necessary and can provoke warfarin resistance
(excess vitamin K is stored in the liver and decreases the
effectiveness of warfarin) for a week or more, which of
course places the patient at risk of recurrent thromboem-
bolism. Any patient who presents with major bleeding should
be admitted promptly and administered plasma and parenter-
al vitamin K. For patients without major bleeding, the sim-
plest and most widely implemented approach is to withhold
warfarin and allow the INR to fall into the therapeutic
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Table 3. Duration of Oral Anticoagulation 
for Common Indications

Venous Thromboembolism

Provoked
Transient risk factor
Avoidable 3 months
Persistent Until risk factor resolves

Idiopathic
First event 6-12 months; consider 

indefinite* 
APS or > 2 thrombophilic  12 months; strongly

conditions† consider indefinite*
Recurrent Indefinite

Cancer Indefinite or until cancer 
resolves‡

Atrial Fibrillation
With stroke RF Indefinitely

Valve Replacement
Bioprosthetic 3 months; indefinite in 

presence of AF
Mechanical Indefinite

* The decision to continue oral anticoagulation therapy long-term 
in patients with an initial VTE with or without thrombophilia 
should be made on a patient-to-patient basis, taking into 
consideration the risk of recurrent VTE and bleeding.

† Examples of thrombophilic conditions include Factor V Leiden 
mutation, antithrombin deficiency, protein C deficiency, 
G20210A prothrombin mutation.

‡ It is recommended that patients be treated for 3-6 months with 
an LMWH prior to long-term treatment with warfarin, if 
possible.



range.16 The INR will fall approximately 1-2 units each day.
Keep in mind, however, that if the INR was increasing at the
time warfarin was discontinued, it may continue to increase
or fail to change for an additional 24 hours before decreas-
ing. Several case series have validated that in patients with an
INR of 6.0-10.0, the risk of hemorrhage is minimal (approxi-
mately 0.6%) with this approach.17,18 Nevertheless, without
adequately controlled clinical trials, it is prudent to stratify
patients according to bleeding risk, treating those at highest
risk more aggressively. (See Table 4.) For example, an INR
of 8 in a 76-year-old female with AF, chronic renal insuffi-
ciency, and history of gastrointestinal bleeding who is on
concomitant antiplatelet therapy should be treated more
aggressively (e.g., withhold warfarin and administer 2.5 mg
oral phytonadione) than the same INR in a 52-year-old-male
with AF and no other risk factors (e.g., withhold warfarin and
recheck INR in 2-3 days). When vitamin K is indicated, the
oral route should be used in most cases. Results of three
prospective studies show that withholding warfarin and
administering 1.0 mg of vitamin K results in an average
decrease in the INR from 5.7 to 2.8 on the day after vitamin
K is administered.16,19 Based on these results, microdose vita-
min K (i.e., less than 5 mg) should be the preferred strategy
in most situations when vitamin K is indicated since it lowers
the INR rapidly, does not predispose patients to anaphylac-
toid or skin reactions, and is unlikely to induce warfarin
resistance. Figure 4 summarizes treatment strategies for man-
aging supratherapeutic INRs.

Periprocedural Management
Anticoagulation in patients who undergo surgical procedures

can be approached in one of two ways: an aggressive strategy
that substitutes either full doses or prophylactic doses of UFH or
LMWH for warfarin before and after the procedure, or a mini-
malist strategy, in which all anticoagulation is discontinued
before the procedure and no heparin is administered after the
procedure. The appropriate strategy should be selected based on
the patient’s risk of thrombosis and bleeding.20 Keep in mind
that the risk for bleeding usually is overestimated and the risk
for thrombosis underestimated. This observation is crystallized
by the perception of the risk of bleeding during dental proce-
dures. Many physicians prefer to discontinue anticoagulation
prior to such procedures despite the fact that thrombosis is more
likely to occur if warfarin is stopped than is major bleeding if
warfarin is continued. Dental colleagues often request physician
consultation to recommend management of anticoagulation in
the perioperative period for dental work. Consensus suggests
that intensive local maneuvers, rather than modulation of antico-
agulation, generally are sufficient for all but the most invasive
dental procedures.21,22

If a minimalist strategy is selected, discontinuing warfarin
will result in an INR of less than 1.5, a degree of anticoagulation
considered safe for most surgical procedures, in four days in the
majority of patients with an INR in the therapeutic range prior to
withholding warfarin. Keep in mind, however, that the early
decrease in the INR is a function of increasing factor VII levels
rather than factor II, and excessive bleeding could occur despite a
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Figure 4. Management of Excessive Anticoagulation 

INR above goal

Major bleeding?

• Withhold warfarin
• Admit patient

• Consider coagulation factor
replacement and IV vitamin K

• Medical support

INR < 5.0? INR 5.0-9.0? INR > 9.0?

• Either lower current dose
or omit one dose and

decrease maintenance
dose

• Monitor more frequently
• If minimal elevation, no

change indicated

• Omit 1 or 2 doses and
resume at lower dose

• If patient has risk fac-
tors for bleeding, consid-
er vitamin K 2.5 mg PO

once
• Monitor more frequently

• Withhold warfarin and
administer 5-10 mg vitamin

K PO once
• INR will fall substantially

in 1-2 days. 
• Monitor more frequently

Yes
No



normal INR (because factor II activity still is suppressed). With
the minimalist approach of withholding warfarin four days
before surgery and restarting it as soon as possible after surgery,
patients will have a subtherapeutic INR for approximately two
days before surgery and two days after surgery. This strategy is
appropriate for patients with a low risk of thromboembolism. For
instance, in patients with nonvalvular AF who have not had a
systemic embolism, the annual incidence of such an event is
approximately 4.5% per year without anticoagulation.23 Hence,
the risk of four days without full anticoagulation is expected to
be minimal and warfarin can be restarted immediately after the
procedure.

If an aggressive strategy is being considered, there are several
important points to keep in mind. In patients at risk of arterial
thromboembolism, there is a stronger argument in favor of preop-
erative heparin since the risk of thromboembolism is similar
before and after surgery, while the risk of bleeding is amplified
after surgery.  In patients at high risk for VTE, the risk of a recur-
rent VTE is magnified after surgery, and the case for postoperative
anticoagulation is stronger. The magnitude of the increase in risk
varies with the time since the previous VTE. In the first month
after a venous event, the risk of recurrence is sufficiently high that
therapeutic doses of heparin are justified preoperatively and post-
operatively. In the second and third month after a VTE, the risk of
VTE continues to outweigh the risk of bleeding with postopera-
tive heparin since surgery increases the risk of VTE 100-fold.20

Preoperative heparin is justified in this population if major risk
factors for VTE are present. Beyond the third month, the risk of
bleeding usually outweighs the risk of recurrent VTE, and strate-
gies other than therapeutic doses of heparin (e.g., prophylactic
doses of UFH or LMWH or intermittent pneumatic compression)
should be employed to reduce the risk of VTE. For more specific
recommendations regarding the periprocedural management of
anticoagulation, the reader is referred to the recent American Col-
lege of Chest Physicians (ACCP) guidelines.4

Other Considerations
An overview of all interactions with oral anticoagulation is

outside the scope of this paper. Clinicians are encouraged to refer

to more complete references for this purpose.4,24 Instead, the fol-
lowing section reviews different scenarios that are encountered
frequently.

Aspirin. It is important to differentiate between the
antiplatelet effect of aspirin and the anticoagulant effect. Aspirin
irreversibly inhibits platelet function when administered in doses
as low as 30 mg per day. By inhibiting platelet function, aspirin
may increase the risk for bleeding in patients that are anticoagu-
lated. In the Warfarin, Aspirin, Reinfarction Study (WARIS), the
annual risk of nonfatal major bleeding increased from 2.14% to
2.70% when aspirin was added to oral anticoagulation with war-
farin.25 Of importance is the effect of aspirin on prostaglandins in
the gastrointestinal mucosa. Even low doses of aspirin increase
the risk for gastrointestinal toxicity, and these events are potenti-
ated by concomitant use of oral anticoagulants. At higher doses
(more than 1.5 g/d), aspirin also suppresses coagulation through
an anti-vitamin K effect. When used at these doses for analgesia
or antipyresis, aspirin can prolong the INR and increase the risk
for hemorrhage.

Despite these risks, aspirin continues to have an important
role in select patients on warfarin. Low-dose aspirin (75-100 mg)
is indicated in conjunction with warfarin in patients with caged
ball or disk heart valves as well as individuals who have under-
gone valve replacement and sustain a systemic embolic event
despite adequate oral anticoagulation. In these populations, the
risk of future embolic events outweighs the incremental bleeding
risk. The role of aspirin in patients on warfarin who have coro-
nary artery disease (CAD) and a separate indication for anticoag-
ulation (e.g., AF) continues to be a matter of debate. In the past,
warfarin was believed to obviate the need for antiplatelet therapy;
however, elucidation of the pathophysiology underlying venous
and arterial thrombotic events has called that rationale into ques-
tion and spawned several clinical trials exploring this matter.26-30

A meta analysis of randomized trials that included data from
more than 20,000 patients with established CAD recently
addressed the issue.31 Based on the results of this analysis, sever-
al conclusions can be made. First, the combination of low-inten-
sity anticoagulation with warfarin (INR less than 2.0) and aspirin
confers no benefit over aspirin alone in patients with CAD. It
does, however, subject the patient to a considerable increase in
major bleeding episodes. Second, when moderate- to high-inten-
sity anticoagulation administered in conjunction with low-dose
aspirin was compared with warfarin alone, recurrent ischemic
events were reduced by 14%, but the result was not statistically
significant. However, there is probably a subpopulation of
patients at high risk of coronary events (e.g., diabetes, hyperlipi-
demia, or hypertension) in whom the addition of low-dose
aspirin would confer a benefit that outweighs the small increase
in bleeding. Regardless, it is prudent to monitor the INR more
carefully in patients on concomitant antiplatelet and anticoagu-
lant treatment.

Nonsteroidal Anti-inflammatory Drugs (NSAIDs) and
COX-2 Inhibitors. The greatest concern with concomitant use
of NSAIDs is the considerable risk of ulcerations, bleeding, or
perforations, the consequences of which can be devastating in
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Table 4. Factors Identified as Risk Factors 
for Increased Risk of Bleeding 
on Anticoagulation

• Intensity of INR
• Multiple comorbidities
• History of bleeding, especially gastrointestinal bleeding
• Age (> 65 years)
• Stroke
• Anemia
• Chronic renal insufficiency
• Concomitant antiplatelet therapy (eg., aspirin, clopidogrel, 

aspirin/dipyridamole)
• Drugs producing gastric erosions (NSAIDs or COX-2 selective 

inhibitors)



patients receiving anticoagulation. For this reason, it is prudent to
avoid NSAIDs in this population. Cyclooxygenase (COX)-2
selective inhibitors emerged as a viable alternative in patients at
significant risk of gastrointestinal bleeding. However, the recent
withdrawal of rofecoxib (Vioxx) and the lack of gastroprotection
in patients on low-dose cardioprotective aspirin, has called into
question the safety of the class. The increased risk appears to be
a class effect. A randomized, controlled trial with lumiracoxib
(not yet approved) showed harm,32 as did a meta-analysis with
valdecoxib (Bextra), and a clinical trial with celecoxib (Cele-
brex) was recently terminated due to cardiovascular events.
There also is a biologically plausible mechanism to suggest that
this is a class effect. Because prostacyclin production is mediated
by COX-2 and thromboxane production is mediated by COX-1,
drugs that are selective for COX-2 will create a mismatch
between vascular thromboxane and prostacyclin, which may lead
to a prothrombotic state.33 One might consider the risk as a spec-
trum, with more selective drugs conferring more risk and less
selective drugs less risk. An alternative strategy in patients at risk
of cardiovascular events who have an indication for anti-inflam-
matory medications but require gastroprotection is the addition
of a proton pump inhibitor (PPI) to a nonselective NSAID, which
reduces the bleeding risk to a similar extent as administering a
COX-2 selective agent alone (i.e., the risk is reduced, though not
completely).34

Acetaminophen. Acetaminophen is recognized as the pre-
ferred analgesic in patients on concomitant anticoagulants
because it is devoid of antiplatelet activity and does not interfere
with the integrity of the gastrointestinal mucosa. As a result,
there is a misconception that acetaminophen does not interact
with warfarin. In reality, there is a strong, dose-dependent rela-
tionship between acetaminophen ingestion and excessive antico-
agulation.35 The mechanism behind this often overlooked interac-
tion has not been fully elucidated, but may be related to effects
on cytochrome P450 isozymes or interconversion of vitamin K-
dependent clotting factors. As a consequence, patients who use
acetaminophen in the primary care setting must be monitored
more closely for anticoagulant instability, especially when aceta-
minophen is used periodically. Patients on a stable dose of aceta-
minophen should be at lower risk since the interaction between
acetaminophen and warfarin will stabilize. 

Antibiotics. Any antibiotic can interfere with the enterohepat-
ic recirculation of vitamin K by disrupting the enteric flora,
thereby decreasing the availability of vitamin K and increasing
the INR. Likewise, infection itself increases metabolic demand
and can accelerate the degradation of vitamin K-dependent clot-
ting factors. With less vitamin K available, fewer clotting factors
can be activated. Metronidazole and trimethoprim/sulfamethoxa-
zole (Bactrim, Septra) inhibit cytochrome P450 2C9, which is
responsible for the metabolism of the more active S-isomer of
warfarin, potentiating warfarin’s effect on the INR. Second- and
third-generation cephalosporins augment the INR via a direct
effect on the cyclic interconversion of vitamin K. On the other
hand, dicloxacillin (Dynapen) and rifampin (Rifadin) can induce
the metabolism of warfarin and decrease its effectiveness.  

Thyroid Replacement. Exogenous administration of thyroid
hormones can result in fluctuations in the INR. The distinction
between thyroid replacement and other drugs that induce metab-
olism is an important one. Thyroid replacement therapy increases
metabolism, but not of warfarin (like some other drugs); instead,
the rate at which clotting factors are metabolized is accelerated.
This results in an increase in the INR and decreased dose
requirement in patients who are initiated on thyroid replacement
therapy or have their dose increased. The reverse is true when
replacement therapy is discontinued or the dose is decreased.

Diet. One of the many limitations of vitamin K antagonists is
the numerous interactions with foods that contain vitamin K.36

Patients often misunderstand the counseling they receive regard-
ing this interaction. Many perceive that vitamin K-containing
foods must be avoided entirely. In reality, consistency should be
stressed to the patient so that he or she does not feel compelled to
eliminate these types of foods from the diet. Patients can be
counseled to eat a specific number of servings of vitamin-K-con-
taining foods each week or each day. Physicians also should rec-
ognize the therapeutic potential of these foods during treatment.
Instead of changing the dose of warfarin, omitting or adding one
to two servings of vegetables per week may be sufficient to influ-
ence the INR slightly upward or downward, respectively, obviat-
ing the need to adjust the dose. This interaction requires persist-
ence on the part of the physician to ensure that the patient is fully
cognizant of the effects of vitamin K on the INR. In patients
whose INR will not stabilize due to dietary indiscretion, some
clinicians will prescribe a vitamin K supplement 100-200 mcg
daily to dampen the fluctuating intake in the diet. This minimizes
peaks and troughs in intake by setting a higher baseline. If this
strategy is employed, the authors encourage physicians to initiate
vitamin K only when the INR is near the upper portion of the
therapeutic range and increase the frequency of monitoring
accordingly.

Point of Care Testing
The widespread availability of point of care (POC) INR test-

ing has streamlined the management of oral anticoagulation in
the professional setting and for patient self-management (PSM)
or self-testing (PST). POC devices usually analyze a fingerstick
sample of capillary blood and employ a thromboplastin-mediated
clotting time. The device converts the clotting time to a pro-
thrombin time and expresses the value as an INR. For the most
part, the accuracy of POC devices has been adequately validated.
Limitations include larger disparities in reported INR compared
to standard plasma-based assays, especially as the INR increases
above the therapeutic range; errors when calibrating the interna-
tional sensitivity index (ISI) of the device; the inability to calcu-
late a mean normal PT; and significant cross-reactivity with anti-
bodies in patients with antiphospholipid antibody syndrome
(APS). These differences may lead to different dosing decisions
in clinical practice. Unfortunately, the limitations are irreconcil-
able with current monitors; newer generation devices will need to
incorporate different ISI calibration methods to overcome these
shortcomings. Of note, POC devices are not indicated for use in
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patients with APS since the thromboplastin used in these devices
cross-reacts with antiphospholipid antibodies, producing an unre-
liable result. 

There is insufficient evidence in the medical literature to
make definitive recommendations regarding the role of PSM or
PST. The available evidence suggests that PSM or PST might
result in more INRs in the therapeutic range compared to usual
care (dose management in these models were made by an antico-
agulation monitoring service [AMS]). On the other hand, PSM
and PST achieve similar TTR compared with AMS. Unfortunate-
ly, these studies did not control the level of patient education,
compliance, frequency of monitoring, and variability in the
reagents and testing devices used, making the results difficult to
apply in clinical practice. One alternate explanation for improved
control is that patients testing at home might test more often,
which has been shown to increase the TTR, or that dose adjust-
ments made by the AMS were more effective compared to usual
care. Recently, PSM was shown to result in a similar level of
INR control and fewer complications compared to management
by hematologists in an anticoagulation clinic.37

Conclusion
Warfarin remains a mainstay for patients that require long-

term anticoagulation. While it appears likely that less cumber-
some alternatives to warfarin are on the horizon, current setbacks
in development have delayed their arrival. In the meantime,
physicians must be proficient in the management of patients on
warfarin. This can be difficult given the lack of a unifying stan-
dard for initiation, titration, monitoring, and follow-up. Further-
more, several issues regarding management are controversial;
this article has attempted to address several of those issues here.
The plethora of clinical trial data, which continues to emerge,
and inconsistencies in the literature can make for uncertainty
when it comes to treating patients in clinical practice. This article
has summarized the important aspects of managing oral antico-
agulants based upon current guidelines, the clinical trial data, and
the authors’ own experiences to provide a practical reference for
clinicians treating patients in the ambulatory setting.
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Physician CME Questions

A 59-year-old white male is admitted to the hospital complaining of pain,

swelling, and discoloration in his lower right leg. He has no identifi-

able risk factors for venous thromboembolism (VTE) and no signifi-

cant medical history. The area is warm to the touch, erythematous,

and a palpable cord is present. He is treated for possible deep vein

thrombosis (DVT) with heparin 5000 units bolus followed by 1200

units per hour. Following a doppler ultrasound he is diagnosed with

DVT, and warfarin 5 mg daily is started. (For questions 8-10, refer to

this case.)

8. It is recommended that heparin be discontinued:

A. as soon as the INR is therapeutic or five days, whichever comes

first.

B. after at least five days and once the INR has been therapeutic for

48 hours. 

C. once the INR has been therapeutic for 48 hours.

D. after five days.

9. It is recommended that warfarin be continued:

A. for four weeks.

B. for three months. 

C. for 6-12 months.

D. indefinitely. 

E. Either C or D is correct, depending on the patient’s risk of 

bleeding vs. recurrent VTE.

10. Following an increase in the dosage of warfarin, when will 

anticoagulation be considered stable (i.e., at steady state)?

A. 48 hours

B. Five days

C. One week

D. Two weeks

11. A 76-year-old female presents complaining of a one-week history of

intermittent palpitations, lightheadedness, and shortness of breath.

Physical examination reveals an irregularly irregular rhythm. The

heart rate is 98 beats per minute. She is started on diltiazem extended-

release (Tiazac) 120 mg once daily and warfarin 15 mg once daily.

Which of the following is not true regarding the dosing of warfarin in

this patient?

A. The patient could initially become hypercoagulable.

B. The patient is more likely to develop a supratherapeutic INR in

the next several days compared to a more conservative dosing

strategy.

C. The patient will achieve a therapeutic INR (> 2.0) more rapidly

compared to a more conservative dosing strategy.

D. The INR in the first several days will accurately reflect the

degree of anticoagulation.

12. A 64-year-old woman with a mechanical aortic valve and atrial fibril-

lation is to have a minor dental procedure. Her last INR was 2.7 and

stable. The most appropriate management strategy is to:

A. admit the patient, administer vitamin K to reverse the INR, per-
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form the dental procedure, and bridge her back to warfarin with

unfractionated heparin. 

B. discontinue warfarin four days before the procedure, perform the

procedure, and restart warfarin on the day of the procedure.

C. continue warfarin and use local maneuvers periprocedurally.

D. administer vitamin K the day before the procedure to reverse the

INR, document that the INR is < 1.5 on the day of the proce-

dure, perform the procedure, and restart warfarin on the day of

the procedure.

13. A 79-year-old female with a medical history significant for coronary

artery disease, atrial fibrillation, hypertension, chronic renal insuffi-

ciency, and gastrointestinal bleeding presents to clinic for routine fol-

low-up. Her medications include warfarin, metoprolol (Lopressor),

simvastatin (Zocor), and aspirin. Her INR is determined to be 7.5; she

does not exhibit any indication of bleeding. Which of the following is

the most rational course of action?

A. Omit the next two doses of warfarin and decrease the mainte-

nance dose.

B. Omit the next two doses of warfarin and administer vitamin K 

5 mg subcutaneoulsy.

C. Omit the next two doses of warfarin and administer vitamin K

2.5 mg orally.

D. Admit the patient, administer vitamin K 1 mg intravenously, and

decrease the maintenance dose.

14. A 62-year-old male with atrial fibrillation previously stable on war-

farin with INRs ranging from 2.1-2.8 over the last several months

presents to clinic with an INR of 4.3. The patient reports no changes

in diet, activity, or health status. The patient’s medications include

warfarin, hydrochlorothiazide (HCTZ), lansoprazole (Prevacid), and

acetaminophen as needed for pain. He recently was started on

aspirin 81 mg daily. Which of the following could explain these

findings?

A. The patient unintentionally consumed more vitamin K than in

previous months.

B. Aspirin recently was started.

C. The patient has been taking more acetaminophen.

D. The INR now is at steady state.
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The most commonly prescribed statins
have a low incidence of rhabdomyolysis,
according to the results a new study of

more than 250,000 patients. Atorvastatin,
pravastatin, and simvastatin were found have
very low and virtually indistinguishable rates
of rhabdomyolysis of 0.44 per 10,000 person-
years (95% CI, 0.20-0.84). The data were
obtained from 11 managed care health plans
across United States from January 1, 1998,
through June 30, 2001. Cerivastatin (Baycol-
Bayer), which was withdrawn from the market
in 2001, was found have a much of a higher
rate of rhabdomyolysis, 5.34 cases per 10,000
person-years (95% CI, 1.46-13.68). The con-
comitant use of a fibrate with atorvastatin,
pravastatin, or simvastatin was found to have
increased the rate to 5.98 (95% CI, 0.72-216.0),
while use of a fibrate with cerivastatin dramat-
ically increased the rate to 1035 cases per
10,000 person-years of treatment (95% CI, 389-
2117), or nearly 1 in 10. Older patients, espe-
cially those with diabetes, were found to have
higher rates of rhabdomyolysis. The authors
conclude that the most commonly prescribed
statins have a low incidence of rhabdomyoly-
sis, which is increased with the addition of a
fibrate (JAMA. 2004;292:2585-2590).

The study confirms the safety of the most
commonly used statins, but raises issues
regarding the post marketing surveillance of
cerivastatin. These concerns were addressed in
a review in the same issue of JAMA regarding
the potential conflict of interest once initial

reports of rhabdomyolysis were reported to the
company, and the delay in the availability of
this information to consumers. The critique is
accompanied by Bayer’s rebuttal (JAMA.
2004;292:2622-2631, 2643-2646, 2655-2657, 2658-
2659), which makes fascinating reading given
the recent criticisms of the FDA and post mar-
keting surveillance regarding coxibs.

A Crackdown on Importation of Drugs
Officials in both the United States and

Canada are taking steps to crack down on the
importation of prescription medications across
the border. A New York District Court issued
an injunction in December against Canada
Care Drugs Inc., which gave the FDA authority
to inspect the company to assure that they no
longer import drugs to American consumers.
The FDA had petitioned the court to take this
action based on a sting operation run by the
agency. FDA investigators purchased
Neurontin and Sporanox through Canada
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Care. Instead of Neurontin, investigators
received APO-gabapentin and NOVO-
gabapentin, formulations of the drug that are
not subject to FDA scrutiny in this country. The
Sporanox shipment included 84 tablets of the
correct drug, but investigators felt that the
amount was excessive, determining that
patients should not take Sporanox continu-
ously without checking with their physician.
The court is scheduling a trial date for Canada
Care, an action that is sure to put other
Canadian importation companies on alert.
Meanwhile, the Canadian government is also
cracking down on Internet pharmacies that
export drugs to the United States without eval-
uation by Canadian doctors. The government
is considering making it illegal for Canadian
doctors to countersign prescriptions from other
countries. This move in Canada is prompted
by concern over shortages of drugs for
Canadian citizens, especially given threats by
American drug companies to withhold addi-
tional shipments of drugs to Cananda, where
they have strict price controls, knowing that
many of these drugs may come back to the US
market were there are no price controls. These
moves are strongly supported by PhRMA, the
powerful pharmaceutical advocacy group.

FDA Actions
The FDA has approved a new non-benzodi-

azepine hypnotic for the treatment of insom-
nia. Sepracor, a company that specializes in
marketing active isomers of currently
approved drugs, has received approval to mar-
ket eszopiclone, the active (S)-isomer of zopli-
cone, which is available outside the United
States. The drug is similar to zopidem
(Ambien) and zaleplon (Sonata) in that it has a
lower incidence of tolerance, dependence, and
withdrawal symptoms than benzodiazepines.
Based on a 6-month, double-blind, placebo-
controlled safety and efficacy trial, the FDA
decided not to limit eszoplicone’s indication to
short-term use. Eszoplicone will be available in
1mg, 2mg, and 3mg tablets, and will be mar-
keted in United States under the trade name
Lunesta. Sepracor is also studying the drug for
treatment of insomnia in patients with depres-
sion or pain, and in peri-menopausal women.

Novartis has received approval to market
darifenacin extended release tablets for the
treatment of overactive bladder with symp-

toms of urging incontinence, urgency, and fre-
quency. The drug is an M3 (muscarinic) recep-
tor blocker that increases urinary capacity and
decreases urinary episodes and frequency of
incontinence, along with feelings of urgency.
Darifenacin, which is already available in
Europe, will be marketed in the United States
as Enablex.

Drugs approved under the FDAs accelerated
approval program are often approved on the
basis of surrogate end points, such as tumor
markers that would indicate the likelihood of
clinical benefit. The FDA, however, requires
that cancer drugs in particular, must document
clinical benefit in subsequent studies to remain
marketable. A recent case-in-point is
AstraZeneca’s gefitnib (Iressa), which was
approved for treatment of non small cell lung
cancer in patients who failed other courses of
cancer therapy. A recent study of gefitnib
involving nearly 1700 patients failed to show a
survival benefit better than placebo. The drug,
which was initially approved in 2003, now
faces a FDA review to determine whether the
drug will be removed from the market. In a let-
ter to physicians, AstraZeneca “urges you to
consider other treatment options in recurrent
non small cell lung cancer patient population.”
In the meantime, Genentech and Roche’s
erlotinib (Tarceva), which has shown survival
benefit for the same patient population,
remains a viable option.

The FDA has issued a Public Health Advisory
regarding the use of anti-inflammatories includ-
ing COX-2 inhibitors because of recent indica-
tions that the drugs may increase the risk of
cardiovascular disease and stroke. The agency
is requiring evaluation of all prevention studies
that involve the COX-2 inhibitors celecoxib
(Celebrex) and valdecoxib (Bextra) to ensure
that adequate precautions are in place. Several
prevention studies regarding potential benefit
of these drugs on colon polyps and Alzheimer’s
disease are either in progress or planned in the
near future. Meanwhile, the agency is recom-
mending that physicians should prescribed
Celebrex or Bextra with caution, particularly in
patients at risk for cardiovascular disease, and
should weigh the risk vs benefits.

The FDA is also recommending that con-
sumers should use over-the-counter anti-
inflammatories in strict accordance with the
label directions, taking them for no longer than
10 days without consulting a physician.   ■
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