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Care of Patients Receiving Long-Term
Anticoagulant Therapy
Sam Schulman, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 75-year-old man with diabetes mellitus is found to have chronic atrial fibrillation,
and warfarin therapy is begun for the prevention of thromboembolic stroke. How
should the anticoagulant therapy be initiated and managed?

the clinical problem
For more than 50 years, the availability of vitamin K antagonists1 has made possible
effective primary and secondary prevention of arterial and venous thromboembolism.
Although such drugs are often referred to as oral anticoagulants, the term “vitamin K antagonists” is preferable, since it distinguishes these drugs from selective coagulation
factor inhibitors (such as oral inhibitors of activated factor X [factor Xa] and oral thrombin inhibitors), which are currently in clinical trials but are not discussed here.
The indications for long-term anticoagulation and the natural course of several
conditions in the absence of anticoagulant therapy are listed in Table 1. Additional indications are the primary prevention of myocardial infarction in patients at particularly high
risk10 and secondary prevention after systemic embolism in patients with rheumatic
mitral-valve disease, mitral-valve prolapse, mitral annular calcification, nonrheumatic
mitral regurgitation, or mobile aortic atheromas or aortic plaques larger than 4 mm.13
Controversial indications are peripheral arterial disease,21 heart failure in sinus rhythm,22
and dissecting carotid-artery aneurysm.23
The problem inherent in any anticoagulant therapy is the risk of hemorrhage. The
annual incidence of major hemorrhage (usually defined as intracranial hemorrhage or
hemorrhage causing death or necessitating transfusion or hospitalization) has ranged
between 1.2 and 7.0 episodes per 100 patients in different cohort studies,24 whereas in
clinical trials with selected patient populations, it has ranged between 0.5 and 4.2 per
100 patients.25 Minor bleeding episodes are those that have no costs or consequences;
the annual incidence of such bleeding is 2 to 24 episodes per 100 patients. The risk of
hemorrhage is closely related to the intensity of anticoagulation. With an increasing duration of treatment, the risk of major hemorrhage increases cumulatively.25 Although
this issue is subject to debate, the risk of bleeding may be higher during the first month
of anticoagulant therapy and then decrease gradually, owing to the fact that the prothrombin time fluctuates more initially.24 Other predictors of hemorrhage include poor control
of the degree of anticoagulation, peripheral vascular disease, cerebrovascular disease,
and, in some studies, old age.26 When anticoagulant therapy is initiated, bleeding often
occurs at the site of preexisting anatomical lesions.
It is thus important to define the range of prothrombin times, usually expressed in
terms of the international normalized ratio (INR), within which a highly protective antithrombotic effect is combined with an acceptable risk of bleeding. For conditions in
which the risk of thromboembolic complications declines over time, such as venous
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Table 1. Indications for and Effect of Long-Term Anticoagulation.*
Incidence of
Thromboembolism

Absolute Risk
Reduction with
Anticoagulation Alone

Intensity of Treatment

percent

percentage points

target INR

8.6/yr4

4–82,4

2.0–3.52,3†

5–6 in first 3 mo5

Controversial2

2.0–3.02

4.5/yr8

39

2.0–3.06

1.2–2.6/yr11

1–212

2.0–3.010

8/yr14

615

2.0–3.013

Ischemic stroke in atrial fibrillation9

12/yr16

816

infarction10

5–7/yr11

Indication

Prevention of systemic embolism
Mechanical prosthetic heart valve2,3
Bioprosthetic heart valve2,3
Nonvalvular atrial

fibrillation6,7

Myocardial infarction10
Mitral-valve disease in sinus rhythm13
Prevention of recurrent disease

Myocardial

Venous thromboembolism18

Approximately

22–29 in first 3 mo19,20

2.0–3.06
411,12

≤2219

2.0–3.010 or 2.5–3.517‡
2.0–3.018

* INR denotes international normalized ratio. References cited in the table provide more detailed information.
† The target INR may be split into narrower recommended ranges according to the risk associated with the valve position
(lower with aortic than with mitral and lower with mitral than with both) and type of valve prosthesis (lower with a bileaflet valve than with a tilting disk and lower with a tilting disk than with a caged ball or caged disk).
‡ The recommendation for a target INR of 2.5 to 3.5 refers to anticoagulation without the addition of aspirin.

thromboembolism and perhaps myocardial infarction, anticoagulant therapy should be discontinued
when the risk of recurrent thromboembolic events
is surpassed by the risk of major hemorrhage.
Additional hurdles to overcome in achieving
satisfactory anticoagulation are the multitude of
interactions between vitamin K antagonists and other drugs or foods, problems with monitoring the
degree of anticoagulation, and lack of knowledge
about how to adjust the dose. Few patients have
completely stable INR values over a period of several
months, and frequent laboratory monitoring and
dose adjustments are necessary but time-consuming.

strategies and evidence
efficacy of vitamin k antagonists

The absolute reduction in risk provided by vitamin K antagonists for various indications is shown
in Table 1. The efficacy of these agents is generally
superior to that of aspirin,12,27,28 but the use of the
two in combination is even more effective in arterial
disease12,29 and permits the intensity of vitamin K
antagonist therapy to be reduced. This difference
in the treatment of venous and arterial disease is explained by the formation of platelet aggregates as
an important constituent of the clots in arterial dis-
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ease. In conditions associated with a low risk of
thromboembolism, aspirin is preferred. Examples
are the presence of a bioprosthetic heart valve in patients in sinus rhythm more than three months after surgery,2 atrial fibrillation in patients less than
65 years of age and probably also in those 65 to 75
years of age who have no additional risk factors,6
and myocardial infarction with a low risk of recurrence.10
initiation of therapy

In situations in which the risk of new, progressive,
or recurrent thromboembolism is high (e.g., immediately after prosthetic-valve surgery or when deepvein thrombosis or pulmonary embolism has occurred), heparin is indicated until anticoagulation
with the vitamin K antagonist reaches its full effect
— in any case, for at least four to five days. Introduction of the two agents simultaneously does not lead
to more recurrences or hemorrhages than does delayed initiation of the vitamin K antagonist. Simultaneous introduction also reduces the duration of
treatment with heparin by a mean of four days, thus
decreasing the risk of heparin-induced thrombocytopenia.30 A starting dose of 15 mg of warfarin daily,
given until an INR of approximately 1.9 is achieved,
appears to be effective and safe and reduces the du-
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ration of heparin treatment by one day as compared
with the time required with lower initial doses.31
A starting dose of 5 mg32 may be more prudent
when there is a high risk of bleeding — for example, after recent surgery or trauma — and is absolutely indicated for patients with a known deficiency
of protein C or protein S, in order to minimize the
risk of skin necrosis.33 In such patients, who make
up about 3 percent of all patients with venous thromboembolism, the deficiency aggravates the imbalance between these severely depressed inhibitors
and mildly depressed coagulation factors during the
initiation of therapy with a vitamin K antagonist.
The hypercoagulability is manifested as fibrin deposits in small veins and venules of the dermis and
subcutaneous fat, with surrounding hemorrhage
and necrosis.
Vitamin K antagonist therapy may be started
without concomitant heparin in patients without
protein C or protein S deficiency who have conditions that are not acute, such as chronic atrial fibrillation. Laboratory monitoring is performed every
one to two days until the therapeutic INR range has
been reached. Nomograms may be used to guide the
initial dosage; an example is shown in Supplementary Appendix 1 (available with the full text of this
article at http://www.nejm.org).
intensity of treatment

The range of INR values at which the combined
incidence of thromboembolism and major hemorrhage is lowest varies for different indications (Table 1). In patients with systemic lupus erythematosus, phospholipid antibodies, and thrombosis,
a higher intensity (target INR, 3.0 to 4.0) has been
recommended, though this recommendation is controversial.34
The risk of the progression or recurrence of
venous thromboembolism decreases as the thrombus resolves or is covered by endothelium and as
the activation of coagulation subsides. Thus, a lower intensity of anticoagulation, corresponding to an
INR of 1.5 to 2.0, may suffice after the initial 3 to
12 months at standard intensity. Less intense anticoagulant therapy may reduce the risk of major
bleeding35; however, another study, reported elsewhere in this issue of the Journal,36 seems to contradict this hypothesis, as discussed below.
duration of anticoagulant therapy

For some patients, such as those with mechanical
prosthetic heart valves, treatment must be lifelong
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or it must be continued at least until the risk of hemorrhage becomes unacceptably high and aspirin becomes an alternative (as in the case of atrial fibrillation). For patients with bioprosthetic heart valves
who do not have atrial fibrillation, three months
seems sufficient.2 After myocardial infarction, three
months of anticoagulation has been recommended,10 but for patients with a high risk of recurrent
infarction, several years of treatment should be considered, on the basis of trials in this field.10,12 The
presence of atrial fibrillation in combination with
any of these conditions usually justifies anticoagulation for an indefinite period.
The risk of recurrence of venous thromboembolism is influenced by the anatomical location and
extension of the thrombus; by whether risk factors
are reversible or permanent (e.g., cancer or genetic
or biochemical thrombogenic abnormalities); and,
to some extent, by the number of thromboembolic events and perhaps by the resolution of thrombotic obstructions and the normalization of hemostatic hyperactivity. Table 2 presents suggestions for
the appropriate duration of anticoagulation, according to such risk factors.
Recent studies of venous thromboembolism suggest that the provision of therapy for more than 6 to
12 months is safe and effective. Continued lowintensity warfarin (target INR, 1.5 to 2.0) given for a
mean of 2.1 years after an initial 6-month course significantly reduced the risk of recurrent thromboembolism, as compared with placebo, without a significant increase in major bleeding.35 In the study in
this issue of the Journal,36 ongoing warfarin therapy
(mean duration of treatment, 2.4 years) with a higher target INR (2.0 to 3.0) led to greater reductions in
recurrent thromboembolism than lower-intensity
anticoagulation, with no increase in major bleeding.
However, the risk of recurrent venous thromboembolism after the discontinuation of anticoagulant therapy appears to be the same whether therapy
lasts for 6, 12, or 24 months. Continuing anticoagulant therapy eliminates this risk, but other factors
should be considered, including costs, possible effects on the quality of life, the risk of bleeding, the
patient’s compliance with therapy, any coexisting
disease, and the severity of the thromboembolic
event. Ongoing therapy should be reevaluated at
least annually.
The disadvantages associated with vitamin K antagonists — including numerous drug interactions,
the need for frequent venipuncture for monitoring,
and complex dose adjustments in patients under-
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Table 2. Suggested Duration of Anticoagulation after Venous Thromboembolism.
Type of Event or Condition

Duration

Source of Evidence

No identified thrombophilic abnormalities
6 Wk

First event, distal deep-vein thrombosis, provoked by
temporary risk factor
First event, distal deep-vein thrombosis with idiopathic
or permanent risk factor; or any proximal deep-vein
thrombosis or pulmonary embolism

≥6 Mo*

Schulman et al.37
Ridker et al.,35 Kearon et al.,36
Schulman et al.,37 Pinede
et al.38

3 Mo

As above, with increased risk of bleeding
Single life-threatening event

≥12 Mo*

First event, active cancer

Until cancer resolved

Second event, contralateral deep-vein thrombosis

≥6 Mo (as a first event)

Second event, ipsilateral or pulmonary embolism

≥12 Mo*

Third or subsequent event

Indefinite

Hutten et al.39
Schulman et al.40
Schulman et al.,40 Prandoni et al.41

Thrombophilic defects identified†
Deficiency of antithrombin

Indefinite
≥12 Mo

Deficiency of protein C or protein S

Case series, Lane et al.42
van den Belt et al.43

Homozygous form of thrombophilic defect

Indefinite‡

Case reports, Procare Group44

Heterozygous for two thrombophilic defects

Indefinite

De Stefano et al.45

Years

Khamashta et al.34

Antiphospholipid-antibody syndrome
Hyperhomocysteinemia

Variable§

Schnyder et al.46

Elevated factor VIII activity (>2.3 IU/ml)

≥6 Mo

Factor V Leiden mutation, heterozygous

As without

Lindmarker et al.48

Prothrombin polymorphism, heterozygous

As without

Lindmarker et al.48

Life-threatening event and any defect

Indefinite

Lane et al.42

Kyrle et al.47

* Some recent data35,36 suggest that the benefit of indefinite anticoagulation outweighs the risk after isolated venous
thrombosis, even without identifiable thrombophilia.
† The presence of the defects listed is independent of provocation of the event by a temporary or permanent risk factor,
whenever the thrombophilic defect is permanent.
‡ This recommendation may not pertain to the homozygous form of the prothrombin polymorphism.
§ The duration depends on factors other than the biochemical defect. Hyperhomocysteinemia does not affect the duration
of anticoagulation, but after anticoagulation is completed, treatment with B vitamins should probably be given.

going surgery or biopsy procedures — are magnified in patients who are receiving active treatment
for cancer. Low-molecular-weight heparin may then
be practical and possibly safer for secondary prophylaxis.49 It may also be considered when anticoagulation is needed for only six weeks or when it has
been impossible to stabilize the INR within the therapeutic range. Anticoagulant therapy begun after
venous thromboembolism may be discontinued either abruptly or gradually, since no difference in the
risk of clinical events between the two strategies has
been demonstrated.50
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interactions with vitamin k antagonists

An important step toward safer anticoagulation is
greater awareness on the part of the treating physician and the patient regarding important interactions with other drugs and foods. The list of drugs
that interact with vitamin K antagonists is constantly expanding,24 and every change in a patient’s medications should prompt a glance at such a list (Table 3). Avocado and foods rich in vitamin K may
inhibit the anticoagulant effect, but quite substantial amounts are needed. Thus, 250 g of spinach or
broccoli, eaten on a single occasion, does not affect
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the prothrombin time,51 whereas higher amounts
do.51,52 Furthermore, St. John’s wort, ginseng, and
garlic may lower the concentration of warfarin in
blood, and ginkgo is associated with bleeding when
combined with warfarin.53 This information is important, since the use of alternative medicines has
increased and patients are rarely made aware of possible interactions.
Patients should be provided with information
about these interactions, but the message should be
carefully balanced so as to avoid a misunderstanding that might lead to the complete exclusion of vegetables from the diet. Brand-name warfarin can be
safely replaced by at least one generic agent,54 but
since substitution with some formulations has been
reported to cause changes in the INR,54 more frequent laboratory monitoring is recommended during the first weeks after the change has been made.
the quality of monitoring
of anticoagulation

The stability of therapy with vitamin K antagonists
also depends on the quality of laboratory monitoring and dose adjustment. The adoption of the INR
system and the local calibration of reagents and instruments have made possible more standardized
anticoagulant therapy and provide assurance that
the target level is comparable to that referred to in
clinical trials.
Various tools to improve the selection of the
initial and maintenance dosage of vitamin K antagonists have been evaluated — for example, computers,55 nomograms, and flexible protocols.56 Generally, such tools — in the hands of inexperienced
physicians as well as specialists — have reduced
the number of measured INR values that are above
the therapeutic range, shortened the time to the
achievement of a steady state, or reduced the number of dose adjustments that are necessary.57 Clinical end points were not evaluated in these studies.
Dose adjustments may be delegated to nonphysician medical staff such as pharmacists58 or to patients without compromising quality, so long as
they have received proper instruction. The optimal
type of outpatient clinic for monitoring the level of
anticoagulation has not been evaluated in randomized trials. In one study, patients followed at a specialized clinic had fewer recurrences of thrombosis
and fewer episodes of major bleeding than those
receiving usual care.59 With appropriate education,
sufficient experience, and supportive tools, an adequate quality of anticoagulation can probably be
achieved in a variety of clinical settings.
n engl j med 349;7

Table 3. Major Drug Interactions with Warfarin.*
Anticoagulant Response Increased

Anticoagulant Response Decreased

Acetaminophen
Amiodarone
Androgens (17-alkyl)
Cimetidine
Clofibrate
Disulfiram
Erythromycin
Fluconazole
Fluoxetine
Glucagon
Metronidazole
Oxyphenbutazone
Phenylbutazone
Salicylates (high dose)
Sulfinpyrazone
Tamoxifen
Thyroid hormone
Trimethoprim–sulfamethoxazole

Antithyroid drugs
Barbiturates
Carbamazepine
Cholestyramine
Dichloralphenazone
Glutethimide
Sucralfate

* An extensive list of drug interactions can be found in Schulman.24

Alternatively, patients can be taught to monitor
the prothrombin time themselves, using a portable
instrument, and to adjust the dose of vitamin K antagonist, with support from a nomogram. In a trial
involving 600 patients, there was an absolute decrease of 0.9 percentage point per patient-year in the
rate of thrombotic and major hemorrhagic events in
the group randomly assigned to point-of-care analysis, as compared with patients assigned to routine
care.60 Structured training of the patient is required,
and several countries have a curriculum for this purpose.61 Only a minority of patients have sufficient
motivation to learn and practice testing and dose
adjustment, especially if they are not reimbursed for
the cost of the instrument and the reagents. Whether patients are reimbursed for the cost of these products varies among countries and indications; in the
United States and Germany, patients receiving anticoagulation because they have a mechanical heartvalve prosthesis may be reimbursed, whereas this
is not the case in Sweden and Canada, for example.
reversal of anticoagulation

In case of overanticoagulation (INR, >4) without
bleeding, omission of one or several doses until the
therapeutic range is reached may suffice. Correction
is achieved substantially faster if a small dose of vitamin K1 is administered, most conveniently as 1 mg
given orally; this also reduces the risk of at least
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minor hemorrhages.62 Alternatively, 0.5 mg of vitamin K1 may be injected intravenously.63 Higher
doses should be avoided, as they may lead to overcorrection and resistance to vitamin K antagonists
for several days. Subcutaneous injection is not recommended because of variable absorption.
For overanticoagulation associated with major
bleeding, administration of vitamin K1 is inadequate,
since its full effect occurs after 12 to 24 hours. The
volume of plasma required for reversal is almost invariably too large to be infused safely, whereas prothrombin-complex concentrates are effective and
convenient (Fig. 1).64 These products are virally inactivated and therefore safer than plasma with respect to the transmission of the human immunodeficiency virus, hepatitis B virus, or hepatitis C virus,
but a thrombogenic effect has occasionally been re-

Step 1. Decide on Target INR.
Clinical Situation

Target INR

Moderate bleeding, high risk of thrombosis
Serious bleeding, moderate risk of thrombosis
Serious or life-threatening bleeding, low risk of thrombosis

2.0–2.1
1.5
1.0

Step 2. Convert INR to Prothrombin Complex (expressed as a percentage
of normal plasma).
INR
Approximate %
Overanticoagulation
Therapeutic range

Subtherapeutic range
Complete reversal to normal

>5
4.0–4.9
2.6–3.2
2.2–2.5
1.9–2.1
1.7–1.8
1.4–1.6
1.0

5
10
15
20
25
30
40
100

Formula for calculating the dose:
(target level as a percentage ¡ present level as a percentage)¬
body weight in kg = ml of plasma or IU of prothrombin-complex concentrate
Example: a patient with pulmonary embolism 3 months ago now has major
intestinal bleeding; present INR = 7.5, target INR = 1.5, body weight = 80 kg:
(40¡5)¬80 = dose of 2800 ml or IU

Figure 1. Calculation of the Volume of Plasma (in Milliliters) or the Dose of
Prothrombin-Complex Concentrate (in International Units) Required for the
Reversal of the Effects of a Vitamin K Antagonist in Case of Bleeding.
INR denotes international normalized ratio. Calculation of the required replacement dose on the basis of INR levels is performed with a formula that is complicated to use without a calculator. The “percentage method” is based on the
principle that 1 ml of normal plasma contains 1 unit of each coagulation factor
and that prothrombin complex, expressed as a percentage of normal plasma,
corresponds to the mean level of the vitamin K–dependent coagulation factors.

n engl j med 349;7
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ported. Bleeding in a patient whose INR is within
the therapeutic range should raise the suspicion
of cancer or another pathologic process at the site of
bleeding and may require a temporary lowering
of the target INR to approximately 1.5.
surgery during anticoagulant therapy

During the first few months after a thromboembolic event, the high risk of recurrence makes a temporary reduction in the intensity of anticoagulant
therapy undesirable. Dental extraction may be performed safely while the intensity of anticoagulation is maintained, provided that the mouth is rinsed
with an antifibrinolytic agent, such as 500 mg of
tranexamic acid, for two minutes every six hours for
seven days.65 Dermatologic surgery and injections
or aspirations from soft tissues also appear to be
safe without a reduction in anticoagulation.24 For
most major surgery and high-risk endoscopic procedures, the intensity of anticoagulation should be
lowered and then increased again as soon as circumstances allow, in view of the increased risk of
thromboembolism associated with surgical trauma
and immobilization. There are several examples of
protocols66,67 or strategies68 that can be used for
adjusting anticoagulant therapy.

areas of uncertainty

Step 3. Calculate the Dose.

680

of

Anticoagulation during pregnancy is problematic,
because of concern about possible teratogenic effects of vitamin K antagonists. Problems related to
the management of anticoagulation in pregnant
women with artificial heart valves have recently been
addressed.69 The optimal duration of anticoagulation after venous thromboembolism also remains
controversial. Although mutations in the factor IX
gene and polymorphisms in the cytochrome P-450
CYP2C9 gene have been associated with an increased
risk of hemorrhage during treatment with vitamin K
antagonists,24 it is not known to what extent genetic factors contribute to bleeding complications, and
tests for such variants are not used in routine clinical practice.

guidelines
The American College of Chest Physicians Consensus Conference on Antithrombotic Therapy updated
guidelines on anticoagulant therapy in 2001 (http://
www.chestjournal.org/content/vol119/1_suppl/).
Disease-specific guidelines have been issued for
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valvular heart disease,3 atrial fibrillation,7 and myocardial infarction.70 There are procedure-specific
guidelines for endoscopy67 and recommendations
for management by patients of anticoagulation with
vitamin K antagonists, including discussions of
suitable patients and quality control.61

conclusions
and recommendations
The benefit of anticoagulation with vitamin K antagonists has been convincingly demonstrated for
patients with mechanical prosthetic heart valves,
mitral-valve disease, atrial fibrillation, and venous
thromboembolism. The intensity of anticoagulation
and the duration of treatment should be tailored according to the indication for treatment and the presence or absence of risk factors. For a patient with
atrial fibrillation and other risk factors for thromboembolism, as in the case described in the vignette,

oral anticoagulation with a vitamin K antagonist
is appropriate and should be targeted to achieve
an INR of 2.0 to 3.0. It is preferable to use a nomogram to determine the appropriate initial dose and
not to give concomitant heparin. Dose adjustments
to maintain the INR in the therapeutic range may
be facilitated by the use of a nomogram or another
supportive tool; once the INR appears to be stable,
monthly tests of the prothrombin time should be
sufficient.
All patients taking vitamin K antagonists should
be educated about potential interactions with other
medications, herbal preparations, and foods and
about the importance of monitoring. Prompt reversal of overanticoagulation with small doses of vitamin K (1 mg given orally or 0.5 mg given intravenously) appears to be safe and reduces the incidence
of bleeding.
Dr. Schulman reports having received honorariums for consulting from Pharmacia and AstraZeneca.
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