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ANTITHROMBOTIC AND THROMBOLYTIC THERAPY 8TH ED: ACCP GUIDELINES

Pharmacology and Management of the
Vitamin K Antagonists*

American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines
(8th Edition)

Jack Ansell, MD; Jack Hirsh, MD; Elaine Hylek, MD, MPH; Alan Jacobson, MD;
Mark Crowther, MD; and Gualtiero Palareti, MD

This article concerning the pharmacokinetics and pharmacodynamics of vitamin K antagonists
(VKAs) is part of the American College of Chest Physicians Evidence-Based Clinical Practice
Guidelines (Sth Edition). It describes the antithrombotic effect of the VKAs, the monitoring of
anticoagulation intensity, and the clinical applications of VKA therapy and provides specific
management recommendations. Grade 1 recommendations are strong and indicate that the
benefits do or do not outweigh the risks, burdens, and costs. Grade 2 recommendations suggest
that the individual patient’s values may lead to different choices. (For a full understanding of the
grading, see the “Grades of Recommendation” chapter by Guyatt et al, CHEST 2008; 133:123S-
1318.)

Among the key recommendations in this article are the following: for dosing of VKAs, we
recommend the initiation of oral anticoagulation therapy, with doses between 5 mg and 10 mg for
the first 1 or 2 days for most individuals, with subsequent dosing based on the international
normalized ratio (INR) response (Grade 1B); we suggest against pharmacogenetic-based dosing
until randomized data indicate that it is beneficial (Grade 2C); and in elderly and other patient
subgroups who are debilitated or malnourished, we recommend a starting dose of = 5 mg (Grade
1C). The article also includes several specific recommendations for the management of patients
with nontherapeutic INRs, with INRs above the therapeutic range, and with bleeding whether
the INR is therapeutic or elevated. For the use of vitamin K to reverse a mildly elevated INR, we
recommend oral rather than subcutaneous administration (Grade 1A). For patients with life-
threatening bleeding or intracranial hemorrhage, we recommend the use of prothrombin
complex concentrates or recombinant factor VIIa to immediately reverse the INR (Grade 1C).
For most patients who have a lupus inhibitor, we recommend a therapeutic target INR of 2.5
(range, 2.0 to 3.0) [Grade 1A]. We recommend that physicians who manage oral anticoagulation
therapy do so in a systematic and coordinated fashion, incorporating patient education,
systematic INR testing, tracking, follow-up, and good patient communication of results and dose
adjustments [Grade 1B]. In patients who are suitably selected and trained, patient self-testing or
patient self-management of dosing are effective alternative treatment models that result in
improved quality of anticoagulation management, with greater time in the therapeutic range and
fewer adverse events. Patient self-monitoring or self-management, however, is a choice made by
patients and physicians that depends on many factors. We suggest that such therapeutic
management be implemented where suitable (Grade 2B). (CHEST 2008; 133:160S-198S)

Key words: anticoagulation; pharmacogenetics; pharmacology; quality of care; vitamin K antagonists; warfarin

Abbreviations: AMS = anticoagulation management service; CHF = congestive heart failure; CI = confidence interval;
DVT = deep vein thrombosis; HR = hazard ratio; INR = international normalized ratio; ISI = international sensitivity index;
NSAID = nonsteroidal antiinflammatory drug; OR = odds ratio; PCC = prothrombin complex concentrate; POC = point of
care; PSM = patient self-management; PST = patient self-testing; PT = prothrombin time; SNP = single nucleotide poly-
morphism; TTR = time in the therapeutic range; UC = usual care; VKA = vitamin K antagonist; VKOR = vitamin K oxide
reductase; WHO = World Health Organization
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SUMMARY OF RECOMMENDATIONS

2.1 Initiation and Maintenance Dosing

2.1.1. In patients beginning vitamin K antago-
nist (VKA) therapy, we recommend the initia-
tion of oral anticoagulation with doses between
5 mg and 10 mg for the first 1 or 2 days for most
individuals, with subsequent dosing based on
the international normalized ratio (INR) re-
sponse (Grade 1B). At the present time, for
patients beginning VKA therapy without evi-
dence from randomized trials, we suggest
against the use of pharmacogenetic-based ini-
tial dosing to individualize warfarin dosing
(Grade 2C).

2.2 Initiation of Anticoagulation in Elderly or
Other Populations

2.2.1. In elderly patients or patients who are
debilitated, are malnourished, have congestive
heart failure (CHF), have liver disease, have had
recent major surgery, or are taking medications
known to increase sensitivity to warfarin (eg, ami-
odarone), we recommend the use of a starting
dose of = 5 mg (Grade 1C) with subsequent dosing
based on the INR response.

2.3 Frequency of Monitoring

2.3.1. In patients beginning VKA therapy, we
suggest that INR monitoring be started after
the initial two or three doses of oral anticoagu-
lation therapy (Grade 2C).

2.3.2. For patients who are receiving a stable
dose of oral anticoagulants, we suggest mon-
itoring at an interval of no longer than every
4 weeks (Grade 2C).

2.4 Management of Nontherapeutic INRs

2.4.1. For patients with INRs above the therapeu-
tic range but < 5.0 and with no significant bleed-
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ing, we recommend lowering the dose or omitting
a dose, monitoring more frequently, and resum-
ing therapy at an appropriately adjusted dose
when the INR is at a therapeutic level. If only
minimally above therapeutic range or associated
with a transient causative factor, no dose reduc-
tion may be required (all Grade 1C).

2.4.2. For patients with INRs of = 5.0 but < 9.0
and no significant bleeding, we recommend omit-
ting the next one or two doses, monitoring more
frequently, and resuming therapy at an appropri-
ately adjusted dose when the INR is at a thera-
peutic level (Grade 1C). Alternatively, we suggest
omitting a dose and administering vitamin K (1 to
2.5 mg) orally, particularly if the patient is at
increased risk of bleeding (Grade 2A). If more
rapid reversal is required because the patient
requires urgent surgery, we suggest vitamin K
(= 5 mg) orally, with the expectation that a reduc-
tion of the INR will occur in 24 h. If the INR is still
high, we suggest additional vitamin K (1 to 2 mg)
orally (Grade 2C).

2.4.3. For patients with INRs = 9.0 and no signif-
icant bleeding, we recommend holding warfarin
therapy and administering a higher dose of vita-
min K (2.5 to 5 mg) orally, with the expectation
that the INR will be reduced substantially in 24 to
48 h (Grade 1B). Clinicians should monitor the
INR more frequently, administer additional vita-
min K if necessary, and resume therapy at an
appropriately adjusted dose when the INR
reaches the therapeutic range.

2.4.4. In patients with serious bleeding and ele-
vated INR, regardless of the magnitude of the
elevation, we recommend holding warfarin ther-
apy and giving vitamin K (10 mg) by slow IV
infusion supplemented with fresh frozen plasma,
prothrombin complex concentrate (PCC), or re-
combinant factor VIla, depending on the urgency
of the situation. We recommend repeating vita-
min K administration every 12 h for persistent
INR elevation (all Grade 1C).

2.4.5. In patients with life-threatening bleeding
(eg, intracranial hemorrhage) and elevated INR,
regardless of the magnitude of the elevation, we
recommend holding warfarin therapy and admin-
istering fresh frozen plasma, PCC, or recombi-
nant factor VIIa supplemented with vitamin K, 10
mg by slow IV infusion, repeated, if necessary,
depending on the INR (Grade 1C).

2.4.6. In patients with mild to moderately ele-
vated INRs without major bleeding, we recom-
mend that when vitamin K is to be given, it be
administered orally rather than subcutaneously
(Grade 1A).
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2.5 Management of Variable INRs

2.5.1. For patients receiving long-term warfarin
therapy with a variable INR response not attrib-
utable to any of the usual known causes for
instability, we suggest a trial of daily low-dose oral
vitamin K (100 to 200 pg), with close monitoring
of the INR and warfarin dose adjustment to
counter an initial lowering of the INR in response
to vitamin K (Grade 2B).

2.7 Management of INRs in the Antiphospholipid
Syndrome

2.7.1. In patients who have a lupus inhibitor,
who have no additional risk factors, and who
have no lack of response to therapy, we recom-
mend a therapeutic target INR of 2.5 (INR
range, 2.0 to 3.0) [Grade 1A]. In patients who
have recurrent thromboembolic events with a
therapeutic INR or other additional risk factors
for thromboembolic events, we suggest a target
INR of 3.0 (INR range, 2.5 to 3.5) [Grade 2C].

4.1 Optimal Management of VKA Therapy

4.1.1. For health-care providers who manage
oral anticoagulation therapy, we recommend
that they do so in a systematic and coordinated
fashion, incorporating patient education, sys-
tematic INR testing, tracking, follow-up, and
good patient communication of results and dos-
ing decisions as occurs in an anticoagulation
management service (AMS) [Grade 1B].

4.3 Patient Self-Testing and Patient
Self-Management

4.3.1. Patient self-management (PSM) is a choice
made by patients and health-care providers that
depends on many factors. In patients who are
suitably selected and trained, patient self-testing
or PSM is an effective alternative treatment
model. We suggest that such therapeutic manage-
ment be implemented where suitable (Grade 2B).

The coumarins or vitamin K antagonists (VKAs)
have been the mainstay of oral anticoagulant
therapy for more than 60 years. Their effectiveness
has been established by well-designed clinical trials
for the primary and secondary prevention of venous
thromboembolism, for the prevention of systemic
embolism in patients with prosthetic heart valves or
atrial fibrillation, as an adjunct in the prophylaxis of
systemic embolism after myocardial infarction, and
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for reducing the risk of recurrent myocardial infarc-
tion. VKAs are challenging to use in clinical practice
for the following reasons: (1) they have a narrow
therapeutic window; (2) they exhibit considerable
variability in dose response among patients due to
genetic and other factors; (3) they are subject to
interactions with drugs and diet; (4) their laboratory
control is difficult to standardize; and (5) mainte-
nance of a therapeutic level of anticoagulation re-
quires a good understanding of the pharmacokinetics
and pharmacodynamics of warfarin and good patient
communication. Because warfarin is the most com-
monly used VKA worldwide, we will use it inter-
changeably with VKA throughout this article.

1.0 PHARMACOLOGY AND MONITORING OF VKAS

The VKAs produce their anticoagulant effect by
interfering with the cyclic interconversion of vitamin
K and its 2,3 epoxide (vitamin K epoxide), thereby
modulating the vy-carboxylation of glutamate resi-
dues (Gla) on the N-terminal regions of vitamin
K-dependent proteins’-7 (Fig 1). The vitamin K-
dependent coagulation factors II, VII, IX, and X
require y-carboxylation for their procoagulant activ-
ity, and treatment with VKAs results in the hepatic
production of partially carboxylated and decarboxy-
lated proteins with reduced coagulant activity.59
Carboxylation is required for a calcium-dependent
conformational change in coagulation proteins'©-12
that promotes binding to cofactors on phospholipid
surfaces. In addition, the VKAs inhibit carboxylation
of the regulatory anticoagulant proteins C, S, and Z
and thereby have the potential to be procoagulant.'
Under most circumstances, however, the anticoagu-
lant effect of the VKAs is dominant. Carboxylation
requires the reduced form of vitamin K (VKH,), a
v-glutamyl carboxylase, molecular oxygen, and car-
bon dioxide.! Vitamin K epoxide can be reused by
reduction to VKH,. The oxidation-reduction reac-
tion involves a reductase pair. The first, vitamin K
epoxide reductase, is sensitive to VKA, whereas
vitamin K reductase is less sensitive.l3 Therefore,
the anticoagulant effect of the VKAs can be over-
come by low doses of vitamin K (phytonadione) [Fig
1]. Patients treated with large doses of vitamin K can
become resistant to warfarin for up to 1 week or
more because the vitamin K accumulating in the
liver is available to the VKA-insensitive reductase.

The VKAs also interfere with the carboxylation of
Gla proteins that are synthesized in bone.'4-17 Al-
though these effects contribute to fetal bone abnormal-
ities when mothers are treated with a VKA during
pregnancy,'s19 it is unclear how they might affect
children. Two uncontrolled cohort studies described
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FIGURE 1. Vitamin K, is reduced to vitamin KH,. The major warfarin-sensitive enzyme in this reaction
is the vitamin K oxide reductase mainly inhibited by the S enantiomer of warfarin. S-warfarin is
metabolized by the p450 cytochrome enzyme, CYP2C9.

reduced bone density in children on warfarin for > 1
year, but the role of the underlying disorders in reduc-
ing bone density remains unclear.2

1.1 Pharmacokinetics and Pharmacodynamics
of Warfarin

Warfarin is the most common VKA in clinical use.
It is a racemic mixture of two optically active iso-
mers, the R and S enantiomers. Warfarin is highly
water soluble, rapidly absorbed from the GI tract,
has high bioavailability,?"-2> and reaches maximal
blood concentrations about 90 min after oral admin-
istration.21-23 Racemic warfarin has a half-life of 36 to
49 h24 (R-warfarin, 45 h; S-warfarin, 29 h): circulates
bound to plasma proteins (mainly albumin); and
accumulates in the liver, where the two enantiomers
are metabolically transformed by different pathways
(Fig 1).2* The S enantiomer of warfarin (2.7 to 3.8
times more potent than the R enantiomer) is metab-
olized primarily by the CYP2C9 enzyme of the
cytochrome P450 system.?> The less potent R enan-

www.chestjournal.org

tiomer is metabolized primarily by two cytochrome
enzymes, 1A2 and 3A4. The relationship between
the dose of warfarin and the response is modified by
genetic and environmental factors that can influence
the absorption of warfarin, its pharmacokinetics, and
its pharmacodynamics.

Like warfarin, acenocoumarol and phenprocou-
mon also exist as optical isomers but with different
stereochemical characteristics. R-acenocoumarol has
an elimination half-life of 9 h; is primarily metabo-
lized by CYP2C9 and CYP2C19; and is more potent
than S-acenocoumarol due to faster clearance of
S-acenocoumarol, which has an elimination half-life
of 0.5 h and is primarily metabolized by CYP2C9.26
Phenprocoumon is a much longer-acting agent, with
both the R- and the S-isomers having elimination
half-lives of 5.5 days. Both are metabolized by
CYP2C9, and S-phenprocoumon is 1.5 to 2.5 times
more potent than R-phenprocoumon.?

Superwarfarin rodenticides are commonly used in
the United States, and most contain brodifacoum, a
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4-hydroxycoumarin with high lipid solubility and an
elimination half-life of 24 days.?" In cases of acciden-
tal or intentional brodifacoum poisoning, the princi-
pal treatment is vitamin K, with repeated doses given
anywhere from daily to every few days to counteract
the long half-life of brodifacoum.252° For patients
who are actively bleeding, immediate reversal can be
achieved with factor concentrates, such as prothrom-
bin complex concentrates (PCCs) or recombinant
factor VIIa along with repeated daily administration
of vitamin K.30

1.1.1 Genetic Factors

There are a number of mutations in the gene
coding for the cytochrome P450 2C9 hepatic micro-
somal enzyme, which is responsible for the oxidative
metabolism of the more potent warfarin S enantio-
mer,2+31-35 and these mutations will alter the phar-
macokinetics of warfarin. The most common and
best documented alleles, designated 2C9*2 or
2C9*3 to differentiate it from the wild type, 2C9*1,
are associated with an impaired ability to metabolize
S-warfarin, resulting in an increased S-warfarin
elimination half-life. Mutations in this gene are
independently responsible for the reduced war-
farin requirements seen in individuals with one or
more combinations of these polymorphisms
(Table 1).323637 Several investigations3237-3% have
shown that these mutations, as well as others,34.39-40
also are associated with an increase in adverse
clinical outcomes that also occur with the use of
acenocoumarol but not with phenprocoumon.*!-42

The target for warfarin’s inhibitory effect on the
vitamin K cycle is the vitamin K oxide reductase

(VKOR) enzyme first described in 1974.43 The gene
coding for the VKOR protein was recently identified
and found to be located on the short arm of chro-
mosome 16.4445 The gene encodes for several iso-
forms of the protein that collectively are termed the
VKOR complex 1 (VKORC1). Subsequently, muta-
tions in this gene have been identified, leading to
enzymes with varying sensitivities to inhibition by
warfarin, #4650 thereby affecting the pharmacody-
namics of warfarin. These mutations are likely to be
the cause of hereditary warfarin resistance in some
individuals.?® The mutations occur with differing
frequencies in various ethnic populations and ac-
count, in part, for the difference in warfarin doses
required to maintain a therapeutic international nor-
malized ratio (INR)35.46-4851 (Table 1).

Another genetic mutation that affects the phar-
macodynamics of warfarin is in the factor IX
propeptide. It causes selective reduction in factor
IX during treatment with coumarin drugs without
excessive prolongation of the prothrombin time
(PT).33 Factor IX activity decreases to about 1 to
3% of normal, whereas levels of other vitamin
K-dependent coagulation factors decrease to 30 to
40% of normal. Two distinct missense mutations
involving the propeptide coding region have been
described. They are estimated to occur in < 1.5%
of the population and are expressed as selectively
increased sensitivity to the VKA-mediated reduc-
tion of factor IX activity.52 This selective marked
reduction in factor IX activity has been report-
ed352 to increase the risk of bleeding during
anticoagulant therapy, and management of such
rare patients can be difficult.>3

Table 1—Observed Frequency of CYP2C9 and VKORC* Variants Among Various Ethnic Groups (Section 1.1.1)

CYP2C9*1
Argy /Tcgsg, %

CYP2C9 genetic
allelest point
mutation

Ethnic group

CYP2C9*2
Cysy44/1lcgsg, %

CYP2C9*3
Arg, . /Leugs,, %

CYP2C9*4
Argyyy/Thrssg, %

CYP2C9*5
Argy44/Glugeg, %

White 79-86 8-19.1 6-10 ND ND

Indigenous Canadian 91 3 6 ND ND

African American 98.5 1-3.6 0.5-1.5 ND 2.3

Asian 95-98.3 0 1.7-5 0-1.6% 0
VKORC genetic

Haplotype H1 CCGATCTCTG H7 TCGGTCCGCA

Sequence} H2 CCGAGCTCTG HS TAGGTCCGCA

H9 TACGTTCGCG

Ethnic group, %

European 37
African 14
Asian 89

58
49
10

*CYP2C9 and VKORC data from Wittkowsky3?2 and Rieder et al.*” ND = not determined.
FCYP2C9*2, *3, *4, and *5 represent genetic polymorphisms of the wild-type enzyme, CYP2C9*1.
{H1 and H2 represent warfarin-sensitive haplotype. H7, HS, and H9 represent warfarin-resistant haplotype.
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1.1.2 Environmental Factors and Drug Interactions

Environmental factors such as drugs, diet, and
various disease states can alter the pharmacokinetics
of warfarin.>* Consequently, the INR should be
measured more frequently than the usual 4-week
interval when virtually any drug, dietary supplement,
or herbal medicine is added or withdrawn from the
regimen of a patient treated with warfarin. Drugs
such as cholestyramine can reduce the anticoagulant
effect of warfarin by reducing its absorption. Other
drugs potentiate the anticoagulant effect of warfarin
by inhibiting its clearance, whereas some drugs may
inhibit the anticoagulant effect by enhancing its
clearance.” These latter effects may be through
stereoselective or nonselective pathways.>657 (Ste-
reoselective interactions may affect the oxidative
metabolism of either the S enantiomer or R enan-
tiomer of warfarin.) Table 2 provides a comprehen-
sive list of drugs that potentiate, inhibit, or have no
effect on the anticoagulant effect of warfarin.>* A
major problem with the literature on this topic is
that many reports are single case studies and not
well documented. Thus, the drugs categorized in
Table 2 are listed by their probability of causation
based on the quality of documentation as assessed
by Holbrook et al>* in their systematic review.

The inhibition of S-warfarin metabolism is more
important clinically because this enantiomer is five
times more potent than the R enantiomer as a
VKA 5657 Phenylbutazone,> sulfinpyrazone,® met-
ronidazole,® and trimethoprim-sulfamethoxazole®!
inhibit the clearance of S-warfarin, and each poten-
tiates the effect of warfarin on the PT. In contrast,
drugs such as cimetidine and omeprazole, which
inhibit the clearance of the R-isomer, potentiate the
PT only modestly in patients who have been treated
with warfarin.>7-60.62 Amiodarone is a potent inhibitor
of the metabolic clearance of both the S enantiomer
and the R enantiomer and potentiates warfarin
anticoagulation.®3 The anticoagulant effect is inhib-
ited by drugs like barbiturates, rifampin, azathio-
prine, and carbamazepine, which increase hepatic
clearance. Long-term alcohol consumption has a
similar potential to increase the clearance of warfa-
rin, but ingestion of even relatively large amounts of
wine had little influence on the PT in normal
volunteers who were given warfarin.%* The effect of
enzyme induction on warfarin therapy has been
discussed in more detail in a critical review.>

Drugs also may influence the pharmacodynamics of
warfarin by inhibiting the synthesis of or increasing the
clearance of vitamin K-dependent coagulation factors
or by interfering with other pathways of hemostasis.
The anticoagulant effect of warfarin is augmented by
second-generation and third-generation cephalospo-

www.chestjournal.org

rins, which inhibit the cyclic interconversion of vitamin
K%667; by thyroxine, which increases the metabolism of
coagulation factors®S; and by clofibrate through an
unknown mechanism.®” Doses of salicylates of > 1.5
¢/d™ may augment the anticoagulant effect of warfarin.
The commonly held view that acetaminophen does not
significantly augment warfarin’s effect has been chal-
lenged. Thus, a potentiating effect of acetaminophen
has been reported when large doses are used over
prolonged periods.”-7 Although the potentiating effect
may be minimal and inconsistent in some cases, large
doses of acetaminophen have been shown to prolong
the INR in a recent randomized, blinded trial.” Acet-
aminophen’s mechanism of warfarin potentiation is
possibly by inhibition of VKOR by a toxic metabolite of
the drug,™ although the accumulation of this metabo-
lite may vary among individuals, thus accounting for a
variable potentiating effect.” Heparin potentiates the
anticoagulant effect of warfarin but in therapeutic
doses produces only a slight prolongation of the PT.
The mechanisms by which erythromycin™ and some
anabolic steroids™ potentiate the anticoagulant effect
of warfarin are unknown. Sulfonamides and several
broad-spectrum antibiotic compounds may augment
the anticoagulant effect of warfarin in patients consum-
ing diets that are deficient in vitamin K by eliminating
bacterial flora and aggravating vitamin K deficiency.™
Aspirin,™  nonsteroidal antiinflammatory ~ drugs
(NSAIDs),508! penicillins in high doses,5>%% and moxa-
lactam®” increase the risk of warfarin-associated bleed-
ing by inhibiting platelet function. Of these drugs,
aspirin is the most important because of its widespread
use and prolonged effect.545> Aspirin and NSAIDs also
can produce gastric erosions that increase the risk of
upper GI bleeding. This effect can occur even with
cyclooxygenase-2 inhibitors, which were originally be-
lieved to be less likely to predispose to gastric bleeding
than NSAIDs.5! In one case-controlled analysis of
98,821 subjects on warfarin identified in linked data-
bases, celecoxib and rofecoxib were associated with a
1.7-fold or 2.4-fold risk of GI hemorrhage, respective-
ly.5! The risk of clinically important bleeding is height-
ened when high doses of aspirin are taken during
high-intensity warfarin therapy (INR range, 3.0 to
4.5).7956 However, low doses of aspirin (ie, 75 to 100
mg daily) combined with moderate-intensity and low-
intensity warfarin anticoagulation therapy also are asso-
ciated with increased rates of bleeding.575%
Nutritional supplements and herbal products are
particularly problematic in that warfarin-treated pa-
tients often fail to inform physicians that they are
using such products, and physicians rarely ask. In
one survey of 1,200 subjects from four large antico-
agulation clinics, one third used dietary supplements,
and one third indicated that their provider failed to
discuss potential interactions with them.%® There is
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also little or no standardization of the content of such
products, especially herbal remedies, and reports of
interactions often are anecdotal or single-case stud-
ies without good substantiation.?°-93 Of the higher-
quality studies, ginkgo and ginger were shown not to
have an effect on warfarin in healthy subjects in a
randomized, open-label, crossover study,* and co-
enzyme Q,, (and ginkgo) were shown not to have an
effect in a randomized, double-blind, crossover
study.”> Ginseng was shown to reduce the effect of
warfarin in a randomized, placebo-controlled trial %6
Not surprisingly, products with a high content of
vitamin K, such as green tea, were shown to reduce
the anticoagulant effect of warfarin.>*

Subjects receiving long-term warfarin therapy are
sensitive to fluctuating levels of dietary vitamin
K.,9798 which is derived predominantly from phyllo-
quinones in plant material.®® Sadowski et al® have
listed the phylloquinone content of a wide range of
foodstuffs, which also can be found on the Internet
(http://ods.od.nih.gov/factsheets/cc/coumadin].pdf).
Phylloquinones act through the warfarin-insensitive
pathway.!% Important fluctuations in vitamin K in-
take can occur in both healthy and sick subjects.!0!
An increased intake of dietary vitamin K that is
sufficient to reduce the anticoagulant response to
warfarin®” occurs in patients consuming green vege-
tables or vitamin K-containing supplements, while
following weight-reduction diets, and in patients who
have been treated with vitamin K supplements.
Reduced dietary vitamin K intake potentiates the
effect of warfarin in sick patients who have been
treated with antibiotics and IV fluids without vitamin
K supplementation and in patients who have states of
fat malabsorption.

Hepatic dysfunction potentiates the response to
warfarin through the impaired synthesis of coagula-
tion factors. Hypermetabolic states produced by
fever or hyperthyroidism increase warfarin respon-
siveness, probably by increasing the catabolism of
vitamin K-dependent coagulation factors.6%.102

1.2 The Antithrombotic Effect of VKAs

The antithrombotic effect of VKAs has conven-
tionally been attributed to their anticoagulant effect,
which in turn is mediated by the reduction of four
vitamin K-dependent coagulation factors. Evidence
suggests, however, that the anticoagulant and anti-
thrombotic effects can be dissociated and that the
reduction of prothrombin and possibly factor X are
more important than the reduction of factors VII and
IX for the antithrombotic effect. This evidence is
indirect and has been derived from the following
observations. First, the experiments of Wessler and
Gitel'% more than 40 years ago using a stasis model
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of thrombosis in rabbits showed that the antithrom-
botic effect of warfarin requires 6 days of treatment,
whereas an anticoagulant effect develops in 2 days.
The antithrombotic effect of warfarin requires the
reduction of prothrombin (factor II), which has a
relatively long half-life of about 60 to 72 h compared
with 6 to 24 h for other vitamin K-dependent factors
that are responsible for the more rapid anticoagulant
effect. Second, in a rabbit model of tissue factor-
induced intravascular coagulation,'** the protective
effect of warfarin was mainly a result of lowering
prothrombin levels. Third, Patel and associates!>
demonstrated that clots formed from umbilical cord
plasma containing about half the prothrombin con-
centration of plasma from adult control subjects
generated significantly less fibrinopeptide A than
clots formed from maternal plasma. The view that
warfarin exerts its antithrombotic effect by reducing
prothrombin levels is consistent with observations
that clot-bound thrombin is an important mediator
of clot growth'%6 and that reduction in prothrom-
bin levels decreases the amount of thrombin gen-
erated and bound to fibrin, thereby reducing
thrombogenicity.!0

The suggestion that the antithrombotic effect of
warfarin is reflected in lower levels of prothrombin
forms the basis for overlapping the administration of
heparin with warfarin until the PT or INR is prolonged
into the therapeutic range during the treatment of
patients with thrombosis. Because the half-life of pro-
thrombin is about 60 to 72 h, at least 4 days of overlap
is necessary. Furthermore, the levels of native pro-
thrombin antigen during warfarin therapy more closely
reflect antithrombotic activity than the PT.107

1.3 Monitoring Anticoagulation Intensity

The PT test'® is the most common test used to
monitor VKA therapy. The PT responds to a reduction
of three of the four vitamin K-dependent procoagulant
clotting factors (ie, II, VII, X) that are reduced by
warfarin at a rate proportional to their respective
half-lives. Thus, during the first few days of warfarin
therapy, the PT reflects mainly a reduction of factor
VII, the half-life of which is approximately 6 h. Subse-
quently, the reduction of factors X and II contributes to
prolongation of the PT. The PT assay is performed by
adding calcium and thromboplastin to citrated plasma.
Thromboplastins vary in responsiveness to a reduction
of the vitamin K-dependent coagulation factors. An
unresponsive thromboplastin produces less prolonga-
tion of the PT for a given reduction in vitamin K-
dependent clotting factors than a responsive one. The
responsiveness of a thromboplastin can be measured by
assessing its international sensitivity index (ISI) [see
below]. Highly sensitive thromboplastins (ISI, approx-
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imately 1.0) that comprise human tissue factor pro-
duced by recombinant technology and defined phos-
pholipid preparations are now available. Poller'® and
Kirkwood, !¢ have reviewed the history of standardiza-
tion of the PT, and more detailed discussions can be
found in prior editions of this article.!!

PT monitoring of warfarin treatment is not stan-
dardized when expressed in seconds, as a simple
ratio of the patient’s plasma value to that of plasma
from a healthy control subject, or as a percentage of
diluted normal plasma. A calibration model,'© which
was adopted in 1982, is now used to standardize
reporting by converting the PT ratio measured with
the local thromboplastin into an INR, calculated as
follows:

INR = (patient PT/mean normal PT
or
log INR = ISI (log observed PT ratio)

)ISI

where ISI denotes the ISI of the thromboplastin
used at the local laboratory to perform the PT
measurement. The ISI reflects the responsiveness of
a given thromboplastin to the reduction of the
vitamin K-dependent coagulation factors compared
with the primary World Health Organization (WHO)
international reference preparations so that the more
responsive the reagent, the lower the ISI value. 109110
As the INR standard of reporting was widely
adopted, a number of problems surfaced, which are
listed in Table 3 and reviewed briefly below.

The INR is based on ISI values derived from the
plasma of patients who had received stable antico-
agulant doses for at least 6 weeks.!12 As a result, the
INR is less reliable early in the course of warfarin
therapy, particularly when results are obtained from
different laboratories. Even under these conditions,
however, the INR is more reliable than the uncon-
verted PT ratio'? and is thus recommended during
both the initiation and maintenance of warfarin
treatment. The validity of the INR in other condi-
tions of impaired coagulation has not been fully
evaluated. Although the INR may be no worse a
measure of impaired coagulation in liver disease than
the PT in raw seconds or the unconverted PT
ratio, 14115 there is evidence that the PT reported in
percent activity based on a dilution curve of normal
plasma is a more accurate reflection of liver-induced
coagulation impairment.!16.117

The INR accuracy can be influenced by reagents
of different sensitivities''s and by the automated clot
detectors now used in most laboratories.!'9-126 In
general, the College of American Pathologists has
recommended!?” that laboratories use thromboplas-
tin reagents that are at least moderately responsive
(ie, ISI, < 1.7) and reagent/instrument combinations
for which the IST has been established and validated.
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Table 3—Potential Problems With the INR (Causes of
Erroneous INR) [Section 1.3]*

Problems Description

Incorrect PTR from Trisodium citrate concentration,
erroneous PT determination
due to pretest variables
(sampling and blood
collection problems)

Incorrect normal value

storage time, storage
temperature, evacuated tube
effects, inadequate sample,
variations in manual technique
From nonuse of MNPT, error
in MNPT due to:
(1) unrepresentative selection;
(2) technical faults (see above);
(3) nonuse of geometric mean
Incorrect choice of IRP; poor
distribution of coumarin test
samples across treatment range;
inadequate numbers of test
samples in ISI calibration;
incorrect transformation of
PTR of test plasmas to INR

Incorrect IST of local
thromboplastin reagent/test
system from lack of
reliability of the IST result
provided by the

manufacturer

Drift of IST since original
calibration

Instrument (coagulometer)
effects on INR at local site

Lupus anticoagulant effects on
some thromboplastin
reagents

Lack of reliability of the INR
system when used at the
onset of warfarin therapy
and for screening for a
coagulopathy in patients
with liver disease

Relative lack of reliability of
INR > 4.5, as these values
are excluded from ISI
calibrations

*IRP = international reference preparation; MNPT = mean normal
PT; PTR = prothrombin time ratio.

ISI values provided by the manufacturers of
thromboplastin reagents are not invariably correct
when applied locally,'28-130 and this adversely affects
the reliability of measurements. Local calibrations
can be performed using plasma samples with certi-
fied PT values to determine the instrument-specific
ISI. The mean normal plasma PT is not interchange-
able with a laboratory control PT.!3! Therefore, the
use of other than a properly defined mean normal
PT can yield erroneous INR calculations, particularly
when less responsive reagents are used. The mean
normal PT should be determined with each new
batch of thromboplastin with the same instrument
used to assay the PT.!3!

The concentration of citrate that is used to anti-
coagulate plasma may affect the INR.132133 In gen-
eral, higher citrate concentrations (3.8%) lead to
higher INR values,'3? and underfilling the blood
collection tube spuriously prolongs the PT because
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excess citrate is present. Using collection tubes
containing 3.2% concentrations of citrate for blood
coagulation studies and adequately filling them can
reduce this problem.

1.4 Optimal Therapeutic Range

The optimal target range for the INR is likely not
to be the same for all indications. It is likely to be
influenced not only by the indication for its use, but
also by patient characteristics. Thus, in patients who
are at very high risk of bleeding, it might be prudent
to sacrifice some efficacy for safety. Bleeding, the
major complication of oral anticoagulant therapy, is
closely related to the intensity of anticoagulation. 134139
Accordingly, there has been interest in establishing
the lowest effective therapeutic range.!39-145 Univer-
sal agreement has not been reached on the optimal
range for the various indications because data on the
topic are incomplete. For example, European ex-
perts tend to recommend higher ranges for patients
with mechanical heart valves than do North Ameri-
can experts,146.149-151

Investigators have used various methodologic ap-
proaches to establish the most appropriate range for
different indications, as follows: (1) randomized trials
in which patients are assigned to two different target
ranges!42-145.152.153, (2) indirect comparisons of re-
sults of randomized trials comparing patients treated
with different intensities of anticoagulants or to those
treated with another antithrombotic agent (usually
aspirin)!>4-157; (3) subgroup analyses of observational
studies (including within treatment groups of random-
ized trials) relating the observed INR or time spent in
an INR range at the time of the outcome to either a
bleeding event or a thromboembolic event!37-140.155,159;
and (4) case-control studies in which the INR levels at
the time of an event are recorded and compared with
INR levels in appropriately selected control subjects.!4!
All of these designs have limitations, but a randomized
trial that compares two target INR ranges provides
results that are closest to the truth because if appropri-
ately designed, it minimizes bias.!%

Four randomized studies'#>-145 have compared a
moderate-intensity INR (approximately 2.0 to 3.0) to
higher-intensity adjusted dose oral anticoagulation,
and all reported that the moderate intensity reduced
the risk of clinically important bleeding without
reducing efficacy. In two of these studies, one in
patients with venous thromboembolism'4? and the
other in patients with tissue heart valves,'#> patients
assigned to an INR intensity of 2.0 to 3.0 experi-
enced less bleeding without apparent loss of efficacy
than those who were assigned to an INR of 3.0 to 4.5.
The results of these trials influenced the decision to
lower the target INR range in North America to 2.0
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to 3.0 for these and other indications.!>*-15! Recently,
a randomized trial demonstrated that an INR of
< 2.0 (INR target, 1.5 to 2.0)'52 reduced the recur-
rence of venous thrombosis after an initial 3 to 6
months of standard treatment when compared to
placebo. A subsequent clinical trial,'>® however,
found that maintaining an INR intensity of 2.0 to 3.0
in the same setting was more effective than a lower
intensity of 1.5 to 2.0 and was not associated with a
greater risk of bleeding.

Fixed minidose warfarin (1 mg daily) has been
evaluated in a number of clinical settings. A small
randomized trial'®! reported the finding that fixed
minidose warfarin (ie, 1 mg daily) was effective in
preventing subclavian vein thrombosis in patients
with malignancy who had indwelling catheters. Sub-
sequently, two prospective cohort studies!62163 re-
ported a reduced incidence of catheter thrombosis
compared to historical controls in patients treated
with 1 mg warfarin. In contrast, two larger randomized
studies failed to support the effectiveness of warfa-
rin.'64165 Heaton et al'®> randomized 88 patients and
objectively documented thrombosis in 18% of the
warfarin group vs 12% of the placebo group. Couban et
al'®* randomized 255 patients and reported a 5% rate
of symptomatic deep vein thrombosis (DVT) in the
warfarin-treated group vs 4% in the placebo group.
Investigators have reported similar findings of the
ineffectiveness or reduced effectiveness of fixed min-
idose warfarin compared to dose-adjusted warfarin
(INR, 2.0 to 3.0). Three of these studies!64-170 evalu-
ated its efficacy following major orthopedic surgery,
and one each evaluated its efficacy in patients with
indwelling catheters,'4 atrial fibrillation,'®® or acute
myocardial infarction.!™ Therefore, therapy with fixed
minidose warfarin is either ineffective or much less
effective than that with dose-adjusted warfarin in mod-
erate-to-high-risk situations.

Oral anticoagulants are effective in preventing
stroke!™-175 and prolonging survival in patients with
atrial fibrillation.'” Although moderate-intensity war-
farin therapy (INR, 2.0 to 3.0) has not been directly
compared with higher-intensity regimens in atrial fibril-
lation, the recommendation of a target INR of 2.0 to
3.0 is supported by the following evidence: (1) indirect
comparison of several randomized trials!>>-157.177.175
showed that moderate-intensity warfarin regimen
(INR, 2.0 to 3.0) resulted in a similar risk reduction as
higher-intensity regimens; (2) a randomized trial'™
reported that adjusted-dose warfarin therapy (INR, 2.0
to 3.0) was more effective than the combination of
fixed-dose warfarin (3 mg) and aspirin; and (3) a
subgroup analysis of one prospective study,'4-15 the
results of one case-control study,'*! one prospective
cohort study,'®® and two prospective registries!s!152
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showed that the efficacy of oral anticoagulant agents is
reduced when the INR falls to < 2.0.

In contrast to studies in the primary and secondary
prevention of venous thrombosis and in the preven-
tion of systemic embolism in patients with atrial
fibrillation, warfarin at an INR of 2.0 to 3.0 has not
been compared to a higher target INR in patients
with acute myocardial infarction except when the
oral anticoagulant was combined with aspirin. Two
randomized trials's3154 reported that a higher-inten-
sity warfarin regimen (INR, 3.0 to 4.0) is more
effective than aspirin alone in preventing recurrent
infarction, stroke, or death and is as effective and at
least as safe as the combination of aspirin and a
moderate-intensity anticoagulant regimen (INR, 2.0
to 2.5) following an episode of acute coronary syn-
drome. In contrast, the combination of aspirin and
moderate-intensity anticoagulation (INR, 2.0 to 3.0)
is more effective than aspirin alone following an
episode of acute coronary syndrome, albeit, at a
significantly greater risk of major bleeding.> The
combination of a lower-intensity anticoagulant regi-
men (INR, 1.5 to 2.5) and aspirin has been shown to
be no more effective than aspirin alone.!8>156 These
secondary prevention studies contrast with those
reported in the primary prevention of myocardial
infarction in which low-intensity warfarin therapy
(INR, 1.3 to 1.8) either used alone or in combination
with aspirin was effective in high-risk men.5%

In conclusion, a single therapeutic range for VKAs
may not be optimal for all indications. However, a
moderate-intensity INR (2.0 to 3.0) is effective for most
indications. The possible exception is the primary pre-
vention of myocardial infarction in high-risk patients in
which a lower INR is preferable. In addition, a lower
INR range (1.5 to 2.0) is effective in patients with
venous thrombosis who have received 6 months of
full-dose treatment (INR, 2.0 to 3.0), although the
lower intensity is less effective than the higher intensity.
Fixed-dose warfarin therapy has a reduced efficacy or
none at all. The optimal intensity for patients with
prosthetic heart valves remains uncertain, although
there is evidence that such patients do not require the
very-high-intensity regimens that have been used in the
past. Although defining an appropriate range is an
important step in improving patient outcomes, it is only
the first of two steps. The second is ensuring that the
targeted range is achieved promptly and maintained. In
general, success in achieving this second goal has been
suboptimal. It is better when the INR is controlled by
experienced personnel in anticoagulant clinics and by
using computer-assisted dosage adjustment.’s” Clini-
cians can find specific recommendations regarding the
optimal intensity of therapy for each of these indica-
tions in the articles in this supplement that deal with
each indication.
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2.0 DOSE MANAGEMENT OF VKA THERAPY

Using the correct intensity of a coumarin antico-
agulant and maintaining the patient in the therapeu-
tic range are two important determinants of its
therapeutic effectiveness and safety. High-quality
dose management is needed to achieve and maintain
the INR in the therapeutic range. The ability of the
health-care provider to make appropriate dosage and
follow-up decisions can have a major impact on
therapeutic effectiveness. The comprehensive man-
agement of the VKAs requires a knowledgeable
health-care provider, an organized system of follow-
up, reliable PT monitoring, and good patient com-
munication and education.187-189

The following discussion addresses a number of
management issues pertaining to the use of VKAs. A
systematic review of the literature was performed
based on predefined criteria for the population at
risk, the intervention or exposure evaluated, the
outcomes assessed, and the methodology of the trials
evaluated (Table 4).

2.1 Initiation and Maintenance Dosing

Following the administration of warfarin, an initial
effect on the INR usually occurs within the first 2 or
3 days, depending on the dose administered, and an
antithrombotic effect occurs within the next several
days.190:-191 Heparin or low-molecular-weight heparin
should be administered concurrently when a rapid
anticoagulant effect is required, and its administra-
tion should be overlapped with warfarin until the
INR has been in the therapeutic range for at least 2
days to allow for further reduction of factors X and
II. A loading dose (ie, > 10 mg) of warfarin is not
recommended. A number of randomized studies
have supported the use of a lower initiation dose.
Harrison et al'® and Crowther et al'®2 found that in
hospitalized, predominantly elderly patients, com-
mencing with an average maintenance dose of 5 mg
warfarin usually results in an INR of > 2.0in 4 or 5
days with less excessive anticoagulation compared to
that with an initial 10-mg dose. Kovacs et al,19
however, found that in outpatients who had been
treated for venous thromboembolism, an initial
10-mg dose for the first 2 days of therapy compared
to a 5-mg dose resulted in a more rapid achievement
of a therapeutic INR (1.4 days earlier) without a
difference in rates of excessive anticoagulation. This
study,'®3 however, included fewer patients over 75
years of age than did the study of hospitalized
patients.'¥2 Thus, there is room for flexibility in select-
ing a starting dose of warfarin. Some clinicians prefer to
use a large starting dose (eg, 7.5 to 10 mg), whereas a
starting dose of = 5 mg might be appropriate in elderly
patients; in patients with impaired nutrition, liver dis-
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Table 4—Question Definition and Eligibility Criteria for Managing Oral Anticoagulant Therapy for Which
Recommendations Are Being Proposed (Section 2.0)*

Intervention or

Section Population Exposure Outcomes Methodology Exclusion Criteria

2.1.1 Patients taking VKA Initial dosing of VKA Time to achieve therapeutic ~ RCT < 25 patients

range; rates of
supratherapeutic or
subtherapeutic INR

2.1.2 Elderly patients Initial dosing of VKA Time to achieve therapeutic ~ RCT; prospective cohort; < 25 patients
taking VKA range; rates of observational

supratherapeutic or
subtherapeutic INR
2.1.3  Patients taking VKA Frequency of INR TTR; rates of hemorrhage or  RCT; prospective cohort; ~ None
monitoring (higher vs thromboembolism observational
lower frequency)

2.1.4 Patients taking VKA~ Dose management; use  Time to return to RCT; prospective cohorts;  Reports before
with of vitamin K to therapeutic INR; observational 1995
nontherapeutic correct INR hemorrhage or
INR without thromboembolism
bleeding

214 Patients taking VKA Dose management; use Time to return to RCT; prospective cohorts;  None
with any INR and of vitamin K, FFP, therapeutic INR; observational
active bleeding or PCCs, rVIla to hemorrhage or
need for emergent reverse INR or thromboembolism
reversal of INR bleeding

2.15 Patients taking VKA Dose management; use  Stability of INR within RCT; prospective cohorts ~ None
with unstable or of vitamin K to therapeutic range
variable INR over stabilize INR
time

2.1.7 Patients with INR therapeutic range Hemorrhage or RCT; prospective cohort;  None
antiphospholipid thromboembolism observational; registries
syndrome and
taking VKA

2.3.1  Patients taking VKA~ UC vs AMS care TTR; hemorrhage or RCT; prospective cohort; < 100 patients; use

thromboembolism observational of PT rather
than INR

2.3.3  Patients taking VKA Use of POC monitor at ~ TTR; hemorrhage or RCT; prospective cohort; < 50 patients

home to measure
INR and/or to adjust
VKA dose compared
to UC or AMS

thromboembolism

observational

*FFP = fresh frozen plasma; rVIIa = recombinant factor VIIa; RCT = randomized controlled trial.

ease, or congestive heart failure (CHF); and in patients
who are at high risk of bleeding. An initial dose of 2 to
3 mg is appropriate for patients who have undergone
heart valve replacement.19+19

In the past few years, studies have shown that
pharmacogenetics plays an important role in the phar-
macokinetic and pharmacodynamic behavior of warfa-
rin. Single nucleotide polymorphisms (SNPs) in the
gene coding for CYP2C9, the principal enzyme respon-
sible for metabolizing the S enantiomer of warfarin, will
significantly alter the rate of metabolism (ie, half-life) of
warfarin, affecting both the rapidity of initial effect and
the dose required to maintain a therapeutic INR.
Similarly, various mutations in the gene coding for the
VKORCI enzyme will lead to a protein that is either
sensitive or resistant to warfarin inhibition and, thus,
affect the initial dose required to achieve a therapeutic
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INR as well as the dose required to maintain a thera-
peutic INR. In a retrospective, observational analysis,
Joffe et al'¥6 found that CYP2C9 polymorphisms inde-
pendently predicted low warfarin requirements after
adjusting for body mass index, age, acetaminophen use,
and race (odds ratio [OR], 24.8; 95% confidence
interval [CI], 3.83 to 160.78). Gage et al'®7 developed a
dosing algorithm based on CYP2C9 polymorphisms
along with clinical and demographic factors in 369
patients on stable warfarin therapy. Older age, low
body surface area, and the presence of CYP2C9*2 or
CYP2C9*3 alleles were strongly associated with lower
warfarin dose requirements (p < 0.001). The mainte-
nance dose decreased by 8% per decade of age, by 13%
per SD in body surface area, by 19% per CYP2C9*2
allele, and by 30% per CYP2C9*3 allele. These factors,
along with gender, accounted for 39% of the variance
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in the maintenance dose of warfarin. Sconce et al*
similarly found that age, height, and CYP2C9 genotype
significantly contributed to S-warfarin clearance in 297
patients on stable anticoagulation. The mean daily
warfarin dose was highest in those who were homozy-
gous for the CYP2C9 wild type compared to the
CYP2C9*2 and CYP2C9*3 alleles. The impact of these
mutations in CYP2C9 also affects acenocoumarol, al-
though to a lesser degree because the anticoagulation
potencies of the R and S enantiomers are comparable.'9

Genetic mutations in the gene coding for the
VKORCI often involve several mutations, leading to
various haplotypes that cause greater resistance to
warfarin therapy. Harrington et al®® found a warfarin-
resistant individual who had high serum warfarin con-
centrations and a 196G > A transition, predicting a
Val66Met substitution in VKORCI. In a study of 147
patients, D’Andrea et al*6 found that patients with a
1173CC genotype required a higher mean mainte-
nance dose than those with a CT or TT genotype, as did
Quteineh et al,'®® who found that a 1173 C>T
polymorphism was significantly associated with the risk
of anticoagulation overdose. By identifying a number of
noncoding SNPs, Rieder et al*7 were able to infer that
five major haplotypes are associated with different dose
requirements for maintaining a therapeutic INR. The
maintenance dose ranged from a low of 2.7 mg warfarin
per day for the sensitive haplotypes up to 6.2 mg per
day for the resistant haplotypes. Asian Americans had
the higher proportion of sensitive haplotypes, whereas
African Americans more frequently exhibited the resis-
tant haplotypes (Table 1). Sconce et al*® found that a
combination of CYP2C9 and VKORCI genotypes plus
height produced the best predictive model for estimat-
ing warfarin dose, whereas Vecsler et al?® reported
that CYP2C9 and VKORCI genotypes together with
age and body weight could explain as much as 63% of
the dose variance, and Herman et al®> could explain
60% of dose variability due to CYP2C9 and VKORC1
polymorphisms, age, and body surface area.

These findings are significant not only because
they may predict initial and maintenance warfarin
dosing requirements, but also because certain geno-
types have been associated with adverse events.
Thus, Higashi et al®® studied 185 patients, 58 with at
least one variant genotype of CYP2C9, and found in
those with variant genotypes an increased risk of
having INRs above range (hazard ratio [HR], 1.40;
95% CI, 1.03 to 1.90) and a significant risk of a
serious or life-threatening bleeding event (HR, 2.39;
95% CI 1.18 to 4.86). The latter hazard estimate was
based on a few events in a very small number of
patients with the variant genotypes. Joffe et al,196
also studying CYP2C9 SNPs, found an upward trend
in rates of an INR > 6.0 or of bleeding in patients
who were categorized as heterozygotes or compound
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hetero/homozygotes compared to wild types, as did
Veenstra et al.3* A similar increased risk of bleeding
was seen in patients with these polymorphisms who
were taking acenocoumarol but not phenprocoumon.*!

The ability to determine mutations in the genes
coding for these two proteins will likely influence
future dosing patterns (eg, algorithms), but just how
much value they will add to conscientious monitoring
of the INR and dose management remains to be
determined.?°! To date, only pilot trials of genetic-
based dosing have been performed with mixed results.
Hillman et al>*? randomized 38 patients to standard vs
genetic-based dosing and showed a nonstatistical de-
crease in adverse events (6 of 20 in the standard group
vs 2 of 18 in the genetic-based dosing group). All
patients were dosed based on an algorithm taking into
account mutations in CYP2C9. Voora et al2® dosed a
single cohort of 48 orthopedic patients according to
their CYP2C9 genotype in addition to age, weight,
height, gender, race, and use of simvastatin or amioda-
rone. Although patients with a CYP2C9 variant
promptly achieved a stable dose, they continued to be
at higher risk of an INR > 4.0 than patients with a
normal genotype. The use of genetic testing before
initiating warfarin therapy is impractical in most centers
because it is not available in a timely manner. The
future role of genetic testing in assisting dose predic-
tion only can be determined by appropriately designed
randomized trials.

After 4 to 5 days of concomitant warfarin and
heparin therapy, heparin is discontinued when the INR
has been in the therapeutic range on two measure-
ments approximately 24 h apart. This delay in discon-
tinuing heparin allows factors X and IT to be reduced to
their plateau levels. If treatment initiation is not urgent
(eg, in chronic stable atrial fibrillation), warfarin admin-
istration, without concurrent heparin administration,
can be commenced out of hospital with an anticipated
maintenance dose of 4 to 5 mg/d. In patients with a
known protein C deficiency or another thrombophilic
state, it would be prudent to begin heparin therapy
before or at the same time as starting warfarin therapy
to protect against a possible early hypercoagulable state
caused by a warfarin-mediated reduction in the vitamin
K-dependent coagulation inhibitors.204

Because dose requirements often change during
maintenance therapy, physicians use various strategies
to ensure that dosing instructions are simple and clear
for the patient. Some providers prefer to use a fixed
tablet strength of warfarin and to use alternate dose
amounts (tablets or fraction of tablets) per day. Others
prefer a uniform daily amount that might require the
patient to have different tablet strengths. Both methods
achieve similar outcomes, although the former practice
may be more confusing for the patient.205206
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Recommendation

2.1.1. In patients beginning VKA therapy, we
recommend the initiation of oral anticoagulation,
with doses between 5 and 10 mg for the first 1 or
2 days for most individuals and subsequent dosing
based on the INR response (Grade 1B). At the
present time, for patients beginning VKA therapy,
without evidence from randomized trials, we sug-
gest against the use of pharmacogenetic-based
initial dosing to individualize warfarin dosing
(Grade 2C).

2.2 Initiation of Anticoagulation in the Elderly

The dose required to maintain a therapeutic range
for patients over 60 years of age decreases with
increasing age,'95-207-209 possibly because of a reduc-
tion in the clearance of warfarin with age.210211
Gender also influences dose, with women requiring
less warfarin to maintain a therapeutic INR than
men at an equivalent age.'®> In a prospective cohort
study of elderly patients who were given three initial
doses of 4 mg, Siguret et al>!2 were able to accurately
predict the maintenance dose based on the INR on
the third day in 73% of patients, and within 1 mg of
the maintenance dose in 95% of patients; no patient
had an INR > 4.0. Therefore, in elderly patients, the
initial dose of warfarin should not be > 5 mg 23 and
in some cases (ie, in patients with a high risk of
bleeding; in those who are undernourished, have
congestive heart failure (CHF), or have liver disease;
or in those who have undergone heart valve replace-
ment surgery), it should be less.95213 Other factors
that may influence the response to anticoagulation in
elderly patients include the potential for a greater
number of other medical conditions and/or concur-
rent drug use.2°” Consequently, it is advisable to
monitor older patients more frequently in order to
maximize their time in the therapeutic range
(TTR).214

Recommendation

2.2.1. In elderly patients or in patients who are
debilitated, malnourished, have CHF, have
liver disease, have had recent major surgery, or
are taking medications known to increase the
sensitivity to warfarin (eg, amiodarone), we rec-
ommend the use of a starting dose of =5 mg
(Grade 1C) with subsequent dosing based on the
INR response.

2.3 Frequency of Monitoring

In hospitalized patients, PT monitoring is usually
performed daily, starting after the second or third dose
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until the TTR has been achieved and maintained for at
least 2 consecutive days; then two or three times weekly
for 1 to 2 weeks; then less often, depending on the
stability of INR results. In outpatients starting warfarin
therapy, initial monitoring may be reduced to every few
days until a stable dose response has been achieved.
When the INR response is stable, the frequency of
testing can be reduced to intervals as long as every 4
weeks, although evidence?!5216 suggests that testing
more frequently than every 4 weeks will lead to greater
TTR. If adjustments to the dose are required, then the
cycle of more frequent monitoring should be repeated
until a stable dose response can again be achieved.
The optimal frequency of long-term INR monitor-
ing is influenced by patient compliance, transient
fluctuations in the severity of comorbid conditions,
the addition or discontinuation of other medications,
changes in diet, the quality of dose-adjustment de-
cisions, and whether the patient has demonstrated a
stable dose response. Some investigators?!7215 have
attempted to develop predictive models with the goal
of reducing the frequency of testing without sacrificing
quality. Pengo et al?'8 randomized 124 patients with
prosthetic mechanical heart valves who were on stable
therapy for at least 6 months to INR monitoring either
at 6-week or at 4-week intervals. They found no
difference in time in, above, or below range between
the groups; however, the actual interval of monitoring
was 24.9 days in the 6-week group and 22.5 days in the
4-week group (p < 0.0003). Other clinical trials?!5216
have suggested that during long-term treatment, the
TTR and, presumably, fewer adverse events can be
maximized by more frequent testing. This finding is
particularly true in studies using patient self-testing
(PST) in which access to testing is virtually unlimited.
Horstkotte et al?!> addressed this issue in 200 patients
with mechanical cardiac valves and found that the
percentage of INRs within the target range increased
from 48% when monitoring was performed at an
average interval of 24 days to 89% when monitoring
was performed at an average of every 4 days by home
PST using a point-of-care (POC) monitor. In a recent
study of > 4,000 patients with chronic atrial fibrillation
and > 250,000 INRs, Shalev et al?!¥ found a greater
time in range as the testing interval decreased from
every 5 weeks to every 3 weeks (41 to 48%,
p < 0.0005), and the investigators suggested that pa-
tients should be monitored no longer than every 4
weeks. More frequent monitoring may be advisable for
patients who exhibit an unstable dose response.

Recommendations

2.3.1. In patients beginning VKA therapy, we
suggest that INR monitoring be started after
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the initial two or three doses of oral anticoagu-
lation therapy (Grade 2C).

2.3.2. For patients who are receiving a stable
dose of oral anticoagulants, we suggest moni-
toring at an interval of no longer than every 4
weeks (Grade 2C).

2.4 Management of Nontherapeutic INRs With or
Without Bleeding

Fluctuations in INR may occur because of any one
or more of the following conditions: (1) inaccuracy in
INR testing; (2) changes in vitamin K intake; (3) changes
in vitamin K or warfarin absorption; (4) changes in
warfarin metabolism; (5) changes in vitamin K-
dependent coagulation factor synthesis or metabo-
lism; (6) other effects of concomitant drug use; or (7)
patient noncompliance. The management of patients
whose INR is outside the therapeutic range is con-
troversial because many of the various options have
not been compared.

When the INR is nontherapeutic, there are many
options for dose adjustments. Patients whose INR is
just outside the therapeutic range can be managed
by either adjusting the dose up or down in incre-
ments of 5 to 20% based on the cumulative weekly
dose of warfarin or by more frequent monitoring, the
latter with the expectation that the INR will return
to therapeutic levels without a dosage change. Be-
cause the absolute daily risk of bleeding is low even
when the INR is excessively prolonged, many physi-
cians manage patients with minimally elevated INRs
by more frequent monitoring without a dose
change?? or for higher INR values between 4.0 and
10.0, by stopping warfarin for 1 day or more, reduc-
ing the weekly dose, and monitoring more frequent-
ly.221.222 Hylek et al?23 reported that when two doses
of warfarin were withheld in patients whose INR was
> 6.0, the INR returned more slowly if their main-
tenance dose was lower, they were of older age, they
had a higher initial INR, they had decompensated
CHEF, or they had active cancer. Among 562 patients
with an INR between 6.0 and 10.0, the subsequent
INR measurement after withholding two doses of
warfarin was < 4.0 in 67% of patients and < 2.0 in
12% of patients. Garcia et al??? assessed the manage-
ment of 979 patients who presented with an INR
between 5.0 and 9.0. Vitamin K was used in only
8.7% of the episodes of elevated INR values, and
major bleeding occurred in 1% of all patients in the
following 30 days. If the patient is at intrinsically high
risk of bleeding or if bleeding has already developed,
patients also can be managed by omitting one or
more doses, by more frequent monitoring, and by
actively intervening to lower the INR more rapidly.
The interventions include administering vitamin K
and/or infusing fresh frozen plasma,??* prothrombin
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concentrates,22> or recombinant factor VIIa.226-230
The choice of approach is based largely on the
potential risk of bleeding, the presence of active
bleeding, and the level of the INR. Crowther et al?3!
compared either stopping warfarin or administering
oral vitamin K in a randomized trial of patients with
an INR of between 4.5 and 10. Those not treated
with vitamin K experienced a higher rate of minor
bleeding in the following 3 months compared to
those who were treated with vitamin K (4% vs 17%,
respectively; p = 0.05). Ageno et al?*? randomized
59 mechanical heart valve patients with an INR
between 6.0 and 12.0 to either 1 mg of oral vitamin
K or to no treatment. Although no major bleeding
occurred in either group in this small study, 1 mg of
oral vitamin K more commonly returned a prolonged
INR value to the therapeutic or near-therapeutic
range within 1 day than in the no-treatment group
(mean INR in 24 h, 2.99 vs 5.23, respectively). Three
patients in the vitamin K group had an INR of < 1.8
compared to zero in the control group. Finally,
Gunther et al>>> managed 75 episodes of an INR
> 10, treating 51 episodes with low-dose vitamin K
(2 mg) compared with 24 episodes with no treat-
ment. There were no major bleeds in the treated
patients vs three clinically important bleeds in the
nontreated patients.

The response to vitamin K administered subcutane-
ously is less predictable than to oral vitamin K and is
sometimes delayed.234-236 Some studies>*6-240 have
confirmed earlier reports that oral administration is
predictably effective and has the advantages of safety
and convenience over parenteral routes. If a decision is
made to use vitamin K, it should be administered in a
dose that will quickly lower the INR into a safe, but not
subtherapeutic range without causing resistance once
warfarin is reinstated®*! or without exposing the patient
to the risk of anaphylaxis.>*> High doses of vitamin K,
though effective, may lower the INR more than is
necessary and may lead to warfarin resistance for 1
week or more. Low doses of vitamin K and slow
infusion rates are recommended, but there is no defin-
itive evidence that anaphylaxis can be avoided by using
low doses or slow infusion rates.>*> A dose range of 1.0
to 2.5 mg is effective when the INR is between 5.0 and
9.0, but larger doses (ie, 2.5 to 5 mg) are required to
correct INRs of > 9.0. Vitamin K also can be admin-
istered by slow IV infusion when there is a greater
urgency to reverse anticoagulation®3*244 or an impair-
ment in vitamin K absorption. IV injection may be
associated with anaphylactic reactions, #2243 although
such reactions have occurred with non-IV routes of
administration.243

For life-threatening bleeding, immediate correc-
tion of the INR is mandatory. Although fresh frozen
plasma can be given in this situation, immediate and
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full correction can only be achieved by the use of
factor concentrates®® because the amount of fresh
frozen plasma required to fully correct the INR is
considerable?#> and may take hours to infuse. Yasaka
et al?*6 found that a dose of 500 IU of PCC was
optimal for rapid reversal for an INR of < 5.0 but
that higher doses might be needed for more elevated
INRs. Although not currently approved for this
indication, recombinant factor VIIa has been shown
to be effective in reversing therapeutic INRs to
normal at varying doses (10 pg/kg to maximum
cumulative dose of 400 pg/kg) in healthy volun-
teers?> and to reversing supratherapeutic INRs
and/or bleeding in patients on warfarin,?¢ again at
varying doses (15 to 90 wg/kg). In a prospective
observational study of 16 patients with major bleed-
ing on warfarin, Dager et al>*7 found that a dose of
approximately 16 pg/kg was adequate for rapid
reversal of the INR and to achieve a desirable
hemostatic effect in 14 patients. Recombinant factor
VIIa has a short half-life, and vitamin K should be
administered simultaneously to stimulate factor pro-
duction. Recombinant factor VIIa also has been
associated with an increased risk of thromboembolic
events,248 as have some PCCs.24° Thus, one must
take this potential adverse effect into consideration
when using such agents. Finally, the use of PCCs or
recombinant factor VIIa may vary depending on the
availability of such products in one’s institution.
Table 5 outlines the recommendations for managing
patients who are receiving coumarin anticoagulants
who need their INR lowered because of actual or
potential bleeding.

For patients with subtherapeutic INRs during
long-term therapy, no specific studies have examined
the optimal method of correction. Because the aver-
age daily risk of thrombosis for most indications is
quite small, except in exceptional circumstances,
most patients do not need to be covered with a
rapidly acting anticoagulant, such as heparin or
low-molecular-weight heparin. Rather, the weekly
cumulative dose of warfarin is usually increased by
10 to 20%, and more frequent monitoring is insti-
tuted until the INR is stable. In some cases, patients
may be given a one-time larger dose followed by
more frequent monitoring with or without a change
in the cumulative weekly dose.

Recommendations

2.4.1. For patients with INRs above the therapeu-
tic range but < 5.0 and with no significant bleed-
ing, we recommend lowering the dose or omitting
a dose, monitoring more frequently, and resum-
ing therapy at an appropriately adjusted dose
when the INR is at a therapeutic level. If only
minimally above therapeutic range or associated
with a transient causative factor, no dose reduc-
tion may be required (all Grade 1C).

2.4.2. For patients with INRs = 5.0 but < 9.0
and no significant bleeding, we recommend
omitting the next one or two doses, monitoring
more frequently, and resuming therapy at an
appropriately adjusted dose when the INR is at
a therapeutic level (Grade 1C). Alternatively, we
suggest omitting a dose and administering vita-

Table 5—Recommendations for Managing Elevated INRs or Bleeding in Patients Receiving VKAs (Section 2.4)*

Conditiont

Intervention

INR more than therapeutic
range but < 5.0; no
significant bleeding

INR = 5.0, but < 9.0; no
significant bleeding

Lower dose or omit dose; monitor more frequently and resume at lower dose when INR therapeutic; if only
minimally above therapeutic range, no dose reduction may be required (Grade 1C).

Omit next one or two doses, monitor more frequently, and resume at an appropriately adjusted dose
when INR in therapeutic range. Alternatively, omit dose and give vitamin K (1-2.5 mg po),

particularly if at increased risk of bleeding (Grade 1C). If more rapid reversal is required because
the patient requires urgent surgery, vitamin K (= 5 mg po) can be given with the expectation that a
reduction of the INR will occur in 24 h. If the INR is still high, additional vitamin K (1-2 mg po)

can be given (Grade 2C).
INR = 9.0; no significant
bleeding

Hold warfarin therapy and give higher dose of vitamin K (2.5-5 mg po) with the expectation that the INR
will be reduced substantially in 24-48 h (Grade 1B). Monitor more frequently and use additional vitamin

K if necessary. Resume therapy at an appropriately adjusted dose when INR is therapeutic.

Serious bleeding at any
elevation of INR
Life-threatening bleeding

Hold warfarin therapy and give vitamin K (10 mg by slow IV infusion), supplemented with FFP, PCC, or
VIIa, depending on the urgency of the situation; vitamin K can be repeated q12h (Grade 1C).
Hold warfarin therapy and give FFP, PCC, or rVIIa supplemented with vitamin K (10 mg by slow IV

infusion). Repeat, if necessary, depending on INR (Grade 1C).

Administration of vitamin K
subcutaneously (Grade 1A).

In patients with mild to moderately elevated INRs without major bleeding, give vitamin K orally rather than

*See Table 4 for other abbreviations.

1f continuing warfarin therapy is indicated after high doses of vitamin K, then heparin or low-molecular-weight heparin can be given until the
effects of vitamin K, have been reversed, and the patient becomes responsive to warfarin therapy. It should be noted that INR values > 4.5 are
less reliable than values in or near the therapeutic range. Thus, these guidelines represent an approximate guide for high INRs.
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min K (1 to 2.5 mg) orally, particularly if the
patient is at increased risk of bleeding (Grade
2A). If more rapid reversal is required be-
cause the patient requires urgent surgery, we
suggest vitamin K (=5 mg) orally with the
expectation that a reduction of the INR will
occur in 24 h. If the INR is still high, we
suggest additional vitamin K (1 to 2 mg) orally
(Grade 2C).

2.4.3. For patients with INRs = 9.0 and no signif-
icant bleeding, we recommend holding warfarin
therapy and administering a higher dose of vita-
min K (2.5 to 5 mg) orally, with the expectation
that the INR will be reduced substantially in 24 to
48 h (Grade 1B). Clinicians should monitor the
INR more frequently, administer additional vita-
min K if necessary, and resume therapy at an
appropriately adjusted dose when the INR
reaches the therapeutic range.

2.4.4. In patients with serious bleeding and ele-
vated INR, regardless of the magnitude of the
elevation, we recommend holding warfarin ther-
apy and giving vitamin K (10 mg) by slow IV
infusion supplemented with fresh frozen plasma,
PCC, or recombinant factor VIIa, depending on
the urgency of the situation. We recommend
repeating vitamin K administration every 12 h for
persistent INR elevation (all Grade 1C).

2.4.5. In patients with life-threatening bleeding
(eg, intracranial hemorrhage) and elevated INR,
regardless of the magnitude of the elevation, we
recommend holding warfarin therapy and admin-
istering fresh frozen plasma, PCC, or recombi-
nant factor VIIa supplemented with vitamin K (10
mg) by slow IV infusion, repeated, if necessary,
depending on the INR (Grade 1C).

2.4.6. In patients with mild to moderately ele-
vated INRs without major bleeding, we recom-
mend that when vitamin K is to be given, it be
administered orally rather than subcutaneously
(Grade 1A).

2.5 Management of Variable INRs

Although it has long been known that changes in
dietary vitamin K intake may influence the stability
of the INR in patients on warfarin, only recently have
trials been conducted to assess the impact that
vitamin K can have on therapeutic stability. In 1993,
Sorano et al?>* showed that by stabilizing the intake
of dietary vitamin K, more stable anticoagulation can
be achieved. By comparing the daily vitamin K
intake in 26 unstable patients with 26 stable control
patients, Sconce et al?>! showed that the unstable
patients had poorer intake of vitamin K. Kurnik et
al®>? showed that in vitamin K-depleted patients,
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very small amounts of vitamin K-containing vitamins
will influence the INR to a greater extent than in
those with an adequate vitamin K status. In a study
of 12 healthy volunteers on oral anticoagulation,
Schurgers et al,2>® found that a daily dose of vitamin
K of at least 150 pg was needed to alter the INR
response. Reese et al?>* used a retrospective analysis
to assess the effect of a daily dose of 100 wg of
vitamin K, in nine unstable patients. These patients
experienced an increase in percent INRs (range, 32
to 57%) in response to the daily vitamin K. In a
prospective, open-label, crossover study, Ford et
al®>> found that five of nine patients improved their
stability with low-dose administration of vitamin K.
As expected, the INR initially decreased in patients
given vitamin K, and an increased dose of warfarin
was needed to reestablish an INR in the therapeutic
range, which took 2 to 35 days to achieve. Thus,
patients must be monitored carefully if this interven-
tion is tried. Finally, Sconce et al?*¢ conducted the
first randomized, blinded trial in 70 unstable patients
over a 6-month period. Vitamin K supplementation
resulted in a significantly greater decrease in SD of
the INR than with placebo (—0.24 = 0.14 vs
—0.11 = 0.18; p < 0.001) and a significantly greater
increase in percentage of time within target INR range
(28% =+ 20% vs 15 = 20%; p < 0.01). In these last two
studies, variable INR was defined as requiring a mini-
mum of three warfarin dose changes or three INRs
outside of the therapeutic range in the preceding 6
months®> or an INR SD > 0.5 with at least three
warfarin dose changes during the previous 6 months.2>6
In determining whether a patient with a variable INR
response is suitable for supplemental vitamin K, one
must be certain to exclude the known multiple causes
of INR variability, and this requirement was also part of
the two definitions above.

Recommendation

2.5.1. For patients receiving long-term warfarin
therapy with a variable INR response not attrib-
utable to any of the usual known causes for
instability, we suggest a trial of daily low-dose oral
vitamin K (100 to 200 p.g), with close monitoring
of the INR and warfarin dose adjustment to
counter an initial lowering of the INR in response
to vitamin K (Grade 2B).

2.6 Management of Oral Anticoagulation During
Invasive Procedures

Clinicians often are required to decide how to
manage patients who are receiving long-term anticoag-
ulant therapy and require an invasive procedure.?>7-25
Because of the complexity of this decision, the “Peri-
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operative Management” chapter in this supplement is
devoted to this topic (in conjunction with managing
antiplatelet therapy during invasive procedures), assess-
ing the literature and arriving at consensus recommen-
dations.

2.7 Management of INRs in the Antiphospholipid
Syndrome

Patients who have a lupus anticoagulant or
anticardiolipin/B-2-glycoprotein 1 antibodies have an
increased risk of thrombosis. Evidence from older
observational studies?>260 suggested that clinical out-
comes are improved when the therapeutic range for
such patients treated with warfarin was closer to 2.5 to
3.5 rather than 2.0 to 3.0. One potential explanation for
the requirement of a higher INR is based on the
observation that lupus anticoagulants are able to pro-
long the INR.26! Although lupus anticoagulants typi-
cally cause prolongation of the activated partial throm-
boplastin time, they also may cause mild prolongation
of the INR or, in the presence of specific antibodies to
prothrombin, more marked prolongation of the INR.
The degree of prolongation of the INR induced by
lupus anticoagulants appears to depend on the reagent
used.262-26¢ One study?%? found that simultaneous INR
values from the same sample of blood from patients
who have a lupus anticoagulant and were receiving oral
anticoagulants differed from 0.4 to 6.5 between re-
agents. Two studies?62265 demonstrated that the stan-
dardization of INR values using either calibrated ref-
erence plasmas or locally assigned analyzer-specific ISI
values can significantly reduce this variability. These
latter techniques appear to enable oral anticoagulants
to be reliably monitored using the INR system for some
reagents but not all. Other techniques for monitoring
oral anticoagulant therapy for patients with lupus anti-
coagulants include the measurement of prothrombin
activity and native prothrombin concentration and the
prothrombin and proconvertin test.262266-269 The va-
lidity and reliability of these latter tests have not been
rigorously evaluated in controlled clinical trials for
patients with lupus anticoagulants.

In a randomized controlled trial of 114 patients with
antiphospholipid syndrome who had been treated with
warfarin, Crowther et al?™ assigned patients to an INR
of either 3.1 to 4.0 or 2.0 to 3.0. They found no
difference in recurrent thromboembolism between the
two groups (10.7% vs 3.4%; HR, 3.1; 95% CI, 0.6 to
15.0 high intensity vs conventional treatment), although
75% of all patients who had a recurrence were at
subtherapeutic levels (INR < 2.0) or not receiving
warfarin. The high-intensity group had significantly
more men and a trend toward more patients with
underlying lupus or arterial disease. There was no
difference in major bleeding. In a similar study, Finazzi
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et al?"! randomized 109 patients with antiphospho-
lipid syndrome to an INR of 3.0 to 4.5 vs conven-
tional treatment (INR range, 2.0 to 3.0) with
median follow-up of 3.6 years. Recurrent throm-
bosis occurred in 11.5% in the high-intensity group vs
5.5% in the conventional group (HR, 1.97%; 95% CI, 0.49
to 7.89). There was no significant difference in major
bleeding (27.8% vs 14.6%; HR, 2.18; 95% CI, 0.92 to
5.15). Other investigators have reported similar outcomes
in an 8-year follow-up study?” and in a retrospective
cohort study.>™

Recommendation

2.7.1. In patients who have a lupus inhibitor and
who have no additional risk factors and no lack
of response to therapy, we recommend a ther-
apeutic target INR of 2.5 (INR range, 2.0 to 3.0)
(Grade 1A). In patients who have recurrent
thromboembolic events with a therapeutic INR,
we suggest a target INR of 3.0 (INR range, 2.5
to 3.5) [Grade 2C].

3.0 ADVERSE EVENTS AND THEIR MANAGEMENT
3.1 Definition of Major and Minor Hemorrhage

Precise estimates of hemorrhagic event rates are
complicated by the inconsistency among classifica-
tion schemes in clinical research studies.’37 Fihn et
al’>™ proposed the following three categories of
bleeding: (1) minor (reported, but not requiring
additional testing, referrals, or visits); (2) major
(requiring treatment, medical evaluation, or at least
2 U blood); and (3) life threatening (leading to
cardiac arrest, surgical/angiographic intervention, or
irreversible sequelae). Most other investigators, how-
ever, divide adverse events into minor and major
categories, with major events including fatal or life-
threatening bleeds (eg, intracranial or retroperito-
neal) or bleeding with a defined drop in hemoglobin,
leading to transfusion of a specified number of units
of blood and/or hospitalization. The reader should be
aware of these differences when interpreting the
results from clinical studies. The reader is referred
to the “Hemorrhage Complications” chapter in
this supplement for an indepth discussion of hemor-
rhagic adverse events with anticoagulant therapy.

3.2 Factors Predictive of Adverse Events
3.2.1 Intensity of Treatment

The most important factor influencing the risk
of bleeding is the intensity of anticoagulant ther-
apy.136-145.274-277 The relationship between bleed-
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ing and the level of INR has been reported to rise
steeply as the INR increases > 5.0.138.139.274.276
The optimal target range for each indication and
the lowest effective range are discussed specifi-
cally in other articles in this supplement pertaining
to each indication.

322 TTR

The relationship between the intensity of treat-
ment and the risk of an adverse event has been
evaluated by examining the frequency of an event as
a function of the TTR.189-277.278 A strong relationship
between TTR and bleeding or thromboembolic rates
has been observed across a large number of stud-
ieS,13&171—17&189,274276—281 with different patient pop-
ulations, different target ranges, different scales for
measuring intensity of anticoagulation (ie, PT, PT
ratio, and INR), different methods of measuring
TTR, and different models of dose management. In
a large, retrospective analysis of patients with me-
chanical heart valves, Cannegieter et al'3s reported a
strong relationship between TTR and major bleeds
or thromboembolism for INRs above or below the
therapeutic range. A similar relationship has been
demonstrated for other groups of patients.'#127* The
percentage of INRs or TTR highly depends on the
quality of dose management as reflected in studies
that report TTR. Poor quality of dose management
results in a high rate of low INRs during the first 3
months of treatment following an acute DVT, which
in turn, predicts for a higher rate of subsequent
recurrence.'8%-252 The quality of dose management is
reflected by studies where dose management is
provided in a usual care (UC) setting, by an antico-
agulation management service (AMS), by PST or
patient self-management (PSM), or in the setting of
a randomized trial. Table 6172-175.255-308 summarizes
data from a range of studies reporting TTR, with
results grouped according to the model of dose
management. Historically, many studies have failed
to measure or report the quality of anticoagulation
management as reflected by TTR.3%° We believe that
this is a deficiency that can lead to the erroneous
interpretation of results, and we urge investigators to
measure and report TTR in their studies.

TTR can be determined by a variety of methods,
and, therefore, comparisons between studies may be
difficult.31° TTR is most commonly expressed by one
of three methods: (1) as the fraction of INR values
that are within therapeutic range (eg, the number of
INRs in range divided by the total number of INR
tests); (2) as the “cross-section of the files” method-
ology, which assesses the fraction of patients (ie,
INRs) in range at one point in time compared to the
total number of patients who had an INR at that
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point in time; or (3) the linear interpolation method
of Rosendaal et al,3!'! which assumes that a linear
relationship exists between two INR values and
allocates a specific INR value to each day between
tests for each patient. Each approach has its advan-
tages and disadvantages.?!? Furthermore, the results
of all of these methods depend on whether an exact
or an expanded therapeutic range is used,>'2 whether
warfarin-naive patients (those just beginning ther-
apy) are included or only patients already on estab-
lished therapy,3'3314 whether INRs obtained during
invasive procedures when warfarin therapy might be
interrupted are included, and whether different oral
anticoagulant preparations (eg, warfarin, phenproc-
oumon, or acenocoumarol) are included.314-316 Be-
cause clinical outcome studies comparing one meth-
odology over another and their correlation with
adverse events have not been done, no one method
can be recommended, and the reader should be
aware of these differences.

3.2.3 Patient Characteristics

Several patient characteristics are associated with
higher odds of bleeding during anticoagulation ther-
apy.134135.140.144275.277.317-324 The patient factor most
consistently predictive of major bleeding is a history of
bleeding (especially GI bleeding).!40:144277 Other fac-
tors associated with a higher risk of bleeding include a
history of stroke and the presence of a serious comor-
bid condition, such as renal insufficiency, anemia, or
hypertension, 134135.140.144277.317-524

The relationship between older age and anticoagulant-
associated bleeding has been controversial. Many older
reports!37,208.277.278.322-332 indjcate that older individu-
als do not have an increased risk for bleeding, whereas
other reports!39.140.179.275.276.315,333-535 have described
such an association. The discrepancy may be explained
partly by the wide range in the mean age of the patients
enrolled in the various studies, the relative lack of
representation in most studies of patients over 80 years
of age, and the selection and survivorship biases in
noninception cohort studies. When investigators at-
tempt to separate the effect of age from comorbid
conditions associated with age, some have concluded
that age in and of itself is not a major independent risk
factor,137:207.323.336 ywhereas others have found it to be
an independent risk factor,'36.139 even after controlling
for the intensity of the anticoagulant effect. Some
studies have suggested?!4337 that older patients who
have high-quality anticoagulation management, such as
that provided by an AMS, have the same risk of
bleeding as their younger counterparts. Last, the loca-
tion of major bleeding may be a factor, and reasonable
evidence!37139.338.339 suggests a real increase in intra-
cranial hemorrhage in elderly patients. A recent meta-
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analysis of six trials with more than 1,900 patients with
atrial fibrillation found a rate of major hemorrhage of
1.8 per 100 patient-years in those under 75 years of age,
rising to 3.2 per 100 patient-years in those 75 years of
age and older.3** Assessing more than 4,200 patients
from the Leiden Anticoagulation Clinic, Torn et al4!
found a similar increase with age, rising from 1.5 per
100 patient-years in those under 60 years of age to 4.2
per 100 patient-years in those over 80 years of age (HR,
2.7;95% CI, 1.7 to 4.4). Finally, Fang et al**® compared
the hemorrhagic rates of more than 13,500 patients
with atrial fibrillation who were receiving warfarin with
those who were not. In the cohort treated with warfarin
(15,300 patient-years), bleeding rates increased at a
rate of 1.2 (95% CI, 1.0 to 1.4) per older age group
compared to an increase of 1.5 (95% CI, 1.3 to 1.8) in
those not treated with warfarin. Similarly, they found a
significant increase in intracranial hemorrhage rate in
both groups of patients over 80 years of age (OR, 1.8;
95% CI, 1.1 to 3.1 for treated patients vs OR, 4.7; 95%
CI, 24 to 9.2 for those not treated). Thus, older
patients with atrial fibrillation, irrespective of whether
they are on anticoagulants, have an increased risk of
major hemorrhage. Whether this finding is true for
patients with other indications for anticoagulation is
unknown.

Based on these findings, individuals who are oth-
erwise good candidates for anticoagulation therapy
should not have it withheld because of their age.
However, elderly patients should be monitored care-
fully, and perhaps more frequently, in order to
maximize their TTR and to reduce the number of
adverse events.

3.3 Frequency of Hemorrhage

The rate of hemorrhagic events must be inter-
preted in the context of the characteristics of the
group studied. Factors that influence the rate of
bleeding include the following: the target INR range;
whether patients are mostly new to therapy or are
participating in established long-term therapy;
whether an INR or PT is used to manage therapy;
the indication for anticoagulation; the type of VKA
used; patient-specific risk factors, including concom-
itant antiplatelet therapy; and the quality of dose
management. It is also not appropriate to extrapolate
the rates of adverse events from randomized con-
trolled trials to everyday practice because high-risk
patients may be excluded from clinical trials, and
monitoring and management of anticoagulation of-
ten are more coordinated in clinical trials than in
clinical practice. The frequency of hemorrhage asso-
ciated with oral anticoagulant therapy is reviewed in
detail in the “Hemorrhagic Complications” chapter
in this supplement.
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3.4 Nonhemorrhagic Adverse Events

Other than hemorrhage, the most important side
effects of warfarin are acute thrombotic complications,
such as skin necrosis and limb gangrene. These uncom-
mon complications are usually observed on the third to
eighth day of therapy?#2343 and are caused by extensive
thrombosis of the venules and capillaries within the
subcutaneous fat (in the case of skin necrosis) and
massive outflow obstruction of the venous circulation of
the limb (in the case of limb gangrene). The pathogen-
esis of these complications and the reason for the
localization of the lesions are not well-understood. An
association between warfarin-induced skin necrosis and
protein C deficiency?#4-346 and, less commonly, protein
S deficiency**™ has been reported, but this complica-
tion also occurs in nondeficient individuals. A patho-
genic role for protein C deficiency is supported by the
similarity of the lesions to those seen in neonatal
purpura fulminans that complicate homozygous protein C
deficiency. A variant of this syndrome also attributed to a
severe, warfarin-induced depletion of protein C is the
occurrence of venous limb gangrene during warfarin
treatment of cancer-associated DVT34 and in some
patients with heparin-induced thrombocytopenia
started on warfarin after withdrawal of heparin.349.350
The management of patients with warfarin-induced
skin necrosis who require lifelong anticoagulant ther-
apy is problematic. Therapy with warfarin is consid-
ered to be contraindicated, and long-term heparin
therapy is inconvenient and associated with osteopo-
rosis. A reasonable approach in such patients is to
restart warfarin therapy at a low dose (eg, 2 mg),
under the coverage of therapeutic doses of heparin,
and to gradually increase the warfarin dose over 1 or
more weeks. This approach should avoid an abrupt
fall in protein C levels before there is a reduction in
the levels of factors II, IX, and X, and it has been
reported to not be associated with the recurrence of
skin necrosis in a number of case reports.345.346.350

3.5 Management of Adverse Events

For the management of major bleeding in patients
on VKA therapy, the reader is referred to the
discussion under the section, Management of Non-
therapeutic INRs With or Without Bleeding.

3.5.1 Alternative Treatment for the Patient Who
Bleeds During Warfarin Therapy

The short-term management of patients who
bleed with an excessively prolonged INR has been
discussed above. The long-term management of
patients who have unexplained or recurrent bleeding
but who require ongoing protection against systemic
embolism (eg, patients with mechanical heart valves
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or with atrial fibrillation and other risk factors) is
problematic. Clinicians can consider the following
two options: (1) attempt to identify and reverse the
cause of bleeding and (2) examine the possibility of
lowering the intensity of the anticoagulant effect.
Every effort should be made to treat the cause of
bleeding (eg, the use of aggressive antiulcer therapy)
if it is potentially reversible or to use an antiplatelet
agent for selected indications (see the “Antiplatelet
Drugs” chapter in this supplement).

The risk of bleeding is strongly related to the
intensity of the anticoagulant effect. Therefore, in
patients who continue to bleed, the INR should be
maintained at the lower limit of the therapeutic
range (ie, 2.0). Laboratory control of treatment
should be optimized by performing frequent INR
measurements and by ensuring that a moderately
responsive thromboplastin (ISI, < 1.7) is used.'?7
For patients with mechanical prosthetic valves (and a
persisting risk of increased bleeding), it would be
reasonable to aim for an INR of 2.0 to 2.5. Alterna-
tively, in selected patients, one may consider valve
replacement with a bioprosthetic valve. For patients
with atrial fibrillation (and a persisting risk of in-
creased bleeding), the anticoagulant intensity can be
reduced to an INR of 1.5 to 2.0 with the expectation
that efficacy will be reduced but not abolished.!4!
Alternatively, aspirin can be used to replace warfarin
in patients with atrial fibrillation but, again, with the
expectation of reduced efficacy. The decision to
lower the intensity of therapy to avoid bleeding
should be discussed with the patient to understand the
patient’s preference and values with regard to the risk
of thrombosis with lower-intensity therapy and the risk
of bleeding with standard therapeutic intensity.

3.5.2 Diagnostic Evaluation of Bleeding

When bleeding occurs, especially from the GI or
urinary tract, the presence of an underlying occult
lesion should be considered. A number of descriptive
studies®>1-353 have reported on the probability of
finding such a lesion. Coon and Willis®>! identified
occult lesions that were responsible for bleeding in
11% of 292 patients with hemorrhage. Jaffin et al?>2
found a 12% prevalence of positive stool occult blood
test results in 175 patients receiving warfarin or
heparin compared with 3% in 74 control subjects.
There was no difference between the mean PT or
activated partial thromboplastin time in patients with
positive and negative test results. In the 16 patients
with positive stool occult blood test results, 15 had a
lesion that had not been previously suspected, and 4
patients had neoplastic disease. Landefeld et al'36
found that 14 of 41 patients with GI bleeding had
important remediable lesions of which two were
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malignant. This limited information supports the
need to investigate patients with occult GI bleeding,
as it may herald the presence of an underlying
malignancy.

In a randomized controlled study, Culclasure et
al’>* found microscopic hematuria in 3.2% of pa-
tients (n = 243) receiving oral anticoagulation ther-
apy compared to 4.8% in the control group (n = 258)
not receiving anticoagulant therapy. There was no
difference in the rate of hematuria with therapeutic
or high INRs. Following a second episode of hema-
turia, 43 patients (patients receiving anticoagulation
therapy, n = 32; control patients, n = 11) were in-
vestigated. Of these patients, 27 receiving anticoag-
ulation therapy (84%) and 8 controls (73%) were
found to have significant underlying disease, with
three cancers found in the combined group (7%).
These findings are in contrast to the results of other
case series®>>357 that have reported a higher inci-
dence of underlying lesions in patients who develop
hematuria while receiving anticoagulant therapy.

4.0 MODELS OF ANTICOAGULATION
MANAGEMENT

The effectiveness and safety of VKAs critically
depend on maintaining the INR in the therapeutic
range. This objective is facilitated by aiming for an
INR that is in the middle of the INR range (ie, a goal
of 2.5 for a designated range of 2.0 to 3.0 and a goal
of 3.0 for a designated range of 2.5 to 3.5).3%%
Approaches to improve anticoagulant control include
the use of (1) AMS (ie, anticoagulation clinics) to
manage therapy, (2) POC INR testing that allows
PST and PSM of dose adjustments, and (3) computer
software programs to aid in dose adjustment.

4.1 Optimal Management of VKA Therapy

The results of many nonrandomized, retrospective
studies have reported better outcomes in patients
when anticoagulant therapy is managed by an AMS
or ACC than by their personal physicians (ie, UC).
Four such studies of UC have reported major hem-
orrhagic rates ranging from 2.8 to 8.1% per patient-
year of therapy.317:320.335.359 Rates of thromboembo-
lism were not reported except in two studies in
which the event rates were 6.2% and 8.1% per
patient-year (Table 7). Similarly, retrospective and
prospective cohort studies!35140.159.276.292.360 of care
provided by an AMS reported rates of major hem-
orrhage or thrombosis ranging from 1.4 to 3.3% and
0.7 to 6.3% per patient-year of therapy, respectively
(Table 7). Three retrospective comparative stud-
ies319-361.362 ysing a before-and-after design of pa-
tients managed by UC or an AMS reported signifi-
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cant improvements in outcomes of hemorrhage or
thrombosis with AMS-directed care (Table 7). In
contrast, however, two prospective, randomized con-
trolled trials?57-25% comparing UC with the care of an
AMS failed to show a significant difference in major
hemorrhage or thromboembolism (Table 7). The
study by Matchar et al?>s7 also failed to show a
significant improvement in TTR between the two
models of care, although the AMS performed mod-
estly better than UC. Wilson et al>s observed a
significant improvement in TTR in the AMS group
compared to the UC group (82% vs 76%, respec-
tively; p = 0.034). They also noted more high-risk
INRs in the UC group vs the AMS group (40% vs
30%; p = 0.005). This latter study had a major
limitation in that all patients were initially managed
in an AMS for 3 months until they were stable and
then were observed only for 3 months after random-
ization to either receive UC or to continue care by
the AMS. The other study?7 suffered from a high
turnover of patients, the possibility of selection bias
of those patients referred to the AMS, the open
nature of the study, and targeted ranges that were
sometimes outside of recommended guidelines.

Finally, in a systematic review of 67 studies rep-
resenting more than 50,000 patients managed by
anticoagulation clinics (68%), clinical trials (7%), or
community practices (24%), van Walraven et al36
found that the practice setting had the greatest effect
on anticoagulation control. TTR (days) varied from
56.7% in community practices to 66.4% for random-
ized trials. Compared to randomized trials the abso-
lute reduction of TTR for community practices was
—12.2% (95% CI —19.5% to —4.8%). The differ-
ence between community practices and anticoagula-
tion clinics was —8.3% (95% CI —4.4% to —12.1%).
Although the literature comparing UC and AMS is
not as robust as one would like, and there is great
heterogeneity between studies, the results are almost
always consistent, indicating that care provided by an
AMS results in better outcomes or more stable
therapy than UC.

Recommendation

4.1.1. For health-care providers who manage
oral anticoagulation therapy, we recommend
that they do so in a systematic and coordinated
fashion, incorporating patient education, sys-
tematic INR testing, tracking, follow-up, and
good patient communication of results and dos-
ing decisions as occurs in an AMS (Grade 1B).

4.2 POC INR Testing

Technological advances in POC PT measurement
offer the potential for both simplifying and improving
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oral anticoagulation management in the professional
setting as well as at home. POC monitors measure a
thromboplastin-mediated clotting time from a finger-
stick sample of capillary whole blood or from unanti-
coagulated venous whole blood.?** The result is then
converted to a plasma PT equivalent by a microproces-
sor and is expressed as a PT or an INR. Each manu-
facturer typically establishes the conversion formula by
simultaneously comparing fingerstick or venous whole
blood results with an established laboratory method
and reagent that is traceable to the international refer-
ence thromboplastin.

Numerous studies?%5-355 have reported on the accu-
racy and precision of these instruments, on the ability
of both adult and child patients to obtain an INR, and
on their general suitability for monitoring anticoagulant
therapy. However, limitations to their accuracy and
precision also have been documented. Problems identi-
fied with POC instruments include greater differences
compared to a standard plasma-based methodology as
INRs increase above the therapeutic range,3535* incor-
rect calibration of the ISI of the POC instruments,355
the inability to calculate a mean normal PT3% and
inaccuracies in INR determination in patients with an-
tiphospholipid antibodies with certain instruments.>7 A
major problem of comparative studies is that a similar
lack of correlation of INR results exists when anticoag-
ulated plasmas are simultaneously compared using dif-
ferent instrument/thromboplastin - combinations.!20-126
These differences may be clinically important in that
they may lead to different dosing decisions.!19-125
Kaatz et al3%% compared two POC monitors and four
clinical laboratories against a secondary reference
thromboplastin preparation. They found that labora-
tories using a more sensitive thromboplastin showed
close agreement with the standard, whereas labora-
tories using an insensitive thromboplastin showed
poor agreement. The two monitors fell between
these two extremes.

Steps are still needed to ensure the conformity of
POC PT monitors to the WHO INR PT standard-
ization scheme, but the WHO ISI calibration proce-
dure is not practicable using the monitors. Simpler
procedures for ISI calibration of POC monitors have
recently been tested in a number of multicenter sites
by the European Concerted Action on Anticoagula-
tion and the UK National External Quality Assess-
ment Schemes. By using lyophilized plasma cali-
brants with independently certified INRs, Poller et
al?89-391 have shown that verification or recalibration
of the ISI of the instrument is possible. However, to
obtain reliable ISI values for the two instruments
tested, they had to develop different ISI calibration
methods. It is likely, therefore, that different types of
POC monitor systems will require different ISI
calibration methods. In a study of proficiency testing
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of three POC monitors over 6 years in more than 10
centers, Kitchen et al**? found in each survey that
INR results in 10 to 11% of the centers were > 15%
different from results in other centers using the same
monitors. This finding is compared to a 12% differ-
ence for hospitals using conventional INR tech-
niques. Thus, as previously discussed, INR results
from different instrument and reagent combinations,
whether POC or conventional instruments, are not
always equivalent. Although regular proficiency test-
ing has been the standard for conventional laborato-
ries and techniques, such testing is difficult at best
and may not be possible with all POC instruments.
Where possible, we suggest that personnel using
POC office-based testing participate in proficiency
schemes available through professional or national
quality assurance organizations.

4.3 PST and PSM

PST or PSM using a POC instrument represents
another model of care with the potential for improved
outcomes as well as for greater convenience.?” PSM is
not a new concept,** but it only became practical with
the advent of POC instruments. Self-testing provides a
convenient opportunity for increased frequency of test-
ing when deemed necessary. The use of the same
instrument provides a degree of consistency in instru-
mentation, and self-testing provides the potential for
greater knowledge and awareness of therapy, possibly
leading to improved compliance. Several systematic
reviews or metaanalyses have been conducted in the
past few years using different criteria for review, each
showing improvements in either or both the quality of
anticoagulation control (TTR) or adverse events.?%>-397
In the most comprehensive metaanalysis, Heneghan et
al?7 pooled estimates from 14 randomized trials of PST
showing a significant reduction in thromboembolic
events (OR, 0.45; 95% CI, 0.30 to 0.68), all-cause
mortality (OR, 0.61; 95% CI, 0.38 to 0.98), and major
hemorrhage (OR, 0.65; 95% CI, 0.42 to 0.99) vs the
comparator. For PST and PSM combined, there were
significant reductions in thromboembolic events (OR,
0.27; 95% CI, 0.12 to 0.59) and death (OR, 0.37; 95%
CL 0.16 to 0.85) but not major hemorrhage (OR, 0.93;
95% CI, 0.42 to 2.05). Table 8 summarizes the most
pertinent prospective studies (randomized controlled
trials) in which 50 or more patients were studied and
clinical outcomes were reported as TTR, adverse
events, or both, 253-256.289.201.293.204.395-403 Both PST and
PSM studies are included. Because the potential ben-
efit of self-monitoring, either TTR or number of ad-
verse events depends greatly on the quality of manage-
ment of the comparator group, it is essential to
characterize the control group, as in Table 8, according
to whether the comparator arm is a UC model of
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management or an AMS. It should be noted that the
difference between groups for TTR is considerably less
marked when compared to an AMS as compared to
UC, as one might expect given the previous discussion
of the quality of anticoagulation control demonstrated
in a UC model of management.

None of these PST studies were adequately designed
to clearly answer the important questions of what might
account for better therapeutic control. The major
variables not adequately controlled for include the level
of patient education, compliance, the frequency of
monitoring, and the consistency of reagent and instru-
mentation use. Further studies are needed to define
the importance of these variables; such studies are
ongoing.*** PST and PSM also require special patient
training to implement, #5406 and this mode of therapy
may not be suitable for all patients. It is impractical to
apply uniform proficiency testing to PST, but health-
care providers should assess patient and equipment
performance periodically (eg, once or twice per year)
using duplicate testing on both the patient’s instrument
and an office-based instrument. As a consequence of
potentially improving outcomes and avoiding adverse
events, some investigators**™-4% have also shown a
significant cost savings for PSM as well as an improve-
ment in quality of life 40

Recommondation

4.3.1. PSM is a choice made by patients and
health-care providers that depends on many fac-
tors. In patients who are suitably selected and
trained, PST or PSM is an effective alternative
treatment model. We suggest that such therapeu-
tic management be implemented where suitable
(Grade 2B).

4.4 Data Management and Computerized Dosing

An obstacle to the safety and effectiveness of
warfarin therapy is the poor quality of dose manage-
ment as currently practiced.#!%4!! Data from clinical
trials and observational studies on the success of
achieving TTR have indicated a wide range of suc-
cess (Table 6), from a low of 33% for a UC model to
90% for PSM. Computer assistance through dedi-
cated programs may improve dose management and
TTR. Although programs differ, they typically calcu-
late whether a dose adjustment is necessary from a
user-defined table of trend rules for each therapeutic
range. If it recommends dose adjustment, the current
INR is compared to the target INR, and the difference
in INR is used in a proprietary equation to calculate the
new dose. The time to the next test also is set by the
program using a set of variables comparing the current
INR, the interval from the last test, the number of
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previous changes, and the number of previous INR
values within the target range.

A number of early studies*!2-414 evaluated computer
programs to improve warfarin dosing. The first ran-
domized study in 1993415 showed that three contem-
porary computer programs all performed as well as an
experienced medical staff of an AMS in achieving a
target INR of 2.0 to 3.0, but the computer achieved
significantly better control when more intensive ther-
apy was required (ie, INR range, 3.0 to 4.5). In another
randomized study*!6 of 101 patients who had received
long-term anticoagulation therapy in the setting of
prosthetic cardiac valves, computerized warfarin ad-
justments proved comparable to manual regulation in
the percentage of INR values maintained within the
therapeutic range but required 50% fewer dose adjust-
ments. The first multicenter randomized trial of one
computerized dosage program in 199847 showed a
22% overall improvement of control with the program
compared to the performance by the medical staff. The
computer program gave significantly better INR con-
trol than experienced medical staff for all 285 patients
and all target INR ranges. A slight improvement in
TTR also was obtained by Italian investigators*!'s using
a different management program in more than 1,200
randomized patients from five centers. A total of 71.2%
of patients were in range with computer dosing, and
68.2% were in range by manual dosing in the mainte-
nance phase; 51.9% vs 48.1%, respectively, were in
range in the first 3 months of the induction period.*!%
In both of these studies, the computer did not share the
natural overcaution of medical staff in dosing patients
at a higher INR range.

Computerized dose management also has been
shown to be at least as effective as physician dosing
for the initiation of anticoagulation therapy as well as
for the long-term management of therapy.#18419
Computerized dosing programs have limitations in
that requirements for information on previous dose
levels vary with the individual programs, and some
programs are unable to manage dosing during the
induction phase.

Improved safety and efficacy from the use of com-
puter programs over conventional medical staff (man-
ual) dosing has, however, not yet been established.
Such a study is currently in progress by the European
Concerted Action on Anticoagulation, randomizing pa-
tients between computer dose management vs manual
control using two software programs (DAWN AC, 4S
Information Sys, Cumbria, United Kingdom, and
PARMA, Instrumentation Laboratories, Milan, Italy).
Nor can it be assumed that all computer programs will
be equally successful. New programs will require inde-
pendent validation by large randomized controlled
studies to determine the extent of their ability to
accurately predict dosage control.

www.chestjournal.org

Computerized dose management (with specific
software programs) is another option that has been
shown to be at least equivalent to physician-managed
dosing when large populations of patients are being
managed. Similar to PSM, we think that computer-
ized dose management is a physician preference
based on a number of factors, such as panel size and
ancillary help, and we have no recommendation.

ACKNOWLEDGMENT: We wish to acknowledge the impor-
tant assistance of Ann Wittkowsky, Pharm D, in developing these
guidelines.

CONFLICT OF INTEREST DISCLOSURES

Dr. Ansell discloses that he has received consultant fees from
Bristol-Myers Squibb, Roche Diagnostics, and International
Technidyne Corporation. He is also on the speakers bureau for
Roche Diagnostic Corporation and Sanofi-Aventis, and is the past
president of the Anticoagulation Forum.

Dr. Hirsh discloses that he has received partial support for
writing two books, one on fondaparinux and one on low-molec-
ular-weight heparin.

Dr. Jacobson discloses that he has received grant monies from
the National Institutes of Health, the Department of Veterans
Affairs, Sanofi, Boehringer Ingelheim, and Roche Diagnostics.
He is on the speakers bureau for Bristol-Myers Squibb and
GlaxoSmithKline. Dr. Jacobson has served on advisory commit-
tees for Roche Diagnostics and Sanofi. He has served in fiduciary
positions for the Loma Linda Veterans Association for Research
and Education, the Loma Linda University School of Medicine
Alumni Association, and the Anticoagulation Forum.

Dr. Hylek discloses that she has received grant monies from
AstraZeneca and Bristol-Myers Squibb, and that she has also
served on an advisory committee for Bristol-Myers Squibb.

Dr. Crowther discloses that he received grant monies from
the Heart and Stroke Foundation, the Canadian Institutes for
Health Research, Leo Laboratories, Pfizer, and Sanofi-Aventis.
He also received consultant fees from Leo Laboratories, Sanofi-
Aventis, Bayer, and Pfizer. Dr. Crowther has served on the
speakers bureau for Leo Laboratories, Pfizer, Bayer, and Or-
ganon, and is on an advisory committee for Bayer.

Dr. Palareti discloses that he serves on the speakers bureau of
Sanofi-Aventis, GlaxoSmithKline, Instrumentation Laboratory of
Roche Diagnostics, and Dade-Behring. He is a member of the
Executive Committee of the Italian Federation of Anticoagula-
tion Clinics and the Italian Society of Hematology and Throm-
bosis (ISTH), and is Co-chair of the Subcommittee on Control of
Anticoagulation of the ISTH.

REFERENCES

Whitlon DS, Sadowski JA, Suttie JW. Mechanisms of cou-

marin action: significance of vitamin K epoxide reductase

inhibition. Biochemistry 1978; 17:1371-1377

2 Fasco MJ, Hildebrandt EF, Suttie JW. Evidence that war-
farin anticoagulant action involves two distinct reductase
activities. | Biol Chem 1982; 257:11210-11212

3 Choonara IA, Malia RG, Haynes BP, et al. The relationship
between inhibition of vitamin K 1,2,3-epoxide reductase and
reduction of clotting factor activity with warfarin. Br ] Clin
Pharmacol 1988; 25:1-7

4 Trivedi LS, Rhee M, Galivan JH, et al. Normal and warfarin-

—

CHEST /133 /6 / JUNE, 2008 SUPPLEMENT ~ 187S

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

=1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

resistant rat hepatocyte metabolism of vitamin K 2,3 epox-
ide: evidence for multiple pathways of hydroxyvitamin K
formation. Arch Biochem Biophys 1988; 264:67-73

Stenflo J, Fernlund P, Egan W, et al. Vitamin K dependent
modifications of glutamic acid residues in prothrombin. Proc
Natl Acad Sci U S A 1974; 71:2730-2733

Nelsestuen GL, Zytkovicz TH, Howard JB. The mode of action
of vitamin K: identification of gamma-carboxyglutamic acid as a
component of prothrombin. | Biol Chem 1974; 249:6347-6350
Stafford DW. The vitamin K cycle. | Thromb Haemost 2005;
3:1873-1878

Friedman PA, Rosenberg RD, Hauschka PV, et al. A
spectrum of partially carboxylated prothrombins in the
plasmas of coumarin treated patients. Biochim Biophys Acta
1977, 494:271-276

Malhotra OP, Nesheim ME, Mann KG. The kinetics of
activation of normal and gamma carboxy-glutamic acid
deficient prothrombins. | Biol Chem 1985; 260:279-287
Nelsestuen GL. Role of gamma-carboxyglutamic acid: an
unusual transition required for calcium-dependent binding
of prothrombin to phospholipid. J Biol Chem 1976; 251:
5648 -5656

Prendergast FG, Mann KG. Differentiation of metal ion-
induced transitions of prothrombin fragment 1. | Biol Chem
1977; 252:840—-850

Borowski M, Furie BC, Bauminger S, et al. Prothrombin
requires two sequential metal-dependent conformational
transitions to bind phospholipid. J Biol Chem 1986; 261:
14969-14975

Becker RC. The importance of factor Xa regulatory path-
ways in vascular thromboresistance: focus on protein Z.
J Thromb Thrombolysis 2005; 19:135-137

Hauschka PV, Lian JB, Cole DEC, et al. Osteocalcin and
matrix Gla protein: vitamin K dependent proteins in bone.
Phys Rev 1989; 69:990-1047

Price PA. Role of vitamin K-dependent proteins in bone
metabolism. Annu Rev Nutr 1988; 8:565-583

Maillard C, Berruyer M, Serre CM, et al. Protein S, a
vitamin K-dependent protein, is a bone matrix component
synthesized and secreted by osteoblasts. Endocrinology
1997: 130:1599-1604

Pan LC, Williamson MK, Price PA. Sequence of the pre-
cursor to rat bone Y-carboxyglutamic acid protein that
accumulated in warfarin-treated osteosarcoma cells. ] Biol
Chem 1985; 260:13398-13401

Pettifor JM, Benson R. Congenital malformations associated
with the administration of oral anticoagulants during preg-
nancy. | Pediatr 1975; 86:459—462

Hall JG, Pauli RM, Wilson KM. Maternal and fetal sequelae
of anticoagulation during pregnancy. Am ] Med 1980;
68:122-140

Barnes C, Newall F, Ignjatovic V, et al. Reduced bone
density in children on long-tern warfarin. Pediatr Res 2005;
57:578-581

Breckenridge AM. Oral anticoagulant drugs: pharmacoki-
netic aspects. Semin Hematol 1978; 15:19-26

O’Reilly RA. Vitamin K and other oral anticoagulant drugs.
Annu Rev Med 1976; 27:245-261

Kelly JG, O’Malley K. Clinical pharmacokinetics of oral
anticoagulants. Clin Pharmacokinet 1979; 4:1-15

O'Reilly RA. Warfarin metabolism and drug-drug interac-
tions. In: Wessler S, Becker CG, Nemerson Y, eds. The new
dimensions of warfarin prophylaxis: advances in experimen-
tal medicine and biology. New York, NY: Plenum, 1986;
205-212

Miners JO, Birkett DJ. Cytochrome P4502C9: an enzyme of

188S

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

major importance in human drug metabolism. Br | Clin
Pharmacol 1998; 45:525-538

Godbillon [, Richard J, Gerardin A, et al. Pharmacokinetics
of the enantiomers of acenocoumarol in man. Br | Clin
Pharmacol 1981; 12:621-629

Huastein  KO. Pharmacokinetic and pharmacodynamic
properties of oral anticoagulants, especially phenprocou-
mon. Semin Thromb Hemost 1999; 25:5-11

Caravati EM, Erdman AR, Scharman EJ, et al. Long-acting
anticoagulant rodenticide poisoning: an evidence-based con-
sensus guideline for out-of-hospital management. Clin Toxi-
col 2007; 45:1-22

Hollinger BR, Pastoor TP. Case management and plasma
half-life in a case of brodifacoum poisoning. Arch Intern
Med 1993; 153:1925-1928

Zupancic-Salek S, Kovacevic-Metelko J, Radman 1. Success-
ful reversal of anticoagulant effect of superwarfarin poison-
ing with recombinant activated factor VII. Blood Coagul
Fibrinolysis 2005; 16:239-244

Takahashi H, Echizen H. Pharmacogenetics of warfarin
elimination and its clinical implications. Clin Pharmacokinet
2001; 40:587-603

Wittkowsky AK. Pharmacology of warfarin and related anti-
coagulants. In: Ansell ], Oertel L, Wittkowsky A, eds.
Managing oral anticoagulation therapy: clinical and opera-
tional guidelines (vol 1). St. Louis, MO: Facts and Compar-
isons, 2003; 29:1-29:15

Mannucci PM. Genetic control of anticoagulation. Lancet
1999; 353:688—-689

Veenstra DL, Blough DK, Higashi MK, et al. CYP2C9
haplotype structure in European American warfarin patients
and association with clinical outcomes. Clin Pharmacol Ther
2005; 77:353-364

Herman D, Peternel P, Stegnar M, et al. The influence of
sequence variations in factor VII, gamma-glutamyl carboxylase
and vitamin K epoxide reductase complex genes on warfarin
dose requirement. Thromb Haemost 2006; 95:782-787
Loebstein R, Yonath H, Peleg D, et al. Individual variability
in sensitivity to warfarin: nature or nurture. Clin Pharmacol
Ther 2001; 70:150-164

Aithal GP, Day CP, Kesteven PJ, et al. Association of
polymorphisms in the cytochrome P450 CYP2C9 with war-
farin dose requirement and risk of bleeding complications.
Lancet 1999; 353:717-719

Higashi M, Veenstra DL, Wittkowsky AK, et al. Influence of
CYP2C9 genetic variants on the risk of over anticoagulation
and of bleeding events during warfarin therapy. JAMA 2002;
287:1690-1698

Chern HD, Ueng TH, Fu YP, et al. CYP2C9 polymorphism
and warfarin sensitivity in Taiwan Chinese. Clin Chim Acta
2006; 367:108-113

Herman D, Peternel P, Stegnar M, et al. A novel sequence
variant in exon 7 of CYP2C9 gene (CYP2C9*24) in a patient
on warfarin therapy. Thromb Haemost 2006; 95:192—-194
Visser LE, van Schaik RHN, van Vliet M, et al. The risk of
bleeding complications in patients with cytochrome P450
CYP2C9*2 or CYP2C9*3 alleles on acenocoumarol or phen-
procoumon. Thromb Haemost 2004; 92:61-66

Takahashi H, Wilkinson GR, Parini R, et al. CYP2C9 and
oral anticoagulation therapy with acenocoumarol and warfa-
rin: similarities yet differences. Clin Pharmacol Ther 2004;
75:376-380

Zimmerman A, Matschiner T]. Biochemical basis of hered-
itary resistance to warfarin in the rat. Biochem Pharmacol
1974; 23:1033-1040

Rost S, Fregin A, Ivaskevicius V, et al. Mutations in
VKORCI cause warfarin resistance and multiple coagulation

Antithrombotic and Thrombolytic Therapy 8th Ed: ACCP Guidelines

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

45

46

47

48

49

50

51

52

53

54

55

56

Ut
=1

58

59

60

61

62

63

64

65

66

factor deficiency type 2. Nature 2004; 427:537-541

Li T, Chang CY, Jin DY, et al. Identification of the gene for
vitamin K epoxide reductase. Nature 2004; 427:541-544
D’Andrea G, D’Ambrosio RL, Di Perna P, et al. A polymor-
phism in the VKORCI gene is associated with an inter-
individual variability in the dose-anticoagulant effect of
warfarin. Blood 2005; 105:645—649

Rieder MJ, Reiner AP, Gage BF, et al. Effect of VKORC1
haplotypes on transcriptional regulation and warfarin dose.
N Engl | Med 2005; 352:2285-2293

Geisen C, Watzka M, Sittinger K, et al. VKORC1 haplotypes
and their impact on the inter-individual and inter-ethnical
variability of oral anticoagulation. Thromb Haemost 2005;
94:773-779

Sconce EA, Khan TI, Wynne HA, et al. The impact of
CYP2C9 and VKORCI genetic polymorphism and patient
characteristics upon warfarin dose requirements: proposal
for a new dosing regimen. Blood 2005; 106:2329-2333
Harrington DJ, Underwood S, Morse C, et al. Pharmacody-
namic resistance to warfarin associated with Val66Met sub-
stitution in vitamin K epoxide reductase complex subunit 1.
Thromb Haemost 2005; 93:23-26

Marsh S, King CR, Porche-Sorbet RM, et al. Population
variation in VKORC1 haplotype structure. | Thromb Hae-
most 2006; 4:473-474

Oldenburg J, Quenzel E-M, Harbrecht V, et al. Missence
mutations at ALA-10 in the factor IX propeptide: an insig-
nificant variant in normal life but a decisive cause of
bleeding during oral anticoagulant therapy. Br | Haematol
1997; 98:240-244

Scialla S, Rubin R, Liptock KM. Therapeutic management
of a patient with a unique factor IX sensitivity to warfarin.
Clin Adv Hematol Oncol 2005; 4:1-3

Holbrook AM, Pereira JA, Labiris R, et al. Systematic
overview of warfarin and its drug and food interactions. Arch
Intern Med 2005; 165:1095-1106

Orme M, Breckenridge A. Enantiomers of warfarin and
phenobarbital. N Engl | Med 1976; 295:1482-1483
Breckenridge A, Orme M, Wesseling H, et al. Pharmacoki-
netics and pharmacodynamics of the enantiomers of warfa-
rin in man. Clin Pharmacol Ther 1974; 15:424-430
O’Reilly RA. Studies on the optical enantiomorphs of war-
farin in man. Clin Pharmacol Ther 1974; 16:348-354
O'Reilly RA, Trager WF. Stereoselective interaction of
phenylbutazone with 13C/12C labelled racemates of warfa-
rin in man [abstract]. Fed Proc 1978; 37:545

Toon S, Low LK, Gibaldi M, et al. The warfarin-sulfinpyrazone
interaction: stereochemical considerations. Clin Pharmacol
Ther 1986; 39:15-24

O’Reilly RA. The stereoselective interaction of warfarin and
metronidazole in man. N Engl | Med 1976; 295:354-357
O'Reilly RA. Stereoselective interaction of trimethoprim-
sulfamethoxazole with the separated enantiomorphs of ra-
cemic warfarin in man. N Engl | Med 1980; 302:33-35
Lewis R]J, Trager WF, Chan KK, et al. Warfarin: stereo-
chemical aspects of its metabolism and the interaction with
phenylbutazone. | Clin Invest 1974; 53:1607-1617
O'Reilly RA, Trager WF, Rettie AE, et al. Interaction of
amiodarone with racemic warfarin and its separated enanti-
morphs in humans. Clin Pharmacol Ther 1987; 42:290-294
O'Reilly RA. Lack of effect of fortified wine ingested during
fasting and anticoagulant therapy. Arch Intern Med 1981,
141:458-459

Cropp JS, Bussey HI. A review of enzyme induction of
warfarin metabolism with recommendations for patient
management. Pharmacotherapy 1997; 17:917-928
Bechtold H, Andrassy K, Jahnchen E, et al. Evidence for

www.chestjournal.org

67

68

69

70

71

72

73

74

79

80

81

82

83

84

85

86

impaired hepatic vitamin K1 metabolism in patients treated
with N-methyl-thiotetrazole cephalosporins. Thromb Hae-
most 1984; 51:358-361

Weitkamp M, Aber R. Prolonged bleeding times and bleed-
ing diathesis associated with moxalactam administration.
JAMA 1983; 249:69-71

Owens JC, Neely WB, Owen WR. Effect of sodium dextro-
thyroxine in patients receiving anticoagulants. N Engl | Med
1962; 266:76-79

O'Reilly RA, Sahud MA, Robinson AJ. Studies on the
interaction of warfarin and clofibrate in man. Thromb Diath
Haemorrh 1972; 27:309-318

Rothschild BM. Commentary: hematological perturbations
associated with salicylate. Clin Pharmacol Ther 1979; 26:
145-152

Hylek EM, Heiman H, Skates SJ, et al. Acetaminophen and
other risk factors for excessive warfarin anticoagulation.
JAMA 1998; 279:657—662

Bell WR. Acetaminophen and warfarin: undesirable synergy.
JAMA 1998; 279:702-703

Mahe I, Bertrand N, Drouet L, et al. Interaction between
paracetamol and warfarin in patients: a double-blind, placebo-
controlled, randomized study. Haematologica 2006; 91:1621—
1627

Thijssen HH, Soute BA, Vervoort LM, et al. Paracetamol
(acetaminophen) warfarin interaction: nAPQI, the toxic
metabolite of paracetamol, is an inhibitor of enzymes in the
vitamin K cycle. Thromb Haemost 2004; 92:797-802
Hylek EM. Paracetamol (acetaminophen) and warfarin in-
teraction: unraveling the pivotal role of the vitamin K cycle.
Thromb Haemost 2004; 92:672—673

Weibert RT, Lorentz SM, Townsend R], et al. Effect of
erythromycin in patients receiving long-term warfarin ther-
apy. Clin Pharm 1989; 8:210-224

Lorentz SM, Weibert RT. Potentiation of warfarin antico-
agulation by topical testosterone treatment. Clin Pharm
1985; 4:332-334

Udall JA. Human sources and absorption of vitamin K in
relation to anticoagulation. JAMA 1965; 194:127-129

Dale |, Myhre E, Loew D. Bleeding during acetysalicylic
acid and anticoagulant therapy in patients with reduced
platelet reactivity after aortic valve replacement. Am Heart |
1980; 99:746-751

Schulman S, Henriksson K. Interaction of ibuprofen and
warfarin on primary haemostasis. Br | Rheumatol 1989;
38:46-49

Battistella M, Mamdami MM, Juurlink DN, et al. Risk of
upper gastrointestinal hemorrhage in warfarin users treated
with nonselective NSAIDs or COX-2 inhibitors. Arch Intern
Med 2005; 165:189-192

Cazenave |-P, Packham MA, Guccione MA, et al. Effects of
penicillin G on platelet aggregation, release and adherence
to collagen. Proc Soc Exp Biol Med 1973; 142:159-166
Brown CH, Natelson EA, Bradshaw MW, et al. The hemo-
static defect produced by carbenicillin. N Engl | Med 1974;
291:265-270

Roth CJ, Majerus PW. The mechanism of the effect of
aspirin on human platelets: I. Acetylation of a particulate
fraction protein. | Clin Invest 1975; 56:624—632

Andreotti F, Testa L, Biondi-Zoccai GGL, et al. Aspirin plus
warfarin compared to aspirin alone after acute coronary
syndromes: an updated and comprehensive meta-analysis of
25,307 patients. Eur Heart | 2006; 27:519-526

Chesebro JH, Fuster V, Elveback LR, et al. Trial of
combined warfarin plus dipyridamole or aspirin therapy in
prosthetic heart valve replacement: danger of aspirin com-
pared with dipyridamole. Am J Cardiol 1983; 51:1537-1541

CHEST /133 /6 / JUNE, 2008 SUPPLEMENT 189S

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

Turpie AGG, Gent M, Laupacis A, et al. Aspirin and
warfarin after heart-valve replacement: a comparison of
aspirin with placebo in patients treated with warfarin after
heart-valve replacement. N Engl | Med 1993; 329:524 -529
Medical Research Council’s General Practice Research
Framework. Thrombosis prevention trial: randomised trial
of low-intensity oral anticoagulation with warfarin and low-
dose aspirin in the primary prevention of ischaemic heart
disease in men at increased risk. Lancet 1998; 351:233-241
Wittkowsky AK, Bussey HI, Walker MB, et al. Dietary
supplement use among anticoagulation clinic patients.
] Thromb Haemost 2007; 5:875-877

Wittkowsky AK. Drug interactions updates: drugs, herbs and
oral anticoagulation. | Thromb Thrombolysis 2001; 12:67-71
Greenblatt D], von Moltke LL. Interaction of warfarin with
drugs, natural substances and foods. | Clin Pharmacol 2005;
45:127-132

Samuels N. Herbal remedies and anticoagulant therapy.
Thromb Haemost 2005; 93:3-7

1zzo AA, DiCarlo G, Borrelli F, et al. Cardiovascular
pharmacotherapy and herbal medicines: the risk of drug
interaction. Int | Cardiol 2005; 98:1-14

Jiang X, Williams KM, Liauw WS, et al. Effect of ginkgo and
ginger on the pharmacokinetics and pharmacodynamics of
warfarin in healthy subjects. Br ] Clin Pharmacol 2005;
59:425-432

Engelsen |, Nielsen JD, Winther K. Effect of coenzyme Q10
and ginkgo biloba on warfarin dosage in stable, long-term
warfarin treated outpatients: a randomized, double blind, pla-
cebo-crossover trial. Thromb Haemost 2002; 87:1076-1077
Yuan CS, Wei G, Dey L, et al. Brief Communication:
American ginseng reduces warfarin’s effect in healthy pa-
tients. Ann Intern Med 2004; 141:23-27

O'Reilly R, Rytand D. Resistance to warfarin due to unrec-
ognized vitamin K supplementation. N Engl | Med 1980;
303:160-161

Suttie JW, Muhah-Schendel LL, Shah DV, et al. Vitamin K
deficiency from dietary vitamin K restriction in humans.
Am | Clin Nutr 1988; 47:475-480

Sadowski JA, Booth SL, Mann KG, et al. Structure and
mechanism of activation of vitamin K antagonists. In: Poller
L, Hirsh [, eds. Oral anticoagulants. London, UK: Arnold,
1996; 9-29

Bovill EG, Lawson ], Sadowski ], et al. Mechanisms of
vitamin K metabolism and vitamin K-dependent hemostasis:
implications for warfarin therapy. In: Ezekowitz MD, ed.
The heart as a source of systemic embolisation. New York,
NY: Marcel Dekker, 1992

Booth SL, Charnley JM, Saddowski JA, et al. Dietary vitamin
K1 and stability of oral anticoagulation: proposal of a diet
with a constant vitamin K1 content. Thromb Haemost 1997;
77:504-509

Richards RK. Influence of fever upon the action of 3,3meth-
ylene bis-(4-hydroxoycoumarin). Science 1943; 97:313-316
Wessler S, Gitel SN. Warfarin: from bedside to bench.
N Engl | Med 1984; 311:645-652

Zivelin A, Rao VM, Rapaport SI. Mechanism of the antico-
agulant effect of warfarin as evaluated in rabbits by selective
depression of individual procoagulant vitamin-K dependent
clotting factors. ] Clin Invest 1993; 92:2131-2140

Patel P, Weitz |, Brooker LA, et al. Decreased thrombin
activity of fibrin clots prepared in cord plasma compared to
adult plasma. Pediatr Res 1996; 39:826-830

Weitz JI, Hudoba M, Massel D, et al. Clot-bound thrombin is
protected from inhibition by heparin-antithrombin IIT but is
susceptible to inactivation by antithrombin III-independent
inhibitors. | Clin Invest 1990; 86:385-391

190S

107

108

109

110

111

112

113

114

115

116

—
—
-]

118

119

120

121

122

123

124

125

126

127

Furie B, Diuguid CF, Jacobs M, et al. Randomized prospec-
tive trial comparing the native prothrombin antigen with the
prothrombin time for monitoring anticoagulant therapy.
Blood 1990; 75:344-349

Quick AJ. The prothrombin time in haemophilia and in
obstructive jaundice. | Biol Chem 1935; 109:73-74

Poller L. Progress in standarisation in anticoagulant control.
Hematol Rev 1987; 1:225-241

Kirkwood TBL. Calibration of reference thromboplastins
and standardisation of the prothrombin time ratio. Thromb
Haemost 1983; 49:238-244

Hirsh [, Dalen JE, Anderson DR, et al. Oral anticoagulants:
mechanism of action, clinical effectiveness, and optimal
therapeutic range. Chest 2001; 119(suppl):85-21S

World Health Organization Expert Committee on Biological
Standardization. 33rd report: technical report series No.
687. Geneva, Switzerland: World Health Organization, 1983
Johnston M, Harrison L, Moffat K, et al. Reliability of the
international normalized ratio for monitoring the induction
phase of warfarin: comparison with the prothrombin time
ratio. | Lab Clin Med 1996; 128:214-217

Kovacs MJ, Wong A, MacKinnon K, et al. Assessment of the
validity of the INR system for patients with liver impair-
ment. Thromb Haemost 1994; 71:727-730

Denson KWE, Reed SV, Haddon ME. Validity of the INR
system for patients with liver impairment. Thromb Haemost
1995; 73:162—-166

Robert A, Chazouilleres O. Prothrombin time in liver
failure: time, ratio, activity percentage, or international
normalized ratio? Hepatology 1996; 24:1392-1394

7 Malinchoc M, Kamath PS. Normalizing the prothrombin

time. Hepatology 2000; 32:881

Lind SE, Pearce LA, Feinberg WM, et al. Clinically signif-
icant differences in the international normalized ratio mea-
sured with reagents of different sensitivities. Blood Coagul
Fibrinolysis 1999; 10:215-227

Poggio M, van den Besselaar AMHP, van der Velde EA, et
al. The effect of some instruments for prothrombin time
testing on the international sensitivity index (ISI) of two
rabbit tissue thromboplastin reagents. Thromb Haemost
1989; 62:868—-874

D’Angelo A, Seveso MP, D’Angelo SV, et al. Comparison of
two automated coagulometers and the manual tilt tube
method for determination of prothrombin time. Am ] Clin
Pathol 1989; 92:321-328

Poller L, Thomson JM, Taberner DA. Effect of automation
on the prothrombin time test in NEQAS surveys. | Clin
Pathol 1989; 42:97-100

Ray M], Smith IR. The dependence of the international
sensitivity index on the coagulometer used to perform the
prothrombin time. Thromb Haemost 1990; 63:424 —429
van Rijn JLML, Schmidt NA, Rutten WP. Correction of
instrument and reagent based differences in determination
of the international normalized ratio (INR) for monitoring
anticoagulant therapy. Clin Chem 1989; 355:840—843
Thomson JM, Taberner DA, Poller L. Automation and
prothrombin time: a United Kingdom field study of two
widely used coagulometers. | Clin Pathol 1990; 43:679—684
Kinck KM, Doetkott C, Miller DR. Clinical impact of
inter-laboratory variation in international normalized ra-
tio determinations. Am | Health Syst Pharm 2001; 58:
684 -688

Jacobson AK, Ruybalid RL, Johnston M, et al. Significant
variation in the reporting of prothrombin time results
despite utilization of the INR method of reporting [ab-
stract]. Circulation 1999; 100:1620

Fairweather RB, Ansell ], van den Besselaar AM, et al.

Antithrombotic and Thrombolytic Therapy 8th Ed: ACCP Guidelines

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

College of American Pathologists Conference XXXI on
laboratory monitoring of anticoagulant therapy: laboratory
monitoring of oral anticoagulant therapy. Arch Pathol Lab
Med 1998; 122:768-781

Ng VL, Levin |, Corash L, et al. Failure of the international
normalized ratio to generate consistent results within a local
medical community. Am ] Clin Pathol 1993; 99:689-694
Poller L. Laboratory control of oral anticoagulants [edito-
rial]. BM] 1987; 294:1184

Kazama M, Suzuki S, Abe T, et al. Evaluation of interna-
tional normalized ratios by a controlled field survey with 4
different thromboplastin reagents. Thromb Haemost 1990;
64:535-541

van den Besselaar AMHP, Lewis SM, Mannucci PM. Status
of present and candidate international reference prepara-
tions (IRP) of thromboplastin for the prothrombin time: a
report of the Subcommittee for Control of Anticoagulation.
Thromb Haemost 1993; 69:85

Duncan EM, Casey CR, Duncan BM, et al. Effect of
concentration of trisodium citrate anticoagulant on calcula-
tion of the international normalized ratio and the interna-
tional sensitivity index of thromboplastin. Thromb Haemost
1994; 72:84-88

Adcock DM, Kressen DC, Marlar RA. Effect of 3.2% vs.
3.8% sodium citrate on routine coagulation testing. Am |
Clin Pathol 1997; 107:105-110

Gohlke-Barwolf C, Acar J, Oakley C, et al. Guidelines for
prevention of thromboembolic events in valvular heart
disease: study Group of the Working Group on Valvular
Heart Disease of the European Society of Cardiology. Eur
Heart | 1995; 16:1320-1330

Salem DN, Stein PD, Al-Ahmad A, et al. Antithrombotic
therapy in valvular heart disease: native and prosthetic.
Chest 2004; 126(Supp1):4575—4828

Landefeld CS, Rosenblatt MW, Goldman L. Bleeding in
outpatients treated with warfarin: relation to the prothrom-
bin time and important remediable lesions. Am | Med 1989;
87:153-159

Fihn SD, McDonell M, Martin D, et al. Risk factors for
complications of chronic anticoagulation: a multi-center
study; Warfarin Optimized Outpatient Follow-up Study
Group. Ann Intern Med 1993; 118:511-520

Cannegieter SC, Rosendaal FR, Wintzen AR, et al. Optimal
oral anticoagulant therapy in patients with mechanical heart
valves. N Engl] Med 1995; 333:11-17

Hylek EM, Singer DE. Risk factors for intracranial hemor-
rhage in outpatients taking warfarin. Ann Intern Med 1994;
120:897-902

Palareti G, Leali N, Coccheri S, et al. Bleeding complica-
tions of oral anticoagulant treatment: an inception-cohort,
prospective collaborative study (ISOCOAT): Italian Study
on Complications of Oral Anticoagulant Therapy. Lancet
1996; 348:423-428

Hylek EM, Skates SJ, Sheehan MA, et al. An analysis of the
lowest effective intensity of prophylactic anticoagulation for
patients with non-rheumatic atrial fibrillation. N Engl ] Med
1996; 335:540-546

Hull R, Hirsh J, Jay R, et al. Different intensities of oral
anticoagulant therapy in the treatment of proximal-vein
thrombosis. N Engl | Med 1982; 307:1676-1681

Turpie AGG, Gunstensen ], Hirsh ], et al. Randomized
comparison of two intensities of oral anticoagulant therapy after
tissue heart valve replacement. Lancet 1988; 1:1242-1245
Saour JN, Sieck JO, Mamo LAR, et al. Trial of different
intensities of anticoagulation in patients with prosthetic
heart valves. N Engl | Med 1990; 322:428-432

Altman R, Rouvier |, Gurfinkel E, et al. Comparison of two

www.chestjournal.org

146

—
N
34

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

levels of anticoagulant therapy in patients with substitute
heart valves. ] Thorac Cardiovasc Surg 1991; 101:427-431
Hering D, Piper C, Bergemann R, et al. Thromboembolic
and bleeding complications following St. Jude mechanical
valve replacement. Chest 2005; 127:53-59

7 Pruefer D, Dahm M, Dohmen G, et al. Intensity of oral

anticoagulation after implantation of St. Jude Medical mitral
or multiple valve replacement: lessons learned from GELIA
(GELIA 5). Eur Heart | Suppl 2001; 3(suppl):Q39-Q43
Koertke H, Zittermann A, Minami K, et al. Low-dose
International Normalized Ratio self-management: a promis-
ing tool to achieve low complicated rates after mechanical
valve replacement. Ann Thorac Surg 2005; 79:1909-1914
Hering D, Piper C, Horstkotte D. Drug insight: an overview
of current anticoagulation therapy after heart valve replace-
ment. Nat Clin Prac Cardiovasc Med 2005; 2:415-421
Salem DN, Stein PD, Al-Ahmad A, et al. Antithrombotic
therapy in valvular heart disease-native and prosthetic: the
Seventh ACCP Conference on Antithrombotic and Throm-
bolytic Therapy. Chest 2004; 126(suppl):457S—482S
American College of Cardiology/American Heart Associa-
tion. 2006 Guidelines for the Management of Patients With
Valvular Heart Disease: a report of the American College of
Cardiology/American Heart Association; Task Force on
Practice Guidelines. Circulation 2006; 114:84-231

Ridker PM, Goldhaber SZ, Danielson E, et al. Long-term,
low-intensity warfarin therapy for the prevention of recur-
rent venous thromboembolism. N Engl | Med 2003; 348:
1425-1434

Kearon C, Ginsberg |S, Kovacs M, et al. Comparison of
low-intensity warfarin therapy with conventional intensity
warfarin therapy for long-term prevention of recurrent
venous thromboembolism. N Engl | Med 2003; 349:631—
639

Anand SS, Yusef S. Oral anticoagulant therapy in patients
with coronary artery disease: a meta-analysis. JAMA 1999;
282:2058 -2067

Segal JB, McNamara RL, Miller MR, et al. Prevention of
thromboembolism in atrial fibrillation: a meta-analysis of
trials of anticoagulants and antiplatelet drugs. | Gen Intern
Med 2000; 15:56—67

Hart RG, Benavente O, McBride R, et al. Antithrombotic
therapy to prevent stroke in patients with atrial fibrillation: a
meta-analysis. Ann Intern Med 1999; 131:492-501

Atrial Fibrillation Investigators. Risk factors for stroke and
efficacy of antithrombotic therapy in atrial fibrillation: anal-
ysis of pooled data from five randomized controlled trials.
Arch Intern Med 1994; 154:1449-1457

Stroke Prevention in Reversible Ischemia Trial (SPIRIT)
Study Group. A randomized trial of anticoagulants versus
aspirin therapy after cerebral ischemia of presumed arterial
origin. Ann Neurol 1997; 42:857-865

Palareti G, Manotti C, DAngelo A, et al. Thrombotic events
during oral anticoagulant treatment: results of the inception-
cohort, prospective, collaborative ISCOAT study: iISCOAT
study group (Italian Study on Complications of Oral Anti-
coagulant Therapy). Thromb Haemost 1997; 78:1438-1443
Sackett DL, Haynes RB, Guyatt GH, et al. Clinical epide-
miology: a basic science for clinical medicine. Philadelphia,
PA: Lippincott-Raven, 1991; 283-302

Bern MM, Lokich JJ, Wallach SR, et al. Very low doses of
warfarin can prevent thrombosis in central venous catheters.
Ann Intern Med 1990; 112:423—428

Nightingale CE, Norman A, Cunningham D, et al. A
prospective analysis of 949 long-term central venous access
catheters for ambulatory chemotherapy in patients with
gastrointestinal malignancy. Eur | Cancer 1997; 33:398-403

CHEST /133 /6 / JUNE, 2008 SUPPLEMENT 1918

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

Boraks P, Seale J, Price ], et al. Prevention of central venous
catheter associated thrombosis using minidose warfarin in
patients with haematological malignancies. Br | Haematol
1998; 101:483-486

Couban S, Goodyear M, Burnell M, et al. A randomized
double-blind placebo-controlled study of low dose warfarin
for the prevention of symptomatic central venous catheter-
associated thrombosis in patients with cancer [abstract].
Blood 2002; 100:703a

Heaton DC, Han DY, Inder A. Minidose (1 mg) warfarin
as prophylaxis for central vein catheter thrombosis. Intern
Med ] 2002; 32:84-88

Dale C, Gallus AS, Wycherley A, et al. Prevention of venous
thrombosis with minidose warfarin after joint replacement.
BM] 1991; 303:224

Fordyce MJF, Baker AS, Staddon GE. Efficacy of fixed
minidose warfarin prophylaxis in total hip replacement. BM]
1991; 303:219-220

Poller L, Thomson JM, MacCallum PK, et al. Minidose
warfarin and failure to prevent deep vein thrombosis after
joint replacement surgery despite inhibiting the postopera-
tive rise in plasminogen activator inhibitor activity. Clin Appl
Thromb Haemost 1995; 1:267-273

Gullgv AL, Koefoed BG, Petersen P, et al. Fixed mini-dose
warfarin and aspirin alone and in combination versus adjusted-
dose warfarin for stroke prevention in atrial fibrillation: Second
Copenhagen Atrial Fibrillation, Aspirin, and Anticoagulation
Study (the AFASAK-2 study). Arch Intern Med 1998; 158:
1513-1521

Coumadin, Aspirin, Reinfarction Study (CARS) Investiga-
tors. Randomized, double-blind trial of fixed low dose
warfarin with aspirin after myocardial infarction. Lancet
1997; 350:389-396

Petersen P, Boysen G, Godtfredsen |, et al. Placebo-
controlled, randomized trial of warfarin and aspirin for
prevention of thromboembolic complications in chronic
atrial fibrillation: the Copenhagen AFASAK study. Lancet
1989; 1:175-179

Boston Area Anticoagulation Trial for Atrial Fibrillation
Investigators. The effect of low-dose warfarin on the risk of
stroke in patients with nonrheumatic atrial fibrillation.
N Engl] Med 1990; 323:1505-1511

Ezekowitz M, Bridgers S, James K, et al. Warfarin in the
prevention of stroke associated with nonrheumatic atrial
fibrillation: Veterans Affairs Stroke Prevention in Nonrheu-
matic Atrial Fibrillation Investigators. N Engl | Med 1992;
327:1406-1412

Stroke Prevention in Atrial Fibrillation Investigators. Stroke
Prevention in Atrial Fibrillation Study: final results. Circu-
lation 1991; 84:527-539

European Atrial Fibrillation Trial Study Group. Secondary
prevention in non-rheumatic atrial fibrillation after transient
ischaemic attack or minor stroke. Lancet 1993; 342:1255—
1262

Currie CJ, Jones M, Goodfellow |, et al. Evaluation of
survival and ischaemic and thromboembolic event rates in
patients with non-valvular atrial fibrillation in the general
population when treated and untreated with warfarin. Heart
2006; 92:196-200

Oden A, Fahlen M, Hart RG. Optimal INR for prevention
of stroke and death in atrial fibrillation: a critical appraisal.
Thromb Res 2006; 117:493—499

ACC/AHA/ESC. 2006 Guidelines for the Management of
Patients With Atrial Fibrillation: Executive Summary. Eur
Heart | 2006; 27:1979-2030

Stroke Prevention in Atrial Fibrillation III Investigators.
Adjusted-dose warfarin versus low-intensity, fixed-dose war-

192S

180

181

182

183

184

185

186

[u—
(o]
=1

188

189

190

191

192

193

194

195

196

197

198

farin plus aspirin for high risk patients with atrial fibrillation:
Stroke Prevention in Atrial Fibrillation III randomized
clinical trial. Lancet 1996; 348:633—638

Hylek EM, Go AS, Chang Y, et al. Effect of intensity of oral
anticoagulation on stroke severity and mortality in atrial
fibrillation. N Engl] Med 2003; 349:1019-1026
Indredavik B, Rohweder G, Lydersen S. Frequency and
effect of optimal anticoagulation before onset of ischaemic
stroke in patients with known atrial fibrillation. | Intern Med
2005; 258:133-144

O'Donnell M, Oczkowski W, Fand |, et al. Preadmission
antithrombotic treatment and stroke severity in patients with
atrial fibrillation and acute ischaemic stroke: an observa-
tional study. Lancet Neurol 2006; 5:749-754

van Es RF, Jonker JJC, Verheugt FWA, et al. Aspirin and
coumadin after acute coronary syndromes (the ASPECT-2
study): a randomized controlled trial. Lancet 2002; 360:109—
113

Hurlen M, Abdelnoor M, Smith P, et al. Warfarin, aspirin, or
both after myocardial infarction. N Engl | Med 2002;
347:969-974

Fiore L, Ezekowitz MD, Brophy MT, et al. Department of
Veterans Affairs Cooperative Studies Program Clinical Trial
comparing combined warfarin and aspirin with aspirin alone
in survivors of acute myocardial infarction: primary results of
the CHAMP study. Circulation 2002; 105:557-563
Organization to Assess Strategies for Ischemic Syndromes
(OASIS) Investigators. Effects of long-term, moderate-
intensity oral anticoagulation in addition to aspirin in unsta-
ble angina. | Am Coll Cardiol 2001; 37:475-484

Ansell |, Hirsh ], Poller L, et al. The pharmacology and
management of the vitamin K antagonists. Chest 2004;
126(suppl):204S-2335

Ansell JE, Buttaro ML, Voltis Thomas O, et al. Consensus
guidelines for coordinated outpatient oral anticoagulation
therapy management. Ann Pharmacother 1997; 31:604—-615
Palareti G, Legnani C, Guazzaloca G, et al. Risk factors for
highly unstable response to oral anticoagulation: a case-
control study. Br | Haematol 2005; 129:72-78

Harrison L, ]ohnston M, Massicotte MP, et al. Comparison
of 5 mg and 10 mg loading doses in initiation of warfarin
therapy. Ann Intern Med 1997; 126:133-136

O'Reilly RA, Aggeler PM. Studies on coumarin anticoagu-
lant drugs: initiation of warfarin therapy with a loading dose.
Circulation 1968; 38:169-177

Crowther MA, Ginsberg |B, Kearon C, et al. A randomized
trial comparing 5 mg and 10 mg warfarin loading doses. Arch
Intern Med 1999; 159:46—48

Kovacs MJ, Rodger M, Anderson DR, et al. Comparison of
10 mg and 5 mg warfarin initiation nomograms together with
low molecular weight heparin for outpatient treatment of
acute venous thromboembolism. Ann Intern Med 2003;
138:714-719

Ageno W, Turpie AGG, Steidl L, et al. Comparison of a daily
fixed 2.5 mg warfarin dose with a 5 mg, International
Normalized ratio adjusted, warfarin dose initially following
heart valve replacement. Am | Cardiol 2001; 88:40-44
Garcia D, Regan S, Crowther M, et al. Warfarin mainte-
nance dosing patterns in clinical practice. Chest 2005;
127:2049-2056

Joffe HV, Xu R, Johnson FB, et al. Warfarin dosing and
cytochrome P450 2C9 polymorphisms. Thromb Haemost
2004; 91:1123-1128

Gage BF, Eby C, Milligan PE, et al. Use of pharmacoge-
netics and clinical factors to predict the maintenance dose of
warfarin. Thromb Haemost 2004; 91:87-94

Takahashi H, Wilkinson GR, Padrini R, et al. CYP2C9 and

Antithrombotic and Thrombolytic Therapy 8th Ed: ACCP Guidelines

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

oral anticoagulation therapy with acenocoumarol and warfa-
rin: similarities yet differences. Clin Pharmacol Ther 2004;
75:376-380

Quteineh L, Verstuyft C, Descot C, et al. Vitamin K epoxide
reductase genetic polymorphism is associated to oral antico-
agulant overdose. Thromb Haemost 2005; 94:690—691
Vecsler M, Loebstein R, Almog S, et al. Combined genetic
profiles of components and regulators of the vitamin K-
dependent gamma-carboxylation system affect individual
sensitivity to warfarin. Thromb Haemost 2006; 95:205-211
Roden DM, Altman RB, Benowitz NL, et al. Pharmacog-
enomics: challenges and opportunities. Ann Intern Med
2006; 145:749-757

Hillman MA, Wilke RA, Yale SH, et al. A prospective,
randomized pilot trial of model-based warfarin dose initia-
tion using CYP2C9 genotype and clinical data. Clin Med Res
2005; 3:137-145

Voora D, Eby C, Linder MW, et al. Prospective dosing of
warfarin based on cytochrome P 450 2C9 genotype. Thromb
Haemost 2005; 93:700-705

Sallah S, Thomas DP, Roberts HR. Warfarin and heparin-
induced skin necrosis and the purple toe syndrome: infre-
quent complications of anticoagulant treatment. Thromb
Haemost 1997; 78:785-790

Wong W, Wilson Norton ], Wittkowsky AK. Influence of
warfarin regimen type on clinical and monitoring outcomes
in stable patients in an anticoagulation management service.
Pharmacotherapy 1999; 19:1385-1391

Hixson-Wallace JA, Dotson ]B, Blakey SA. Effect of regi-
men complexity on patient satisfaction and compliance with
warfarin therapy. Clin Appl Thromb Haemost 2001; 7:33-37
Gurwitz JH, Avorn |, Ross-Degnan D, et al. Aging and the
anticoagulant response to warfarin therapy. Ann Intern Med
1992; 116:901-904

Redwood M, Taylor C, Bain BJ, et al. The association of age
with dosage requirement for warfarin. Age Ageing 1991;
20:217-220

James AH, Britt RP, Raskino CL, et al. Factors affecting the
maintenance dose of warfarin. ] Clin Pathol 1992; 45:704—
706

Mungall D, White R. Aging and warfarin therapy. Annual
Seventh ACCP Conference on Antithrombotic and Throm-
bolytic Therapy. Intern Med 1992; 117:878-879

Bowles SK. Stereoselective disposition of warfarin in young
and elderly subjects [abstract]. Clin Pharmacol Ther 1994;
55:172

Siguret V, Gouin I, Debray M, et al. Initiation of warfarin
therapy in elderly medical inpatients: a safe and accurate
regimen. Am | Med 2005; 118:137-142

O’Connell MB, Kowal PR, Allivato CJ, et al. Evaluation of
warfarin initiation regimens in elderly inpatients. Pharma-
cotherapy 2000; 20:923-930

McCormick D, Gurwitz JH, Goldberg J, et al. Long-term
anticoagulation therapy for atrial fibrillation in elderly pa-
tients: efficacy, risk, and current patterns of use. ] Thromb
Thrombolysis 1999; 7:157-163

Horstkotte D, Piper C, Wiemer M. Optimal frequency of
patient monitoring and intensity of oral anticoagulation
therapy in valvular heart disease. ] Thromb Thrombolysis
1998; 5(suppl):19-24

Samsa GP, Matchar DB. Relationship between test fre-
quency and outcomes of anticoagulation: a literature review
and commentary with implications for the design of random-
ized trials of patient self-management. | Thromb Thrombol-
ysis 2000; 9:283-292

Kent DL, Vermes D, McDonell M, et al. A model for
planning optimal follow-up for outpatients on warfarin

www.chestjournal.org

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

anticoagulation. Med Decis Making 1992; 12:132-141
Pengo V, Barbero F, Biasiolo A, et al. A comparison between
six-and four-week intervals in surveillance of oral anticoag-
ulant treatment. Am | Clin Pathol 2003; 120:944-947
Shalev V, Rogowski O, Shimron O, et al. The interval
between prothrombin time tests and the quality of oral
anticoagulants treatment in patients with chronic atrial
fibrillation. Thromb Res 2007; 120:201-206

Gunneman T, Ruybalid RL, Jacobson AK, et al. Frequent
prothrombin time testing reduces inappropriate warfarin dose
changes [abstract]. Thromb Haemost 1999; 82(suppl):676
Lousberg TR, Witt DM, Beall DG, et al. Evaluation of
excessive anticoagulation in a group model health mainte-
nance organization. Arch Intern Med 1998; 158:528-534
Garcia DA, Regan S, Crowther M, et al. The risk of
hemorrhage among patients with warfarin-associated coagu-
lopathy. J Am Coll Cardiol 2006; 47:804—808

Hylek EM, Regan S, Go AS, et al. Clinical predictors of
prolonged delay in return of the international normalized
ratio to within the therapeutic range after excessive antico-
agulation with warfarin. Ann Intern Med 2001; 135:393—400
Makris M, Greaves M, Phillips WS, et al. Emergency oral
anticoagulant reversal: the relative efficacy of infusions of
fresh frozen plasma and clotting factor concentrate on
correction of the coagulopathy. Thromb Haemost 1997,
T7:477-480

Nitu IC, Perry DJ, Lee CA. Clinical experience with the use
of clotting factor concentrates in oral anticoagulation rever-
sal. Clin Lab Haematol 1998; 20:363-367

Deveras RAE, Kessler GM. Reversal of warfarin-induced
excessive anticoagulation with recombinant human factor
VIIa concentrate. Ann Intern Med 2002; 137:884—888
Berntorp E. Recombinant FVIIa in the treatment of warfa-
rin bleeding. Semin Thromb Hemost 2000; 26:433-435
Sorensen B, Johansen P, Nielsen GL, et al. Reversal of the
International Normalized Ratio with recombinant activated
factor VII in central nervous system bleeding during warfa-
rin thromboprophylaxis: clinical and biochemical aspects.
Blood Coagul Fibrinolysis 2003; 14:469—-477

Franchini M, Zaffanello M, Veneri D. Recombinant factor
VIIa: an update on its clinical use. Thromb Haemost 2005;
93:1027-1035

Erhardtsen E, Nony P, Dechavanne M, et al. The effect of
recombinant factor VIIa in healthy volunteers receiving
acenocoumarol to an international normalized ratio above
2.0. Blood Coagul Fibrinolysis 1998; 9:741-748

Crowther MA, Julian ], McCarty D, et al. Treatment of
warfarin-associated coagulopathy with oral vitamin K: a
randomized trial. Lancet 2000; 356:1551-1553

Ageno W, Garcia D, Silingardi M, et al. A randomized trial
comparing 1 mg of oral vitamin K with no treatment in the
management of warfarin-associated coagulopathy in patients
with mechanical heart valves. ] Am Coll Cardiol 2005;
46:730-742

Gunther KE, Conway G, Leibach L, et al. Low-dose oral
vitamin K is safe and effective for outpatient management of
patients with an INR > 10. Thromb Res 2004; 113:205-209
Whitling AM, Bussey HI, Lyons RM. Comparing different
routes and doses of phytonadione for reversing excessive
anticoagulation. Arch Intern Med 1998; 158:2136-2140
Raj G, Kumar R, McKinney P. Time course of reversal of
anticoagulant effect of warfarin by intravenous and subcu-
taneous phytonadione. Arch Intern Med 1999; 159:2721-
2724

Crowther MA, Douketis JD, Schnurr T, et al. Oral vitamin
K lowers the international normalized ratio more rapidly
than subcutaneous vitamin K in the treatment of warfarin

CHEST /133 /6 / JUNE, 2008 SUPPLEMENT ~ 193S

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

associated coagulopathy. Ann Intern Med 2002; 137:251—
254

Pengo V, Banzato A, Garelli E, et al. Reversal of excessive
effect of regular anticoagulation: low oral dose of phyton-
adione (vitamin K1) compared with warfarin discontinua-
tion. Blood Coagul Fibrinolysis 1993; 4:739-741

Cosgriff SW. The effectiveness of an oral vitamin K1 in
controlling excessive hypoprothrombinemia during antico-
agulant therapy. Ann Intern Med 1956; 45:12-22

Shirger A, Spittel JA, Ragen PA. Small doses of vitamin K1
for correction of reduced prothrombin activity. Proc Staff
Meet Mayo Clin 1959; 34:453-458

Weibert RE, Le DT, Kayser SR, et al. Correction of
excessive anticoagulation with low dose oral vitamin K1. Ann
Intern Med 1997; 125:959-962

Shetty HG, Backhouse G, Bentley OP, et al. Effective
reversal of warfarin-induced excessive anticoagulation with
low dose vitamin K1. Thromb Haemost 1992; 67:13-15
Martin JC. Anaphylactoid reactions and vitamin K [letter].
Med J Aust 1991; 155:851

Fiore LD, Scola MA, Cantillon CE, et al. Anaphylactoid
reactions to vitamin K. | Thromb Thrombolysis 2001; 11:
175-183

Watson HG, Baglin T, Laidlaw SL, et al. A comparison of
the efficacy and rate of response to oral and intravenous
vitamin K in reversal of over-anticoagulation with warfarin.
Br | Haematol 2001; 115:145-149

Aguilar MI, Hart RG, Kase CS, et al. Treatment of warfarin-
associated intracerebral hemorrhage: literature review and
expert opinion. Mayo Clin Proc 2007; 82:82-92

Yasaka M, Sakata T, Naritomi H, et al. Optimal dose of
prothrombin complex concentrate for acute reversal of oral
anticoagulation. Thromb Res 2005; 115:455-459

Dager WE, King JH, Regalia RC, et al. Reversal of elevated
international normalized ratios and bleeding with low-dose
recombinant activated factor VII in patients receiving war-
farin. Pharmacotherapy 2006; 26:1091-1098

Mayer SA, Brun MC, Begtrup K, et al. Recombinant
activated factor VII for acute intracererbral hemorrhage.
N Engl | Med 2005; 352:277-285

Ehrlich HJ, Henzl MJ, Gomperts ED. Safety of factor VIII
inhibitor bypass activity (FEIBA): 10 year compilation of
thrombotic adverse events. Haemophilia 2002; 8:83-90
Sorano GG, Biondi G, Conti M, et al. Controlled vitamin K
content diet for improving the management of poorly
controlled anticoagulated patients: a clinical practice pro-
posal. Haemostasis 1993; 23:77-82

Sconce E, Khan T, Mason J, et al. Patients with unstable
control have a poorer dietary intake of vitamin K compared
to patients with stable control of anticoagulation. Thromb
Haemost 2005; 93:872—875

Kurnik D, Lobestein R, Rabinovitz H, et al. Over-
the-counter vitamin K,-containing multivitamin supple-
ments disrupt warfarin anticoagulation in vitamin K-
depleted patients. Thromb Haemost 2004; 92:1018-1024
Schurgers LJ, Shearer MJ, Hamulyak K, et al. Effect of
vitamin K intake on the stability of oral anticoagulant
treatment: dose-response relationships in healthy subjects.
Blood 2004; 104:2682-2689

Reese AM, Farnett LE, Lyons R, et al. Low-dose vitamin K
to augment anticoagulation control. Pharmacotherapy 2005;
25:1746-1751

Ford SK, Misita CP, Shilliday BB, et al. Prospective study of
supplemental vitamin K therapy in patients on oral antico-
agulants with unstable international normalized ratios.
] Thromb Thrombolysis 2007; 24:23-27

Sconce E, Avery P, Wynne H, et al. Vitamin K supplemen—

194S

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

tation can improve stability of anticoagulation for patients
with unexplained variability in response to warfarin. Blood
2007; 109:2419-2423

Kearon C, Hirsh J. Management of anticoagulation before
and after elective surgery. N Engl | Med 1997; 336:1506—
1511

Dunn A, Turpie AGG. Perioperative management of pa-
tients on oral anticoagulants: a systematic review. Arch
Intern Med 2003; 163:901-908

Rosove MH, Brever PM. Antiphospholipid thrombosis: clin-
ical course after the first thrombotic event in 70 patients.
Ann Intern Med 1992; 117:303-308

Khamashta ML, Cuadrado M]J, Mujic F, et al. The manage-
ment of thrombosis in the antiphospholipid-antibody syn-
drome. N Engl | Med 1995; 332:993-997

Sanfelippo M], Sennet |, McMahon EJ. Falsely elevated
INRs in warfarin-treated patients with the lupus anticoagu-
lant. Wis Med ] 2000; 99:62—-64

Moll S, Ortel TL. Monitoring warfarin therapy in patients
with lupus anticoagulants. Ann Intern Med 1997; 127:177—
185

Della Valle P, Crippa L, Safa O, et al. Potential failure of the
international normalized ratio (INR) system in the monitor-
ing of oral anticoagulation in patients with lupus anticoagu-
lants. Ann Med Interne (Paris) 1996; 147(suppl):10-14
Robert A, LeQuerrec A, Delahousse B, et al. Control of oral
anticoagulation in patients with the antiphospholipid syn-
drome: influence of the lupus anticoagulant on international
normalized ratio. Thromb Haemost 1998; 80:99-103
Lawrie AS, Purdy G, Mackie IJ, et al. Monitoring of oral
anticoagulant therapy in lupus anticoagulant positive pa-
tients with the anti-phospholipid syndrome. Br ] Haematol
1997; 98:887—892

Rapaport SI, Le DT. Thrombosis in the antiphospholipid
antibody syndrome [letter]. N Engl | Med 1995; 333:665
Le DT, Weibert RT, Sevilla BK, et al. The international
normalized ratio (INR) for monitoring warfarin therapy:
reliability and relation to other monitoring methods. Ann
Intern Med 1994; 120:552-558

Lind SE, Callas PW, Golden EA, et al. Plasma levels of
factors II, VIL, and X and their relationship to the interna-
tional normalized ratio during chronic warfarin therapy:
Blood Coagul Fibrinolysis 1997; 8:48-53

Kornbert A, Francis DW, Pellegrini VD Jr, et al. Compari-
son of native prothrombin antigen with the prothrombin
time for monitoring oral anticoagulant prophylaxis. Circula-
tion 1993; 88:454—460

Crowther MA, Ginsberg JS, Julian |, et al. A comparison of
two intensities of warfarin for the prevention of recurrent
thrombosis in patients with the antiphospholipid antibody
syndrome. N Engl | Med 2003; 349:1133-1138

Finazzi G, Brancaccio V, Schinco P, et al. A randomized
clinical trial of high-intensity warfarin vs conventional anti-
thrombotic therapy for the prevention of recurrent throm-
bosis in patients with the antiphospholipid syndrome
(WAPS). ] Thromb Haemost 2005; 3:848-853

Ames PRJ, Ciampa A, Margaglione M, et al. Bleeding and
re-thrombosis in primary antiphospholipid syndrome on oral
anticoagulation. Thromb Haemost 2005; 93:694—699
Wittkowsky AK, Downing |, Blackburn |, et al. Warfarin-
related outcomes in patients with antiphospholipid antibody
syndrome managed in an anticoagulation clinic. Thromb
Haemost 2006; 96:137-141

European Atrial Fibrillation Trial Study Group. Optimal
oral anticoagulant therapy in patients with nonrheumatic
atrial fibrillation and recent cerebral ischemia. N Engl
] Med 1995; 333:5-10

Antithrombotic and Thrombolytic Therapy 8th Ed: ACCP Guidelines

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

275

276

277

278

279

280

281

282

283

284

285

286

Do
(o]
-]

288

289

290

291

292

Landefeld CS, Goldman L. Major bleeding in outpatients
treated with warfarin: incidence and prediction by factors
known at the start of outpatient therapy. Am | Med 1989;
87:144-152

van der Meer FJM, Rosendaal FR, Vandenbroucke JP, et al.
Bleeding complications in oral anticoagulant therapy: an
analysis of risk factors. Arch Intern Med 1993; 153:1557—
1562

Forfar JC. Prediction of hemorrhage during long-term oral
coumarin anticoagulation by excessive prothrombin ratio.
Am Heart | 1982; 103:445-446

White HD, Gruber M, Feyzi |, et al. Comparison of
outcomes among patients randomized to warfarin therapy
according to anticoagulant control: results from SPORTIF
11T and V. Arch Intern Med 2007; 167:239-245

Charney R, Leddomado E, Rose DN, et al. Anticoagulation
clinics and the monitoring of anticoagulant therapy. Int
] Cardiol 1988; 18:197-206

Wilson DB, Dunn MI, Hassanein K. Low intensity antico-
agulation in mechanical cardiac prosthetic valves. Chest
1991; 100:1553-1557

Connolly SJ, Laupacis A, Gent M, et al. Canadian Atrial
Fibrillation Anticoagulation (CAFA) study. ] Am Coll Car-
diol 1991; 18:349-355

Palareti G, Legnani C, Cosmi B, et al. Poor anticoagulation
quality in the first three months after unprovoked venous
thromboembolism is a risk factor for long-term recurrence.
J Thromb Haemost 2005; 3:955-961

Beyth RJ, Quinn L, Landefeld CS. A multi-component
intervention to prevent major bleeding complications in
older patients receiving warfarin: a randomized, controlled
trial. Ann Intern Med 2000; 133:687—695

Horstkotte D, Piper C, Wiemer M, et al. Improvement of
prognosis by home prothrombin estimation in patients with
life-long anticoagulant therapy [abstract]. Eur Heart | 1996;
17(suppl):230

Sawicki PT. A structured teaching and self-management
program for patients receiving oral anticoagulation: a ran-
domized controlled trial; Working Group for the Study of
Patient Self-Management of Oral Anticoagulation. JAMA
1999; 281:145-150

Kortke H, Korfer R. International normalized ratio self-
management after mechanical heart valve replacement: is an
early start advantageous? Ann Thorac Surg 2001; 72:44—48

7 Matchar DB, Samsa GP, Cohen SJ, et al. Improving the

quality of anticoagulation of patients with atrial fibrillation in
managed care organizations: results of the managing antico-
agulation services trial. Am | Med 2002; 113:42-51

Wilson SJ, Wells PS, Kovacs MJ, et al. Comparing the
quality of oral anticoagulant management by anticoagulation
clinics and by family physicians: a randomized controlled
trial. Can Med Assoc ] 2003; 169:293-298

Gadisseur APA, Breuking-Engbers WGM, van der Meer
FJM, et al. Comparison of the quality of oral anticoagulant
therapy through patient self-management and management
by specialized anticoagulation clinics in the Netherlands.
Arch Intern Med 2003; 163:2630-2646

Cromheecke ME, Levi M, Colly LP, et al. Oral anticoagu-
lation self-management and management by a specialist
anticoagulation clinic: a randomized cross-over comparison.
Lancet 2000; 556:97-101

Watzke HH, Forberg E, Svolba G, et al. A prospective
controlled trial comparing weekly self-testing and self-dos-
ing with the standard management of patients on stable oral
anticoagulation. Thromb Haemost 2000; 83:661-665
Abdelhafiz AH, Wheeldon NM. Results of an open-label,
prospective study of anticoagulant therapy for atrial fibrilla-

www.chestjournal.org

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

tion in an outpatient anticoagulation clinic. Clin Ther 2004;
26:1470-1478

Menendez-Jandula B, Souto JC, Oliver A, et al. Comparing
self-management of oral anticoagulant therapy with clinic
management: a randomized trial. Ann Intern Med 2005;
142:1-10

Fitzmaurice DA, Murray ET, Gee KM, et al. A randomised
controlled trial of patient self management of oral anticoag-
ulation treatment compared with primary care management.
J Clin Pathol 2002; 55:845-849

Kulinna W, Ney D, Wenzel T, et al. The effect of self-
monitoring the INR on quality of anticoagulation and quality
of life. Semin Thromb Hemost 1999; 25:123-126
Heidinger KS, Bernardo A, Taborski U, et al. Clinical
outcome of self-management of oral anticoagulation in
patients with atrial fibrillation or deep vein thrombosis.
Thromb Res 2000; 98:287-293

Fitzmaurice DA, Murray ET, McCahon D, et al. Self
management of oral anticoagulation: randomised trial. BM]
2005; 331:1057

Smith P, Arnesen H, Holme I. The effect of warfarin on
mortality and reinfarction after myocardial infarction.
N Engl | Med 1990; 323:147-152

ASPECT Research Group. Effect of long-term oral antico-
agulant treatment on mortality and cardiovascular morbidity
after myocardial infarction. Lancet 1994; 343:499-503
Stroke Prevention in Atrial Fibrillation Investigators. War-
farin versus aspirin for prevention of thromboembolism in
atrial fibrillation: Stroke Prevention in Atrial Fibrillation 1T
Study. Lancet 1994; 343:687-691

Hellemons BSP, Langenberg M, Lodder J, et al. Primary
prevention of arterial thromboembolism in non-rheumatic
atrial fibrillation in primary care: randomized controlled trial
comparing two intensities of coumarin with aspirin. BM]
1999; 319:958-964

Hutten BA, Prins MH, Redekop WK, et al. Comparison of
three methods to assess therapeutic quality control of
treatment with vitamin K antagonists. Thromb Haemost
1999; 82:1260-1263

Butchart EG, Payne N, Li HH, et al. Better control
improves survival after valve replacement. ] Thorac Cardio-
vasc Surg 2002; 123:715-723

Chimowitz MI, Lynn M], Howlett-Smith H, et al. Compar-
ison of warfarin and aspirin for symptomatic intracranial
arterial stenosis. N Engl | Med 2005; 352:1305-1316
ACTIVE Investigators. Clopidogrel plus aspirin versus oral
anticoagulation for atrial fibrillation in the Atrial Fibrillation
Clopidogrel Trial With Irbesartan for Prevention of Vascular
Events (ACTIVE W): a randomized controlled trial. Lancet
2006; 367:1903-1912

SPORTIF III Investigators. Stroke prevention with the oral
direct thrombin inhibitor ximelagatran compared with war-
farin in patients with non-valvular atrial fibrillation: random-
ized controlled trial. Lancet 2003; 362:1691-1698
SPORTIF V Investigators. Ximelagatran vs warfarin for
stroke prevention in patients with nonvalvular atrial fibrilla-
tion: a randomized trial. JAMA 2005; 293:690-698
Fiessinger JN, Huisman MV, Davidson BL, et al. Ximelagat-
ran vs low-molecular-weight heparin and warfarin for the
treatment of deep vein thrmbosis: a randomized trial. JAMA
2005; 293:681-689

Fitzmaurice DA, Kesteven P, Gee KM, et al. A systematic
review of outcome measures reported for the therapeutic
effectiveness of oral anticoagulation. J Clin Pathol 2003;
56:48-51

Schmitt L, Speckman |, Ansell J. Quality assessment of
anticoagulation dose management: comparative evaluation

CHEST /133 /6 / JUNE, 2008 SUPPLEMENT 1958

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

of measures of time-in-therapeutic range. ] Thromb Throm-
bolysis 2003; 15:213-216

Rosendaal FR, Cannegieter SC, van der Meer FJM, et al. A
method to determine the optimal intensity of oral anticoag-
ulant therapy. Thromb Haemost 1993; 39:236-239

Meier DJ, Sonnad SS, Merz JC, et al. Comparison of narrow
versus standard target INR ranges [abstract]. ] Am Coll
Cardiol 2002; 39:272a

Palareti G, Legnani C, Manotti C. The first months of oral
anticoagulant treatment are associated with a very low
quality of laboratory control: data from the Iscoat Study
[abstract]. Thromb Haemost 1999; 82(suppl):549

Hutten BA, Prins MH, Buller HR. Determinants of time
spent in the therapeutic range while using vitamin k antag-
onists [abstract]. Thromb Haemost 1999; 82(suppl):545
Gadisseur AP, van der Meer FJM, Rosendaal FR. Thera-
peutic quality control of oral anticoagulant therapy compar-
ing the short acting acenocoumarol and the long acting
phenprocoumon. Br ] Haematol 2002; 117:940-946
Pattacini C, Nanotti C, Pini R, et al. A comparative study on
the quality of oral anticoagulant therapy (warfarin versus
acenocoumarol). Thromb Haemost 1994; 71:188-191
Beyth R], Quinn LM, Landefeld S. Prospective evaluation of
an index for predicting the risk of major bleeding in outpatients
treated with warfarin. Am ] Med 1998; 105:91-99

Launbjerg |, Egeblad H, Heaf |, et al. Bleeding complica-
tions to oral anticoagulant therapy: multivariate analysis of
1010 treatment years in 551 outpatients. | Intern Med 1991;
229:351-355

Cortelazzo S, Finazzi G, Viero P, et al. Thrombotic and
hemorrhagic complications in patients with mechanical
heart valve prosthesis attending an anticoagulation clinic.
Thromb Haemost 1993; 69:316-320

Gitter M], Jaeger TM, Petterson TM, et al. Bleeding and
thromboembolism during anticoagulant therapy: a popula-
tion based study in Rochester, Minnesota. Mayo Clin Proc
1995; 70:725-733

Landefeld S, Beyth RJ. Anticoagulant-related bleeding:
clinical epidemiology, prediction, and prevention. Am | Med
1993; 95:315-328

Errichetti AM, Holden A, Ansell J. Management of oral
anticoagulant therapy: experience with an anticoagulation
clinic. Arch Intern Med 1984; 144:1966-1968

Petty GW, Lennihan L, Mohr JP, et al. Complications of
long-term anticoagulation. Ann Neurol 1988; 23:570-574
Bussey HI, Rospond RM, Quandt CM, et al. The safety and
effectiveness of long-term warfarin therapy in an anticoag-
ulation clinic. Pharmacotherapy 1989; 9:214-219

Sixty Plus Reinfarction Study Research Group. Risks of
long-term oral anticoagulant therapy in elderly patients after
myocardial infarction: second report of the Sixty Plus Rein-
farction Study Research Group. Lancet 1982; 1:62—68
MclInnes GT, Helenglass G. The performance of clinics for
outpatient control of anticoagulation. | R Coll Physicians
Lond 1987; 21:42—45

Wickramasinghe LSP, Basu SK, Bansal SK. Long-term oral
anticoagulant therapy in elderly patients. Age Ageing 1988;
17:388-396

Joglekar M, Mohanaruban K, Bayer AJ, et al. Can old people
on oral anticoagulants be safely managed as outpatients?
Postgrad Med | 1988; 64:775-777

Issacs C, Paltiel O, Blake G, et al. Age-associated risks of
prophylactic anticoagulation in the setting of hip fracture.
Am | Med 1994; 96:487-491

Davis FB, Estruch MT, Samson-Cervera EB, et al. Manage-
ment of anticoagulation in outpatients: experience with an
anticoagulation service in a municipal hospital setting. Arch

196S

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

Intern Med 1977; 137:197-202

Graves DJ, Wenger NK, Clark WS. Lack of excessive
bleeding risk in elderly patients receiving long-term oral
anticoagulation. Cardiol Elderly 1995; 3:273-280

Copland M, Walker ID, Tait RC. Oral anticoagulation and
hemorrhagic complications in an elderly population with
atrial fibrillation. Arch Intern Med 2001; 161:2125-2128
Stroke Prevention in Atrial Fibrillation Investigators. Bleed-
ing during antithrombotic therapy in patients with atrial
fibrillation. Arch Intern Med 1996; 156:409—416

Fihn SD, Callahan CM, Martin DC, et al. The risk for and
severity of bleeding complication in elderly patients treated
with warfarin. Ann Intern Med 1996; 124:970-979
Steffensen FH, Kristensen K, Ejlersen E, et al. Major
haemorrhagic complications during oral anticoagulant ther-
apy in a Danish population-based cohort. | Intern Med
1997; 242:497-503

Pettiti DB, Strom BL, Melmon KL. Duration of warfarin
anticoagulation therapy and the probabilities of recurrent
thromboembolism and hemorrhage. Am | Med 1986; S1:
255-259

Cheng HY. Is age a risk factor for warfarin-related major
bleeds in elderly patients with atrial fibrillation? | Am
Geriatr Soc 2006; 54:1155

Palareti, Hirsh J, Legnani C, et al. Oral anticoagulation
treatment in the elderly: a nested, prospective, case-control
study. Arch Intern Med 2000; 160:470-478

Fang MC, Go AS, Hylek EM, et al. Age and the risk of
warfarin-associated hemorrhage: the Anticoagulation and
Risk Factors in Atrial Fibrillation Study. ] Am Geriatr Soc
2006; 54:1231-1236

van Walraven C, Hart RG, Singer DE, et al. Oral antico-
agulants vs aspirin in nonvalvular atrial fibrillation: an indi-
vidual patient meta-analysis. JAMA 2002; 288:2441-2448
Torn M, Bollen WLEM, van der Meer FJM, et al. Risks of
oral anticoagulant therapy with increasing age. Arch Intern
Med 2005; 165:1527-1532

Verhagen H. Local hemorrhage and necrosis of the skin and
underlying tissues at starting therapy with dicumarol or
dicumacyl. Acta Med Scand 1954; 148:455-467

Weinberg AC, Lieskovsky G, McGehee WG, et al. Warfarin
necrosis of the skin and subcutaneous tissue of the male
genitalia. ] Urol 1983; 130:352-354

Broekmans AW, Bertina RM, Loeliger EA, et al. Protein C
and the development of skin necrosis during anticoagulant
therapy. Thromb Haemost 1983; 49:244-251

Zauber NP, Stark MW. Successful warfarin anticoagulant
despite protein C deficiency and a history of warfarin
necrosis. Ann Intern Med 1986; 104:659—660

Samama M, Horellou MH, Soria J, et al. Successful progres-
sive anticoagulation in a severe protein C deficiency and
previous skin necrosis at the initiation of oral anticoagulation
treatment. Thromb Haemost 1984; 51:332-333

Grimaudo V, Gueissaz F, Hauert |, et al. Necrosis of skin
induced by coumarin in a patient deficient in protein S. BM]
1989; 298:233-234

Warkentin TE. Venous limb gangrene during warfarin treat-
ment of cancer-associated deep venous thrombosis. Ann
Intern Med 2001; 135:589-593

Warkentin TE, Elavathil L], Hayward CPM, et al. The
pathogenesis of venous limb gangrene associated with hep-
arin-induced thrombocytopenia. Ann Intern Med 1997,
127:804-812

Srinivasan AF, Rice L, Bartholomeu JR, et al. Warfarin-
induced skin necrosis and venous limb gangrene in the
setting of heparin-induced thrombocytopenia. Arch Intern
Med 2004; 164:66-70

Antithrombotic and Thrombolytic Therapy 8th Ed: ACCP Guidelines

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

Coon WW, Willis PW. Hemorrhagic complications of anti-
coagulant therapy. Arch Intern Med 1974; 133:386-392
Jaffin BW, Bliss CM, Lamont JT. Significance of occult
gastrointestinal bleeding during anticoagulation therapy.
Am | Med 1987; 83:269-272

Wilcox CM, Truss CD. Gastrointestinal bleeding in patients
receiving long-term anticoagulant therapy. Am | Med 1988;
84:683-690

Culclasure TF, Bray V], Hasbargen JA. The significance of
hematuria in the anticoagulated patient. Arch Intern Med
1994; 154:649—-652

Caralis P, Gelbard M, Washer ], et al. Incidence and
etiology of hematuria in patients on anticoagulant therapy
[abstract]. Clin Res 1989; 37:791A

Schuster GA, Lewis GA. Clinical significance of hematuria
in patients on anticoagulant therapy. | Urol 1987; 137:923—
925

van Savage |G, Fried FA. Anticoagulant associated hematu-
ria: a prospective study. | Urol 1995; 153:1594-1596

Hirsh J, Dalen ], Anderson DR, et al. Oral anticoagulants:
mechanism of action, clinical effectiveness, and optimum
therapeutic range. Chest 2001; 119(suppl):85-21S

Willey V], Bullano MF, Hauch O, et al. Management
patterns and outcomes of patients with venous thromboem-
bolism in the usual community practice setting. Clin Ther
2004; 26:1149-1159

Veeger NJGM, Piersma-Wichers M, Tijssen JGP, et al.
Individual time within target range in patients treated with
vitamin K antagonists: main determinant of quality of anti-
coagulation and predictor of clinical outcome; a retrospec-
tive study of 2300 consecutive patients with venous throm-
boembolism. Br | Haematol 2005; 128:513-519

Chiquette E, Amato MG, Bussey HI. Comparison of an
anticoagulation clinic and usual medical care: anticoagula-
tion control, patient outcomes, and health care costs. Arch
Intern Med 1998; 158:1641-1647

Witt DM, Sadler MA, Shanahan RL, et al. Effect of a
centralized clinical pharmacy anticoagulation service on the
outcomes of anticoagulation therapy. Chest 2005; 127:1515—
1522

van Walraven C, Jennings A, Oake N, et al. Effect of study
setting on anticoagulation control: a systematic review and
meta-regression. Chest 2006; 129:1155-1166

Ansell JE, Leaning KE. Capillary whole blood prothrombin
time monitoring: instrumentation and methodologies. In:
Ansell ], Oertel LB, Wittkowsky AK, eds. Managing oral
anticoagulation therapy: clinical and operational guidelines.
New York, NY: Aspen, 1997; 28:1-28:6

Lucas FV, Duncan A, Jay R, et al. A novel whole blood
capillary technique for measuring prothrombin time. Am J
Clin Pathol 1987; 88:442—446

Yano Y, Kambayashi ], Murata K, et al. Bedside monitoring
of warfarin therapy by a whole blood capillary coagulation
monitor. Thromb Res 1992; 66:583-590

Weibert RT, Adler DS. Evaluation of a capillary whole-
blood prothrombin time measurement system. Clin Pharm
1989; 8:864—-867

Rose VL, Dermott SC, Murray BF, et al. Decentralized
testing for prothrombin time and activated partial thrombo-
plastin time using a dry chemistry portable analyzer. Arch
Pathol Lab Med 1993; 117:611-617

Fabbrini N, Messmore H, Balbale S, et al. Pilot study to
determine use of a TAS analyzer in an anticoagulation clinic
setting [abstract]. Blood 1995; 86(suppl):869a

Ansell JE, Zweig S, Meyer B, et al. Performance of the
AvocetPT prothrombin time system [abstract]. Blood 1998;
92(suppl):112b

www.chestjournal.org

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

Gosselin R, Owings |T, White RH, et al. A comparison of
point-of-care instruments designed for monitoring oral an-
ticoagulation with standard laboratory methods. Thromb
Haemost 2000; 83:698-703

van den Besselar AMHP. A comparison of INRs determined
with a whole blood prothrombin time device and two
international reference preparations for thromboplastin.
Thromb Haemost 2000; 84:410-412

Kitchen S, Preston FE. Monitoring oral anticoagulant treat-
ment with the TAS near patient test system: comparison
with conventional thromboplastins. | Clin Pathol 1997;
50:951-956

Douketis JD, Lane A, Milne J, et al. Accuracy of a portable
international normalization ratio monitor in outpatients re-
ceiving long—term oral anticoagulant therapy: comparison
with a laboratory reference standard using clinically relevant
criteria for agreement. Thromb Res 1998; 92:11-17

Cosmi B, Palareti G, Moia M, et al. Accuracy of a portable
prothrombin time monitor (CoaguChek) in patients on
chronic oral anticoagulant therapy: a prospective multi-
center study. Thromb Res 2000; 100:279-286

Earp B, Hambleton |, Spencer F, et al. Accuracy and
precision of the LifeScan INR monitor in anticoagulation
clinics. J Thromb Thrombolysis 2001; 12:109

Oral Anticoagulation Monitoring Study Group. Prothrombin
measurement using a patient self-testing system: Oral Anti-
coagulation Monitoring Study Group. Am ] Clin Pathol
2001; 115:280-287

Oral Anticoagulation Monitoring Study Group. Point-of-
care prothrombin time measurement for professional and
patient self-testing use. Am | Clin Pathol 2001; 115:288-296
Earp B, Hambleton |, Spencer F, et al. Patient self-testing
with the LifeScan INR monitor [abstract]. ] Thromb Throm-
bolysis 2001; 12:109

Andrew M, Marzinotto V, Adams M, et al. Monitoring of
oral anticoagulant therapy in pediatric patients using a new
microsample PT device [abstract]. Blood 1995; 86(suppl):
863a

Cachia PG, McGregor E, Adlakha S, et al. Accuracy and
precision of the TAS analyser for near-patient INR testing
by non-pathology staff in the community. | Clin Pathol 1998;
51:68-72

Murray ET, Greaves M. INRs and point of care testing. BM]
2003; 327:5-6

Jennings I, Luddington R], Baglin T. Evaluation of the Ciba-
Corning Biotrack 512 coagulation monitor for the control of
oral anticoagulation. | Clin Pathol 1991; 44:950-953
McCurdy SA, White RH. Accuracy and precision of a
portable anticoagulation monitor in a clinical setting. Arch
Intern Med 1992; 152:589-592

Tripodi A, Arbini AA, Chantarangkul V, et al. Are capillary
whole blood coagulation monitors suitable for the control of
oral anticoagulant treatment by the international normalized
ratio? Thromb Haemost 1993; 70:921-924

Tripodi A, Chantarangkul V, Clerici M, et al. Determination
of the international sensitivity index of a new near-patient
testing device to monitor oral anticoagulant therapy.
Thromb Haemost 1997; 78:855—858

Perry SL, Samsa GP, Ortel TL. Point-of-care testing of the
international normalized ratio in patients with antiphospho-
lipid antibodies. Thromb Haemost 2005; 94:1196—-1202
Kaatz AA, White RH, Hill J, et al. Accuracy of laboratory
and portable monitor international normalized ratio deter-
minations. Arch Intern Med 1995; 155:1861-1867

Poller L, Keown M, Chauhan N, et al. European concerted
action on anticoagulation: multicentre international sensitiv-
ity index calibration of two types of point-of-care prothrom-

CHEST /133 /6 / JUNE, 2008 SUPPLEMENT  197S

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

bin time monitor systems. Br | Haematol 2002; 116:844—
850

Poller L, Keown M, Chauban N, et al. An assessment of
lyophilised plasmas for ISI calibration of CoaguChek and
TAS whole blood prothrombin time monitors. | Clin Pathol
2003; 56:114-119

Poller L, Keown M, Chauban N, et al. Reliability of
international normalised ratios from two point of care test
systems: comparison with conventional methods. BM] 2003;
327:30-34

Kitchen S, Kitchen DP, Jennings I, et al. Point-of-care
International Normalised Ratios: UK NEQAS experience
demonstrates necessity for proficiency testing of three dif-
ferent monitors. Thromb Haemost 2006; 96:590-596
Ansell JE, Hughes R. Evolving models of warfarin manage-
ment: anticoagulation clinics, patient self-monitoring and
patient self-management. Am Heart | 1996; 132:1095-1100
Erdman S, Vidne B, Levy M]J. A self control method for long
term anticoagulation therapy. | Cardiovasc Surg 1974; 15:
454 -457

Christensen TD. Self-management of oral anticoagulant
therapy: a review. ] Thromb Thrombolysis 2004; 18:127-143
Siebenhofer A, Berghold A, Sawicki PT. A systematic review
of studies of self-management of oral anticoagulation.
Thromb Haemost 2004; 91:225-232

Heneghan C, Alonso-Coello P, Garcia-Alamino JM, et al.
Self-monitoring of oral anticoagulation: a systematic review
and meta-analysis. Lancet 2006; 367:404-411

White RH, McCurdy A, Marensdorff H, et al. Home
prothrombin time monitoring after the initiation of warfarin
therapy: a randomized, prospective study. Ann Intern Med
1989; 111:730-737

Kaatz S, Elston-Lafata ], Gooldy S. Anticoagulation therapy
home and office monitoring evaluation study. ] Thromb
Thrombolysis 2001; 12:111

Sidhu P, O’Kane HO. Self-managed anticoagulation: results
from a two-year prospective randomized trial with heart
valve patients. Ann Thorac Surg 2001; 72:1523-1527
Sunderji R, Gin K, Shalansky K, et al. A randomized trial of
patient self-managed versus physician-managed oral antico-
agulation. Can | Cardiol 2004; 20:1117-1123

Voller H, Glatz ], Taborski U, et al. Self-management of oral
anticoagulation in nonvalvular atrial fibrillation (SMAAF
Study). 7 Kardiol 2005; 94:182—-186

Khan TI, Kamali F, Kesteven P, et al. The value of education
and self-monitoring in the management of warfarin therapy
in older patients with unstable control of anticoagulation.
Br | Haematol 2004; 126:557-564

Matchar DB, Jacobson AK, Edson RG, et al. The impact of
patient self-testing of prothrombin time for managing anti-
coagulation: rationale and design of VA Cooperative Study
481; the Home INR Study (THINRS). | Thromb Throm-
bolysis 2005; 19:163-172

198S

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

Ansell J, Hasenkam JM, Voller H, et al. Guidelines for
implementation of patient self-testing and patient self-
management of oral anticoagulation. Int | Cardiol 2004;
99:37-45

Fitzmaurice DA, Gardiner C, Kitchen S, et al. An evidence-
based review and guidelines for patient self-testing and
management of oral anticoagulation. Br | Haematol 2005;
131:156-165

Muller E, Bergemann R. Economic analysis of bleeding and
thromboembolic sequelae after heart valve replacement
(GELIA 7): the GELIA Study Group. Eur Heart | 2001;
3(suppl):Q65-Q69

Gadisseur APA, Kaptein AA, Breukink-Engbers WGM, et al.
Patient self-management of oral anticoagulant care vs manage-
ment by specialized anticoagulation clinics: positive effects on
quality of life. ] Thromb Haemost 2004; 2:584-591

Regier DA, Sunderji R, Lynd LD, et al. Cost-effectiveness
of self-managed versus physician-managed oral anticoagula-
tion therapy. Can Med Assoc | 2006; 174:1847-1852
Ansell JE. Anticoagulation management as a risk factor for
adverse events: grounds for improvement. ] Thromb Throm-
bolysis 1998; 5(suppl):135-18S

Samsa GP, Matchar DB, Goldstein LB, et al. Quality of
anticoagulation management among patients with atrial
fibrillation: results from a review of medical records from
two communities. Arch Intern Med 2000; 160:967-973
Wilson R, James AH. Computer assisted management of
warfarin treatment. BM] 1984; 289:422-424

Ryan PJ, Gilbert M, Rose PE. Computer control of antico-
agulant dose for therapeutic management. BM] 1989; 299:
1207-1209

Weston Smith SG, Savidge GF. Computer control of anti-
coagulant dose [letter]. BM] 1989; 299:1529

Poller L, Wright D, Rowlands M. Prospective comparative
study of computer programs used for management of war-
farin. J Clin Pathol 1993; 46:299-303

Ageno W, Turpie AGG. A randomized comparison of a
computer-based dosing program with a manual system to
monitor oral anticoagulant therapy [abstract]. ] Thromb
Thrombolysis 1998; 5(suppl):S69

Poller L, Shiach CR, MacCallum P, et al. The European
Concerted Action on Anticoagulation (ECAA): multicentre
randomized study of computerized anticoagulant dosage.
Lancet 1998; 352:1505-1509

Manotti C, Moia M, Palareti G, et al. Effect of computer
aided management on the quality of treatment in anticoag-
ulated patients: a prospective, randomized, multicenter trial
of APROAT. Haematologica 2001; 86:1060-1070

Ageno W, Johnson |, Nowacki B, et al. A computer
generated induction system for hospitalized patients start-
ing on oral anticoagulant therapy. Thromb Haemost 2000;
83:849-852

Antithrombotic and Thrombolytic Therapy 8th Ed: ACCP Guidelines

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians


http://www.chestjournal.org

Pharmacology and Management of the Vitamin K Antagonists:
American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th Edition)

Jack Ansell, Jack Hirsh, Elaine Hylek, Alan Jacobson, Mark Crowther and
Gualtiero Palareti
Chest 2008;133;160-198
DOI 10.1378/chest.08-0670

This information is current as of August 26, 2008

Updated Information Updated information and services, including

& Services high-resolution figures, can be found at:
http://chestjournal.org/cgi/content/full/133/6_suppl/160S

References This article cites 412 articles, 130 of which you can
access for free at:
http://chestjournal.org/cgi/content/full/133/6_suppl/160S#
BIBL

Permissions & Licensing Information about reproducing this article in parts

(figures, tables) or in its entirety can be found online at:
http://chestjournal.org/misc/reprints.shtml

Reprints Information about ordering reprints can be found online:
http://chestjournal.org/misc/reprints.shtml

Email alerting service Receive free email alerts when new articles cite this
article sign up in the box at the top right corner of the
online article.

Images in PowerPoint format Figures that appear in CHEST articles can be
downloaded for teaching purposes in PowerPoint slide
format. See any online article figure for directions.

AMERICAN COLLEGE OF

p H Y S I C I A N S°

Downloaded from chestjournal.org on August 26, 2008
Copyright © 2008 by American College of Chest Physicians



http://chestjournal.org/cgi/content/full/133/6_suppl/160S
http://chestjournal.org/cgi/content/full/133/6_suppl/160S#BIBL
http://chestjournal.org/misc/reprints.shtml
http://chestjournal.org/misc/reprints.shtml
http://www.chestjournal.org

