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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)
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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-

“From Boston University School of Medicine (Dr. Ansell), Boston,
MA; Hamilton Civic Hospitals (Dr. Hirsh), Henderson Research
Centre, Hamilton, ON, Canada; Boston University School of Med-
icine (Dr. Hylek), Boston, MA; Loma Linda VA Medical Center
(Dr. Jacobson), Loma Linda, CA; McMaster University, St. Joseph’s
Hospital (Dr. Crowther), Hamilton, ON, Canada; and University
Hospital S. Orsola-Malpighi (Dr. Palareti), Bologna, Italy.
Manuscript received December 20, 2007.

Reproduction of this article is prohibited without written permission
from the American College of Chest Physicians (www.chestjournal.
org/misc/reprints.shtml).

Correspondence to: Jack Ansell, MD, Department of Medicine,
Lenox Hill Hospital, 100 E 77th St, New York, NY 10075; e-mail:
jansell@lenoxhill.net

DOI: 10.1378/chest.08-0670

www.chestjournal.org

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.?

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,?"-22 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-
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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 (VKORCI). 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)3546-4851 (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 /cgsg, %

CYP2C9 genetic
allelest point
mutation

Ethnic group

White 79-86 8-19.1
Indigenous Canadian 91

African American 98.5

Asian 95-98.3

CYP2C9*2
Cysy44/lcgsg, %

CYP2C9*3
Arg, i /Leugs,, %

CYP2C9*4
Argyy/Thrssg, %

CYP2C9*5
Argy4,/Glugeg, %

6-10 ND ND

6 ND ND

0.5-1.5 ND 2.3
1.7-5 0-1.6% 0

VKORC genetic
Haplotype
Sequence}

H1 CCGATCTCTG
H2 CCGAGCTCTG

H7 TCGGTCCGCA
H8 TAGGTCCGCA

H9 TACGTTCGCG

Ethnic group, %

European 37
African 14
Asian 89

*CYP2C9 and VKORC data from Wittkowsky3? and Rieder et al.*” ND = not determined.
TCYP2C9*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.5>

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-
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rins, which inhibit the cyclic interconversion of vitamin
K6667; 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>8% 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.57:5%
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.1% 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'%3 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.10

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 ISI 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 IS
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.134-139
Accordingly, there has been interest in establishing
the lowest effective therapeutic range.!39-148 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.164165 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!'53154 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,'® 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.19419

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,19
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 al?*? 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 II 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.205-206

Antithrombotic and Thrombolytic Therapy 8th Ed: ACCP Guidelines



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.210:211
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?!5>216
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/keg 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
1VIIa, 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.26
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.?>7-255
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 IST
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’3™ 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 > 5.0.135.139,274.276
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 6172175255308 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.134.135.140.144275.277.317-324 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, 134135140.144277 317324

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, 36139 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!37139338.339 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 al3*® 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.

www.chestjournal.org

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 DVT3# 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?®>-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,35>35¢ incor-
rect calibration of the ISI of the POC instruments,355
the iability to calculate a mean normal PT3% and
inaccuracies in INR determination in patients with an-
tiphospholipid antibodies with certain instruments.>s7 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
al389-391 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.?9>-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!1 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*!' 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.#15419
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.
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