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The American College of Chest Physicians provides recommendations for the use of anticoagulant medications for
several indications that are important in the primary care setting. Warfarin, a vitamin K antagonist, is recommended
for the treatment of venous thromboembolism and for the prevention of stroke in persons with atrial fibrillation,
atrial flutter, or valvular heart disease. When warfarin therapy is initiated for venous thromboembolism, it should
be given the first day, along with a heparin product or fondaparinux. The heparin product or fondaparinux should
be continued for at least five days and until the patient’s international normalized ratio is at least 2.0 for two consecutive days. The international normalized ratio goal and duration of treatment with warfarin vary depending on
indication and risk. Warfarin therapy should be stopped five days before major surgery and restarted 12 to 24 hours
postoperatively. Bridging with low-molecular-weight heparin or other agents is based on balancing the risk of thromboembolism with the risk of bleeding. Increasingly, self-testing is an option for selected patients on warfarin therapy.
The ninth edition of the American College of Chest Physicians guidelines, published in 2012, includes a discussion of
anticoagulants that have gained approval from the U.S. Food and Drug Administration since publication of the eighth
edition in 2008. Dabigatran and apixaban are indicated for the prevention of systemic embolism and stroke in persons
with nonvalvular atrial fibrillation. Rivaroxaban is indicated for the prevention of deep venous thrombosis in patients
undergoing knee or hip replacement surgery, for treatment of deep venous thrombosis and pulmonary embolism,
for reducing the risk of recurrent deep venous thrombosis and pulmonary embolism after initial treatment, and for
prevention of systemic embolism in patients with nonvalvular atrial fibrillation. (Am Fam Physician. 2013;87(8):556566. Copyright © 2013 American Academy of Family Physicians.)
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arfarin (Coumadin), unfractionated heparin, and lowmolecular-weight heparin
(LMWH) are commonly
used for the prevention and treatment of disorders such as systemic embolism associated
with atrial fibrillation, stroke, and venous
thromboembolism (VTE). LMWH allows
for the initiation of anticoagulation therapy
on an outpatient basis.
After decades during which warfarin was
the only oral anticoagulation option, newer
anticoagulants have the potential to change
the management of coagulation disorders.
This article focuses on the indications for
and the goals and duration of anticoagulation therapy; describes methods to initiate
therapy; and provides guidance on monitoring. Most of the recommendations are based

on the American College of Chest Physicians
(ACCP) evidence-based clinical practice
guidelines (Table 1).1
Warfarin, Heparin, and Heparin
Analogues
WARFARIN

The anticoagulant effect of warfarin results
from the inhibition of the cyclic interconversion of vitamin K in the liver. The reduced
form of vitamin K is necessary for the carboxylation of the terminal regions of the
vitamin K proteins, factors II, VII, IX, and
X.1 Without carboxylation, these vitamin
K–dependent clotting factors do not become
activated. Warfarin, similar in structure to
vitamin K, interferes with the cyclic restoration of reduced levels of vitamin K.
Therefore, warfarin indirectly reduces the
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Outpatient Anticoagulation
Table 1. Key Changes in the Ninth Edition of the American College of Chest Physicians Guidelines
on Outpatient Management of Anticoagulation Therapy
Medication

Recommendation

Implication for practice

Dabigatran
(Pradaxa)

Recommended over warfarin (Coumadin) in patients
with nonvalvular atrial fibrillation who do not have
severe renal impairment (grade 2B)

Simplification of anticoagulation management: no need for
frequent dosage adjustments, INR monitoring

LMWH

Outpatients with solid tumors, additional risk factors for
deep venous thrombosis, and low bleeding risk should
receive prophylactic doses of LMWH (grade 2B)

—

Vitamin K

Revised recommendations for treatment of patients
with supratherapeutic INRs who do not have
significant bleeding

Advocating more judicious and conservative use of vitamin K

Caution: no antidote for reversal

For patients with an INR between 4.5 and 10, routine
use of vitamin K is not recommended (grade 2B)
For patients with an INR greater than 10 without
significant bleeding, oral vitamin K is recommended
(grade 2C)
Warfarin

Warfarin therapy at 10 mg daily for two days may
be initiated in healthy outpatients with acute
thromboembolism (grade 2C)

Helps to achieve therapeutic INR sooner and decreases the
number of LMWH doses needed
Patients at high risk of bleeding may be better suited for
traditional dosing
Caution: check INR after two or three doses

If the patient was previously stable on warfarin and
presents with an isolated INR of 0.5 or less above or
below therapeutic range, the current dosage should
be continued and the patient retested in one to two
weeks (grade 2C)

Patients taking the same dose for at least three consecutive
months are considered stable
Physicians have the option of waiting until two consecutive
INRs are outside the desired therapeutic range before
changing the dose in previously stable patients who have not
experienced a change in health, diet, or medication status;
this method has not been associated with increased risk of
bleeding or thromboembolism in observational studies
Minimizes burdens of unnecessary testing and dose adjustment

In previously stable patients with a single INR below
the therapeutic range, routine heparin bridging is not
recommended (grade 2C)

Applies to patients with two previous stable INRs
INRs should be checked in one to two weeks to verify return to
desired range
Bridging may need to be considered in high-risk patients or in
patients with continued subtherapeutic INRs
Minimizing unnecessary heparin bridging will save money and
decrease patient burden

INR should be monitored up to every 12 weeks in
patients who are stable, which is defined as having at
least three months of consistent results with no need
to adjust warfarin dosing (grade 2B)

Substantially lengthening the monitoring interval in stable
patients (from every four weeks to up to every 12 weeks) will
save money and enhance patient quality of life
Candidates for extended monitoring should demonstrate the
ability to be compliant with medication and to recognize the
signs and symptoms of over- and underanticoagulation
Caution: physicians should be alert for health or medication
changes that may warrant more frequent monitoring

Grade 1 recommendations are strong recommendations that can be applied to most patients; grade 2 recommendations are weaker recommendations. Grade A recommendations are supported by high-quality evidence, grade B recommendations are based on randomized clinical trials
with methodological flaws or inconsistent results, and grade C recommendations are based on weaker evidence.
NOTE:

INR = international normalized ratio; LMWH = low-molecular-weight heparin.
Information from reference 1.

synthesis of these clotting factors. The anticoagulant
effects of warfarin are delayed for several days after dosing changes, including therapy initiation. This is because
of the variable half-lives of previously formed circulating
clotting factors. Carboxylation inhibition can also result
in a paradoxical increased risk of clotting when warfarin
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is initiated because of decreased levels of the vitamin K–
dependent anticoagulant proteins C and S.1
Indications. Indications for initiating warfarin are
listed in Table 2.1 In persons with nonvalvular atrial
fibrillation, clinicians often base the decision to start
warfarin or LMWH on clinical risk estimates, such as the
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Table 2. Indications for and Goals and Duration of Warfarin Therapy
Indication
(ACCP recommendation grade)

Target INR (range)

Duration of therapy (ACCP recommendation grade)

2.5 (2.0 to 3.0)

First episode of proximal DVT or PE due to surgery

DVT of the leg or PE*
First episode (1B)

3 months recommended over short-term use (1B), longer use (1B), or
extended therapy (1B)
First episode of proximal DVT or PE due to a reversible risk factor
3 months preferred over short-term use (1B), longer use (1B), or
extended therapy (1B or 2B, depending on bleeding risk†)
First episode of distal DVT due to surgery or a reversible risk factor
3 months preferred over short-term use (2C), longer use (1B), or
extended therapy (1B)
First episode of idiopathic proximal DVT or PE
Low or moderate bleeding risk†: extended use recommended over
3 months (2B); high bleeding risk†: 3 months recommended over
extended use (1B for DVT; 1B for PE)
First episode of idiopathic distal DVT
3 months recommended over extended use (1B or 2B, depending on
bleeding risk†)
Cancer (1B)

2.5 (2.0 to 3.0)

Active cancer and PE
Low-molecular-weight heparin preferred over warfarin (Coumadin)
Extended use recommended (1B or 2B, depending on bleeding risk†)

Antiphospholipid antibody (2B)

2.5 (2.0 to 3.0)

Antiphospholipid antibody and history of arterial or venous thrombosis
Extended use with target INR of 2.5 recommended over higher range
of 3.0 to 4.5 (2B)

Second episode (1B)

2.5 (2.0 to 3.0)

Two episodes of unprovoked DVT or PE
Low (1B) or moderate bleeding risk†: extended therapy (2B)
High bleeding risk†: 3 months (2B)

Atrial fibrillation or flutter
Intermediate‡ to high§
risk of stroke|| (1B)

2.5 (2.0 to 3.0)

Indefinite

Elective cardioversion (1B)

2.5 (2.0 to 3.0)

3 weeks before if scheduled and for 4 weeks after conversion (1B/2C)

Mitral stenosis (1B)

2.5 (2.0 to 3.0)

Indefinite

After stent placement and high
risk of stroke (2C)

2.5 (2.0 to 3.0)

Bare-metal stent (1 month) and drug-eluting stent (3 to 6 months) as
triple therapy with clopidogrel (Plavix) and aspirin (2C)
After initial triple therapy, continue warfarin and a single antiplatelet
agent until 12 months after stent placement (2C)
After 12 months: warfarin alone (2C)

Coronary heart disease
High-risk patients with
myocardial infarction without a
stent¶ (1B)

2.5 (2.0 to 3.0) with
low-dose aspirin,
75 to 100 mg daily

3 months

High-risk patients with
myocardial infarction and after
stent placement¶ (2C)

2.5 (2.0 to 3.0)

Bare-metal stent: triple therapy with warfarin, low-dose aspirin,
and clopidogrel in month 1; combination of warfarin with single
antiplatelet agent in months 2 and 3
Drug-eluting stent: triple therapy with warfarin, low-dose aspirin, and
clopidogrel for 3 to 6 months

Valvular heart disease
Rheumatic mitral valve disease
(1A if with atrial fibrillation or a
history of systemic embolism;
1A if history of atrial thrombus;
2C if normal sinus rhythm and
atrial diameter > 55 mm)

2.5 (2.0 to 3.0)

Long-term

continued

Outpatient Anticoagulation
Table 2. Indications for and Goals and Duration of Warfarin Therapy (continued)
Indication
(ACCP recommendation grade)

Target INR (range)

Duration of therapy (ACCP recommendation grade)

Mechanical prosthetic heart
valves (aortic position [2C over
low-range INR and 1B over
high-range INR]; mitral position
[2C over low-range INR])

Bileaflet or tilting-disk
valves: 2.5 (2.0 to 3.0)
in the aortic position,
and 3.0 (2.5 to 3.5) in
the mitral position

Long-term

Bioprosthetic valves in the mitral
position (2C)

2.5 (2.0 to 3.0)

3 months after insertion

Valvular heart disease (continued)
Recommended to use aspirin, 50 to 100 mg daily, with mechanical aortic
or mitral valve and low bleeding risk

Prevention of venous thromboembolism for orthopedic surgery
Elective total hip or knee
replacement and hip fracture
surgery (1B)

2.5 (2.0 to 3.0)

10 to 14 days minimum (1B)
35 days for major orthopedic surgery (2B)
Warfarin is second-line agent to low-molecular-weight heparin for total
hip or total knee arthroplasty (2C)

NOTE: Grade

1 recommendations are strong recommendations that can be applied to most patients; grade 2 recommendations are weaker recommendations. Grade A recommendations are supported by high-quality evidence, grade B recommendations are based on randomized clinical trials
with methodological flaws or inconsistent results, and grade C recommendations are based on weaker evidence.
ACCP = American College of Chest Physicians; CHADS2 = congestive heart failure, hypertension, age ≥ 75 years, diabetes mellitus, prior ischemic
stroke or transient ischemic attack (doubled); DVT = deep venous thrombosis; INR = international normalized ratio; PE = pulmonary embolism.
*—Recommendation to start warfarin on first day of treatment with a parenteral anticoagulant (unfractionated or low-molecular-weight heparin,
or fondaparinux [Arixtra]); 1B.
†—Risk factors that increase a patient’s bleeding risk include advanced age, active gastric or duodenal ulcer, recent gastrointestinal bleeding, history of
stroke, myocardial infarction, diabetes, and several laboratory abnormalities (e.g., elevated creatinine level, low platelet count, low hematocrit level).
‡—Defined as CHADS2 score of 1.
§—Defined as CHADS2 score of 2 or greater.
||—Of note, in patients with a CHADS2 score of 0, aspirin (75 to 325 mg daily) is recommended as an option; 2B.
¶—Patients with large anterior wall myocardial infarction who have left ventricular thrombus or who are at high risk of left ventricular thrombus
(ejection fraction < 40 percent or anteroapical wall motion abnormality); 1B.
Information from reference 1.

CHADS2 score, which assigns one point each for congestive heart failure, hypertension, age 75 years and older,
and diabetes mellitus, and two points for prior ischemic
stroke or transient ischemic attack.1 For persons with a
CHADS2 score of 2 or higher, the ACCP guidelines recommend oral anticoagulation, and for persons with a
score of 1, the guidelines recommend individualization
of therapy and suggest oral anticoagulation rather than a
combination of aspirin and clopidogrel (Plavix).1
Dosing. Patients on warfarin therapy should be treated
using a systematic process to optimize effectiveness and
minimize adverse effects. Health care professionals skilled
in the initiation and assessment of therapy and adjustments in dosing can dramatically influence outcomes.2,3
When warfarin is initiated, the international normalized ratio (INR) may begin to respond after two to three
days because of the depletion of factor VII. During this
initial period, the patient can enter a hypercoagulable
state caused by warfarin’s effects on proteins C and S.1
Heparin or LMWH should be administered with warfarin initiation and continued until the INR has been in the
targeted therapeutic range for a minimum of 24 hours.
April 15, 2013
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Initial dosing of warfarin can vary depending on individual patient factors (e.g., age, bleeding risk, medication
compliance history) and anticipated drug interactions.
In most patients, warfarin should be initiated as a maintenance dosage of 5 mg daily. Older patients and persons
with liver disease, poor nutritional status, or heart failure
may require lower initiation dosages.1 For persons who
are healthy enough to be treated as outpatients, the ACCP
guidelines provide an alternative warfarin initiation dosage of 10 mg daily for the first two days of therapy, rather
than the anticipated maintenance dosage.1
After baseline INR is determined, the next INR can
be obtained after the patient has received two or three
doses. Then, the frequency of INR monitoring decreases
to twice weekly until the INR is within the therapeutic range, then weekly, every other week, and finally
monthly.1 The ACCP guidelines allow clinicians to consider INR monitoring up to every 12 weeks in patients
who are stable (defined as having at least three months
of consistent results with no need to adjust warfarin
dosing). If a patient’s INR becomes subtherapeutic or
supratherapeutic, the frequency of monitoring should
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Table 3. Management of Supratherapeutic INRs in Patients Without Significant Bleeding
INR

Management

Vitamin K dosing

Greater than
goal INR,
but < 4.5

Option 1: Decrease or hold dosage, increase frequency of monitoring, and resume at lower dosage
once INR is within the therapeutic range

Not applicable

4.5 to 10

Hold next one or two doses, increase frequency of monitoring, and resume at lower dosage once
INR is within the therapeutic range

Option 2: May continue current dosage if INR is minimally elevated (0.5 or less above therapeutic
range in a previously stable patient; grade 2C)
Not applicable

No vitamin K (grade 2B)
> 10

Hold warfarin (Coumadin) and administer vitamin K (grade 2C), increase frequency of monitoring,
repeat vitamin K as necessary, and resume warfarin at an appropriate dosage when INR is within
the therapeutic range

2.5 to 5 mg orally
as one dose

Grade 1 recommendations are strong recommendations that can be applied to most patients; grade 2 recommendations are weaker recommendations. Grade A recommendations are supported by high-quality evidence, grade B recommendations are based on randomized clinical trials
with methodological flaws or inconsistent results, and grade C recommendations are based on weaker evidence.
NOTE:

INR = international normalized ratio.
Information from reference 1.

be increased until it stabilizes again. The ACCP provides
recommendations for managing supratherapeutic INRs
(Table 3).1
Patients taking warfarin in the evening can adjust
their dosing based on that day’s INR results. If the INR
is not within the desired therapeutic range after excluding explanatory factors, a 5 to 20 percent increase or
decrease in the total weekly dosage is required.4-6 Patients
should be provided with the simplest regimen to achieve
the new total weekly dosage.
Drug, Food, and Disease State Interactions. Warfarin
is subject to many drug-drug, drug-food, and drug–
disease state interactions. eTable A lists selected drugdrug interactions that are considered highly likely to
potentiate or inhibit the effects of warfarin.
Some medications, such as amiodarone and rifampin,
can impact a patient’s INR long after the medication
is discontinued.1,7,8 A patient taking a medication with
higher interaction potential, such as metronidazole
(Flagyl), should be monitored more frequently.9 Depending on the patient and the medication, a prophylactic
reduction in warfarin dosage may also be advised.
Foods with high vitamin K concentrations, such as leafy
green vegetables, have the potential to partially reverse
the anticoagulation effects of warfarin.8 A consistent diet
is more important than limiting dietary vitamin K.1
Medical conditions such as diarrhea, heart failure,
fever, hyperthyroidism, and liver disease can potentiate
warfarin’s effects. Conversely, conditions such as hypothyroidism can decrease the expected effects of warfarin.1 Genetic factors can predispose patients to reduced
warfarin requirements, as well as warfarin resistance.
Although there is a small subset of patients who may have
unexpected responses to warfarin, it is not currently recommended that patients undergo genetic testing.1
560 American Family Physician

UNFRACTIONATED HEPARIN

Unfractionated heparin is a mixture of glycosaminoglycans that works by binding to antithrombin to inactivate
thrombin (factor IIa) and factor Xa.1 It also prevents the
growth and potential propagation of clots. Considerations
for parenteral medications are provided in eTable B.
Beyond increased bleeding risk, unfractionated heparin is associated with other adverse effects, such as
heparin-induced thrombocytopenia. Heparin-induced
throm
bo
c ytopenia should be suspected if a patient’s
platelet count decreases by at least 50 percent, or is less
than 150 × 103 per µL after initiation of heparin. This
generally occurs five to 14 days after initiation, and can
occur after heparin is discontinued.
LOW-MOLECULAR-WEIGHT HEPARIN

Two LMWHs, dalteparin (Fragmin) and enoxaparin (Lovenox), are commonly used in clinical practice.
LMWH is derived from unfractionated heparin and has
an increased affinity for factor Xa relative to thrombin.1
LMWH, which is given subcutaneously, has predictable
absorption and degree of anticoagulation. Monitoring
with measurement of anti–factor Xa levels is not routinely recommended, but is potentially useful in certain
situations in which predictability of the degree of anticoagulation may be altered, such as changes in pharmacokinetics and pharmacodynamics (e.g., obesity, pregnancy)
and accumulation (e.g., older age, kidney disease). In
the outpatient setting, the usefulness of laboratory testing is limited to the assessment of bleeding events and
therapeutic failures. It may also be of value to assess levels infrequently during the course of long-term therapy
(i.e., when LMWH is used for more than just bridging
therapy). Although LMWH has a similar bleeding risk
and lower heparin-induced thrombocytopenia risk
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compared with unfractionated heparin, a patient with
a history of heparin-induced thrombocytopenia should
not take LMWH.1

on the medical history and surgical procedure, and risk
of bleeding when determining what is optimal in persons
in this moderate-risk category.

FONDAPARINUX

Newer Anticoagulants
The effectiveness of warfarin is well-established; however, it is a suboptimal anticoagulant because it requires
frequent monitoring and dosage adjustments, and
because of its potential for multiple drug-drug, drugfood, and drug–disease state interactions. It has a lengthy
half-life and a delayed anticoagulant effect, and it often
requires bridging therapy.
Since the approval of warfarin in 1954, no other oral
option existed for patients who needed long-term anticoagulation therapy. This changed in 2010 with the U.S.
Food and Drug Administration (FDA) approval of the
oral direct thrombin inhibitor dabigatran (Pradaxa), in
2011 with the FDA approval of the oral direct factor Xa
inhibitor rivaroxaban (Xarelto), and again in 2012 with
the FDA approval of the oral factor Xa inhibitor apixaban (Eliquis). Characteristics of these anticoagulants are
provided in Tables 4 and 5.10-19

Fondaparinux (Arixtra) is a synthetic analogue of heparin. Unlike LMWH, fondaparinux is specific only to factor Xa and has no effect on thrombin formation. Like
LMWH, fondaparinux is given subcutaneously and has
predictable absorption and degree of anticoagulation.
The ACCP guidelines recommend fondaparinux for
general surgical prophylaxis in patients who have contraindications to LMWH.1
There are few data on the monitoring of fondaparinux.
Anti–factor Xa levels can be used as long as fondaparinux
(and not LMWH) is the reference standard in the assay.1
Although the bleeding risk is similar to unfractionated
heparin and LMWH, there is little heparin-induced
thrombocytopenia risk with fondaparinux.
Bridging Unfractionated Heparin, LMWH, or
Fondaparinux to Warfarin
In the treatment of VTE and pulmonary embolism, the
parenteral anticoagulant should be overlapped with warfarin for a minimum of five days. In most cases, warfarin can be initiated on day 1, after the first dose of the
parenteral agent has been given. Warfarin should not be
initiated alone, and the parenteral anticoagulant should
not be discontinued until the INR is in the therapeutic
range for two consecutive days.
Depending on the patient’s risk of thromboembolism
and bleeding, bridging should occur when a patient’s
oral anticoagulation therapy needs to be interrupted
(eTable C). Interruption is common in patients undergoing surgery. For most persons who are not having a minor
procedure, warfarin will be stopped approximately five
days before surgery and restarted 12 to 24 hours postoperatively. LMWH should be restarted approximately
24 hours after the procedure, and it may be prudent to
wait 48 to 72 hours before resuming the medication for
patients at high risk of bleeding or who are undergoing
major surgery.1 Fondaparinux is not recommended for
this indication.
For all warfarin indications, perioperative bridging is
not indicated in patients at low risk of thromboembolism.1 For patients with a high risk of thromboembolism,
bridging with a therapeutic dose of unfractionated heparin or LMWH is indicated.1 The ACCP guidelines are less
clear about how patients with a moderate risk of thromboembolism should be treated.1 Clinicians need to balance the individual’s risk of thromboembolism, based
April 15, 2013
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DABIGATRAN

Dabigatran is available as a fixed-dose medication for the
prevention of systemic embolism and stroke in patients
with nonvalvular atrial fibrillation.13 The ACCP guidelines recommend dabigatran, 150 mg twice daily, over
warfarin for this indication when dosed appropriately for
the patient’s renal function.1 Dabigatran does not require
monitoring, dosage adjustments, or overlap with injectable anticoagulants such as heparin. Without applicable
laboratory monitoring, there is no mechanism to establish if a patient’s INR is subtherapeutic or supratherapeutic. If the patient’s INR is supratherapeutic, there is
no antidote for reversal. This can be problematic when
determining the appropriate management in a patient
who needs emergent surgery. The short half-life is potentially challenging when assessing the impact of noncompliance or missing the second daily dose. Limited data
are available for patients with hepatic impairment and
for patients who are obese. Thus, it is not acceptable to
automatically consider all patients taking warfarin to be
good candidates for dabigatran.
Adverse effects of dabigatran, 150 mg twice daily, compared with warfarin include dyspepsia (11.3 versus 5.8
percent; P < .001) and major gastrointestinal bleeding
(1.51 versus 1.02 percent; P < .001). Dabigatran’s safety
profile needs further evaluation.13
Elevated transaminase levels in the Randomized Evaluation of Long-term Anticoagulation Therapy trial were
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Table 4. Characteristics of Newer Oral Anticoagulants
Characteristic

Apixaban (Eliquis)

Dabigatran (Pradaxa)

Mechanism of action

Direct factor Xa inhibitor

Direct thrombin inhibitor

FDA boxed warning/
contraindications

FDA boxed warning: increased risk of stroke in patients with
nonvalvular atrial fibrillation who discontinue apixaban without
adequate continuous anticoagulation
Contraindications: active pathological bleeding; history of
serious hypersensitivity reaction to apixaban
Use not recommended in patients with prosthetic heart valves or
severe hepatic impairment; pregnant or breastfeeding patients

Contraindications: active pathological bleeding;
history of serious hypersensitivity reaction to
dabigatran; mechanical prosthetic heart valve
Use not recommended in patients with
bioprosthetic heart valves; pregnant or
breastfeeding patients

Indications

Reduce risk of stroke and systemic embolism in patients with
nonvalvular atrial fibrillation

Reduce risk of stroke and systemic embolism in
patients with nonvalvular atrial fibrillation

Usual dosage

5 mg twice daily
2.5 mg twice daily if patient has at least 2 of the following:
age 80 years or older, body weight of 132 lb (60 kg) or less,
or serum creatinine level of 1.5 mg per dL or higher
No data for patients on dialysis or with CrCl < 15 mL/min/
1.73 m2 or patients with moderate hepatic impairment
Not recommended for patients with severe hepatic impairment
2.5 mg twice daily if patient is on a strong dual inhibitor of
CYP3A4 and P-glycoprotein (e.g., ketoconazole, itraconazole
[Sporanox], ritonavir [Norvir], clarithromycin [Biaxin]); avoid use
of these drugs if patient is already taking 2.5 mg twice daily

150 mg twice daily
CrCl 30 to 50 mL/min/1.73 m2 and concurrent use
of dronedarone (Multaq) or systemic ketoconazole:
decrease dosage to 75 mg twice daily
CrCl 15 to 30 mL/min/1.73 m2: decrease dosage to
75 mg twice daily
CrCl < 30 mL/min/1.73 m2 and concurrent use of
a P-glycoprotein inhibitor: avoid use
CrCl < 15 mL/min/1.73 m2: avoid use
No data for patients on dialysis

Half-life

12 hours (with repeat dosing)

12 to 17 hours

Monitoring

None recommended

None recommended

Antidote

None available

None available

Drug interactions

See “usual dosage” for dose modification information
Avoid use of strong dual inhibitor of CYP3A4 and P-glycoprotein
in patients taking apixaban, 2.5 mg twice daily
Avoid use of strong dual inducer of CYP3A4 and P-glycoprotein
(e.g., carbamazepine [Tegretol], phenytoin [Dilantin],
rifampin, St. John’s wort)
Increased bleeding risk with certain medications (e.g.,
clopidogrel [Plavix], nonsteroidal anti-inflammatory drugs)

See “usual dosage” for dose modification
information
Avoid concurrent use with P-glycoprotein inducers
(e.g., rifampin)
Evaluate P-glycoprotein inhibitors individually*
Increased bleeding risk with certain medications
(e.g., clopidogrel, nonsteroidal anti-inflammatory
drugs)

Adverse effects

Bleeding

Bleeding, dyspepsia

Impact of renal
impairment

See “usual dosage” for dose modification information

See “usual dosage” for dose modification
information

Impact of hepatic
impairment

See “usual dosage” for dose modification information
Dosing recommendations for patients with moderate hepatic
impairment are not available

No specific recommendations are made regarding
hepatic impairment
Limited information in this population

Comments

No objective way to monitor nonadherence
Refer to package labeling for information on conversion from
or to warfarin (Coumadin) or parenteral anticoagulants, and
on intervention for surgery

Do not chew, break, open capsules; capsules
must be dispensed in original container and not
repackaged because of sensitivity to moisture
No objective way to measure nonadherence
Need more information about use in patients under
and over ideal body weight
Refer to package labeling for information on
conversion from or to warfarin or parenteral
anticoagulants, and on intervention for surgery

CrCl = creatinine clearance; CYP3A4 = cytochrome P450 3A4; DVT = deep venous thrombosis; FDA = U.S. Food and Drug Administration.
*—Amiodarone, clarithromycin, quinidine, and verapamil have been evaluated with dabigatran and do not require a dabigatran dosage
adjustment, but should be used concurrently with caution. Other P-glycoprotein inhibitors should be evaluated on an individual basis.
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Rivaroxaban (Xarelto)
Direct factor Xa inhibitor
FDA boxed warning: increased risk of thrombotic events in patients with nonvalvular
atrial fibrillation who discontinue rivaroxaban without adequate continuous
anticoagulation; risk of epidural/spinal hematoma in patients receiving neuraxial
anesthesia or in patients undergoing spinal puncture while taking rivaroxaban
Contraindications: active pathological bleeding; history of severe hypersensitivity
reaction to rivaroxaban
Use not recommended in pregnant or breastfeeding patients
Prevent DVT in patients undergoing knee or hip replacement surgery
Reduce risk of stroke and systemic embolism in patients with nonvalvular atrial fibrillation
Treat DVT and pulmonary embolism
Reduce risk of recurrent DVT and pulmonary embolism after initial treatment
DVT prophylaxis: 10 mg once daily
DVT prophylaxis and CrCl < 30 mL/min/1.73 m2: avoid use
Prevent stroke in patients with nonvalvular atrial fibrillation: 20 mg once daily
Prevent stroke in patients with nonvalvular atrial fibrillation and CrCl 15 to 50 mL/
min/1.73 m2: 15 mg once daily
Prevent stroke in patients with nonvalvular atrial fibrillation and CrCl < 15 mL/min/
1.73 m2: avoid use
Treat DVT and pulmonary embolism or reduce risk of future DVT and pulmonary
embolism after initial treatment: 15 mg twice daily with food for 21 days, then
20 mg once daily for the remainder of the treatment interval (six months total) or
for long-term risk reduction; avoid in patients with CrCl < 30 mL/min/1.73 m2
5 to 9 hours
None recommended
None available
See “usual dosage” for dose modification information
Avoid with combined P-glycoprotein inhibitor and CYP3A4 inhibitor
(e.g., ketoconazole, itraconazole, ritonavir, conivaptan [Vaprisol])
Avoid with combined P-glycoprotein inducer and CYP3A4 inducer
(e.g., carbamazepine, phenytoin, rifampin, St. John’s wort)
Increased bleeding risk with certain medications (e.g., clopidogrel, nonsteroidal
anti-inflammatory drugs)
Bleeding
See “usual dosage” for dose modification information
Note differences in recommendation for dosage adjustments in renal impairment
based on indication
Avoid if moderate (Child-Pugh class B) or severe (Child-Pugh class C) hepatic
impairment or with any hepatic disease associated with coagulopathy
Rivaroxaban should be stopped 24 hours before major surgery
DVT prophylaxis
The first dose should be initiated 6 to 10 hours after surgery
Recommended duration of therapy is 12 days for total knee replacement and
35 days for total hip replacement
Prevent stroke in patients with atrial fibrillation
When transitioning from warfarin to rivaroxaban, give first dose of rivaroxaban
when the international normalized ratio is less than 3

Information from references 10 through 19.
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comparable to those seen with warfarin,
and routine liver function test monitoring is not recommended.11,13 Because of
the effects of renal function on dabigatran,
baseline and periodic renal function monitoring are recommended.
RIVAROXABAN

Rivaroxaban is indicated for prevention of
deep venous thrombosis in patients undergoing knee or hip replacement surgery, for
treatment of deep venous thrombosis and
pulmonary embolism, for reducing the
risk of recurrent deep venous thrombosis and pulmonary embolism after initial
treatment, and for prevention of systemic
embolism in patients with nonvalvular
atrial fibrillation. It is expected to prolong
the activated partial thromboplastin time
and increase anti–factor Xa levels; however, the usefulness of monitoring has not
been established. In four trials evaluating
the role of rivaroxaban in the prevention
of VTE in patients undergoing orthopedic
surgery, rivaroxaban significantly reduced
the primary outcome (total VTE and allcause mortality) compared with enoxaparin, without significantly increasing
bleeding risk.14-19 In the ROCKET AF trial,
rivaroxaban was shown to be noninferior
to warfarin for the prevention of stroke or
systemic embolism in patients with nonvalvular atrial fibrillation.19 An important
consideration in this trial is that in the warfarin arm, the time in therapeutic range was
55 percent, which is less than what is typically reported by anticoagulation clinics.
Rivaroxaban has been studied for the treatment of acute coronary syndromes. Similar
to dabigatran, baseline and periodic renal
function monitoring are recommended.
APIXABAN

Similar to dabigatran, apixaban is also indicated for the prevention of systemic embolism and stroke in patients with nonvalvular
atrial fibrillation. In the ARISTOTLE and
AVERROES trials, apixaban reduced the
primary outcome of ischemic stroke,
hemorrhagic stroke, and systemic embolism compared with warfarin and aspirin,
American Family Physician 563
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Table 5. Comparison of Newer Oral Anticoagulants with Enoxaparin and Warfarin
Component

Apixaban (Eliquis) vs. warfarin (Coumadin)

Dabigatran (Pradaxa) vs. warfarin (Coumadin)

Advantages

Fixed dose

Fixed dose

Fewer drug and food interactions

Fewer drug and food interactions

No laboratory monitoring necessary

No laboratory monitoring necessary

Lower bleeding risk compared with warfarin
Disadvantages

Lack of long-term safety/effectiveness data
No antidote

Lack of long-term safety/effectiveness data (e.g., dyspepsia,
hepatotoxicity, myocardial infarction)

No test for effectiveness or toxicity

No antidote

Renal dosing

No test for effectiveness or toxicity

Twice-daily administration

Packaging does not allow redistribution to pill boxes

U.S. Food and Drug Administration boxed warning for
increased risk of thrombotic events when apixaban
discontinued in patients with nonvalvular atrial
fibrillation

Renal dosing
Twice-daily administration
Underweight patients and those with renal impairment
may be at increased bleeding risk

Underweight patients and those with renal impairment
may be at increased bleeding risk
Clinical application

By alleviating the need for frequent dose titrations and
laboratory monitoring, especially with therapy initiation
and new drug additions or deletions, apixaban possesses
key clinical advantages compared with warfarin

By alleviating the need for frequent dose titrations and
laboratory monitoring, especially with therapy initiation
and new drug additions or deletions, dabigatran possesses
key clinical advantages compared with warfarin

Warfarin’s predictable adverse effect profile, once-daily
administration, reversibility with vitamin K, and ability
to be monitored for sub- and supratherapeutic dosing
provide reassurance for the clinician

Warfarin’s predictable adverse effect profile, once-daily
administration, reversibility with vitamin K, and ability
to be monitored for sub- and supratherapeutic dosing
provide reassurance for the clinician

Information from references 10 through 19.

SORT: KEY RECOMMENDATIONS FOR PRACTICE
Evidence
rating

References

Patients taking warfarin (Coumadin) should be treated using systematic processes of care to optimize
effectiveness and minimize adverse effects. Health care professionals skilled in the initiation and
assessment of therapy and dosing adjustments can dramatically influence outcomes.

B

2, 3

In patients with atrial fibrillation and at least one other risk factor for stroke, newer agents (rivaroxaban
[Xarelto] and dabigatran [Pradaxa]) that do not require frequent laboratory monitoring are as effective as
warfarin for prevention of stroke or systemic embolism and have comparable risks of major bleeding.

A

11-19

Compared with usual clinic-based care, patient self-testing for international normalized ratios, with or
without self-dosing of warfarin, is associated with significantly fewer deaths and thromboembolic
complications without any increase in bleeding complications for a selected group of motivated patients
who have completed appropriate training.

A

22-25

Clinical recommendation

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-oriented
evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, go to http://www.aafp.org/afpsort.xml.

respectively. There were also lower mortality rates in the
apixaban group in both trials and a lower major bleeding
rate in the apixaban group compared with warfarin in the
ARISTOTLE trial.20,21
Five oral direct factor Xa inhibitors (i.e., betrixaban,
TAK-442, darexaban, otamixaban, and edoxaban) are
being assessed.18 AZD0837, which is comparable to dabigatran, and tecarfarin, which is similar to warfarin, are
also under investigation.18
564 American Family Physician

Patient Self-Testing
Point-of-care monitors are typically used in primary
care and anticoagulation clinics and have several advantages, including rapid INR acquisition and interpretation. These monitors make it possible for patients to
check their INRs at home, which is referred to as patient
self-testing. Reassuring data exist for the effective use of
patient self-testing in selected patients who demonstrate
monitor competency. Decreased mortality, enhanced
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Rivaroxaban (Xarelto) vs. warfarin (Coumadin)

Rivaroxaban (Xarelto) vs. enoxaparin (Lovenox)

Fixed dose

Oral route of administration

Fewer drug and food interactions

At least as effective and possibly superior at reducing total
venous thromboembolism without increasing major
bleeding risk

No laboratory monitoring necessary

Lack of long-term safety/effectiveness data
No antidote

Lack of long-term safety/effectiveness data
(e.g., hepatotoxicity)

No test for effectiveness or toxicity

No antidote

Renal dosing

No test for effectiveness or toxicity

Noncompliance with medication potentially more harmful

Cannot use in patients with moderate or severe hepatic
impairment

U.S. Food and Drug Administration boxed warning for increased risk
of thrombotic events when rivaroxaban discontinued in patients with
nonvalvular atrial fibrillation

More drug interactions

Underweight patients and those with renal impairment may be at increased
bleeding risk
By alleviating the need for frequent dose titrations and laboratory monitoring,
especially with therapy initiation and new drug additions or deletions,
rivaroxaban possesses key clinical advantages compared with warfarin

Oral administration makes it easier to allow for longer
duration of deep venous thrombosis prophylaxis in
patients undergoing orthopedic surgery

Warfarin’s predictable adverse effect profile, once-daily administration, relatively
longer half-life, reversibility with vitamin K, and ability to be monitored for
sub- and supratherapeutic dosing provide reassurance for the clinician

INR control, decreased thromboembolic events, and
an improvement in patient satisfaction and quality of
life have been demonstrated with patient self-testing,
all without an increase in bleeding complications.22-24
In 2008, the Centers for Medicare and Medicaid Services expanded its patient self-testing coverage, 25 which
is outlined in eTable D. The cost of patient self-testing,
which is similar to the cost of newer oral anticoagulants,
can be significant without reimbursement; however,
self-testing is not appropriate for all patients on warfarin therapy22-24 (eTable D).
Data Sources: A PubMed search was completed in Clinical Queries
using the key terms outpatient, anticoagulation, warfarin, dabigatran,
rivaroxaban, heparin, low-molecular-weight heparin, dalteparin, enoxaparin, patient self-monitor, and INR. The search included meta-analyses,
randomized controlled trials, clinical trials, clinical guidelines, and
reviews. Also searched were the National Guideline Clearinghouse database, Essential Evidence Plus, UpToDate, the Cochrane database, and
the Agency for Healthcare Research and Quality Clinical Guidelines and
Evidence Reports. Search date: August 10, 2012.
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eTable A. Selected Warfarin Drug-Drug Interactions
Potentiate the effects
of warfarin (Coumadin)*

Potentiate the effects
of warfarin* (continued)

Antimicrobials

Complementary and alternative medicine
products

Ciprofloxacin (Cipro)
Clarithromycin (Biaxin)

Cranberry juice

Erythromycin

Danshen

Isoniazid

Fish oil

Metronidazole (Flagyl)

Ginkgo biloba

Triazole antifungals

Red yeast rice

Trimethoprim/sulfamethoxazole
(Bactrim, Septra)
Cardiovascular

Miscellaneous
Acetaminophen (dosages ≥ 1.3 g daily)

Decrease the effects of warfarin
Antimicrobials
Griseofulvin
Rifampin
Central nervous system drugs
Barbiturates
Carbamazepine (Tegretol)
Chlordiazepoxide (Librium)
Trazodone
Complementary and alternative medicine
products

Alcohol (acute ingestion)

American ginseng

Amiodarone

Cimetidine (Tagamet)

Coenzyme Q10

Diltiazem

Corticosteroids†

Fibric acid derivatives

Levothyroxine

Propafenone (Rythmol)

Omeprazole (Prilosec)

Cholestyramine (Questran)

Statins

Paroxetine (Paxil)

Corticosteroids†

Phenytoin (Dilantin)†

Mercaptopurine

St. John’s wort
Miscellaneous

Phenytoin†
*—Multiple medications increase bleeding risk because of antiplatelet activity (e.g., aspirin, salicylates, nonsteroidal anti-inflammatory drugs, heparin).
†—Corticosteroids and phenytoin have variable effects on international normalized ratio.
Information from:
Antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest Physicians evidence-based clinical practice guidelines.
Chest. 2012;141(suppl 2).
Thi L, Shaw D, Bird J. Warfarin potentiation: a review of the “FAB-4” significant drug interactions. Consult Pharm. 2009;24(3):227-230.
Shirolkar SC, Fiuzat M, Becker RC. Dronedarone and vitamin K antagonists: a review of drug-drug interactions. Am Heart J. 2010;160(4):577-582.
Krajewski KC. Inability to achieve a therapeutic INR value while on concurrent warfarin and rifampin. J Clin Pharmacol. 2010;50(6):710-713.
Nutescu E, Chuatrisorn I, Hellenbart E. Drug and dietary interactions of warfarin and novel oral anticoagulants: an update. J Thromb Thrombolysis.
2011;31(3):326-343.

Downloaded from the American Family Physician website at www.aafp.org/afp. Copyright © 2013 American Academy of Family Physicians. For the private, noncommercial use
◆ Volume 87, Number 8
April 15, of
2013
www.aafp.org/afp
 for copyright questions and/or
American
Family
Physician 566A
one individual
user of the website. All other rights reserved. Contact
copyrights@aafp.org
permission
requests.

Outpatient Anticoagulation

eTable B. Unfractionated Heparin, LMWH, and Fondaparinux for Outpatient Treatment of Venous
Thromboembolism in Adults

Dosage

Dosage adjustment in patients
with renal impairment

Half-life

Reversibility

Monitoring

0.5 to
2 hours

Protamine

Activated partial thromboplastin
time or anti–factor Xa levels

Unfractionated heparin*†
333 units per kg SC first
dose, followed by 250 units
per kg SC twice daily

No adjustment

Unfractionated heparin can be
monitored using the activated
partial thromboplastin time with
an institution-specific goal range or
with anti–factor Xa levels, typically
using a goal of 0.3 to 0.7 IU per mL

LMWH*
Enoxaparin (Lovenox)
1 mg per kg SC every
12 hours or 1.5 mg per kg
SC every 24 hours†
Dalteparin (Fragmin)†
200 units per kg SC once
daily
Tinzaparin (Innohep)
175 anti–factor Xa IU per kg
SC once daily for ≥ 6 days

1 mg per kg SC every 24 hours if CrCl
< 30 mL/min/1.73 m2

3 to 6 hours

NA

Use with caution and monitor anti–
factor Xa levels in patients with CrCl
< 30 mL/min/1.73 m2

3 to 5 hours

NA

Contraindicated in persons 90 years
and older with CrCl ≤ 60 mL/
min/1.73 m2

3 to 4 hours

NA

18 hours

NA

Anti–factor Xa levels in selected
patients
A peak level (4 hours after the dose
is given) can be measured, with
a goal of 0.6 to 1 unit per mL for
twice-daily enoxaparin and 1.05
units per mL for dalteparin

Use with caution and monitor anti–
factor Xa levels in patients with CrCl
< 30 mL/min/1.73 m2
Fondaparinux (Arixtra)
Weight < 111 lb (50 kg):
5 mg SC daily

Use with caution in patients with CrCl
30 to 50 mL/min/1.73 m2

Weight 111 to 220 lb (50 to
100 kg): 7.5 mg SC daily

Contraindicated in patients with CrCl
≤ 30 mL/min/1.73 m2

Anti–factor Xa levels (only if
fondaparinux is the reference
standard for the assay)

Weight > 220 lb (100 kg):
10 mg SC daily
CrCl = creatinine clearance; LMWH = low-molecular-weight heparin; NA = not available; SC = subcutaneously.
*—Begin warfarin and unfractionated heparin or LMWH on day 1.
†—Unfractionated heparin and dalteparin are not approved by the U.S. Food and Drug Administration for treatment of acute deep
venous thrombosis. Enoxaparin, 1.5 mg per kg daily, is not approved for outpatient management of acute deep venous thrombosis or for management
of acute deep venous thrombosis in pregnant patients.
Information from:
Antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest Physicians evidence-based clinical practice guidelines. Chest.
2012;141(suppl 2).
Lovenox (enoxaparin sodium injection) for subcutaneous and intravenous use [prescribing information]. Bridgewater, N.J.: Sanofi-aventis; 2011.
http://products.sanofi.us/lovenox/lovenox.html. Accessed May 25, 2012.
Innohep (tinzaparin sodium injection) [prescribing information]. Ballerup, Denmark: Leo Pharmaceutical Products; 2008. http://www.accessdata.fda.
gov/drugsatfda_docs/label/2008/020484s011lbl.pdf. Accessed May 25, 2012.
Arixtra (fondaparinux sodium) solution for subcutaneous injection [prescribing information]. Research Triangle Park, N.C.: GlaxoSmithKline; 2011.
http://us.gsk.com/products/assets/us_arixtra.pdf. Accessed August 1, 2012.
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Comparisons

Unfractionated heparin vs. LMWH
Considered equally effective and safe
Unfractionated heparin may be better for patients with high
bleeding risk because of short half-life and reversibility
Unfractionated heparin may be favorable in patients with CrCl <
30 mL/min/1.73 m2
LMWH has lower incidence of heparin-induced
thrombocytopenia

Unfractionated heparin vs. LMWH
Considered equally effective and safe
Unfractionated heparin may be better for patients with high
bleeding risk because of short half-life and reversibility
Unfractionated heparin may be favorable in patients with CrCl <
30 mL/min/1.73 m2
LMWH has lower incidence of heparin-induced
thrombocytopenia

LMWH vs. fondaparinux
Comparable effectiveness and safety
Longer half-life for fondaparinux is advantageous (daily dosing)
and potentially troublesome (adverse effects and lack of
reversibility)
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eTable C. Perioperative Management of Warfarin
Warfarin (Coumadin) indication
Mechanical heart valve

Chronic atrial fibrillation

VTE

At least 1 of the following:

At least 1 of the following:

At least 1 of the following:

Aortic valve prosthesis (caged-ball or
tilting-disk)

CHADS2 score of 5 or 6

Severe thrombophilia*

Mitral valve prosthesis (any)

Stroke or TIA within past 3 months

Stroke or TIA within past 6 months
May also include:
Patients with a history of stroke or TIA
more than 3 months before surgery
and a CHADS2 score < 5
Patients undergoing surgeries with high
risk of thromboembolism

Rheumatic mitral valve disease
May also include:
Patients with a history of stroke or
TIA more than 3 months before
surgery and a CHADS2 score < 5

VTE within past 3 months
May also include:
Previous thromboembolism during temporary
vitamin K antagonist interruption
Patients undergoing surgeries with high risk
of thromboembolism

Patients undergoing surgeries with
high risk of thromboembolism

Aortic valve prosthesis (bileaflet) and at
least 1 of the following: age older than
75 years; atrial fibrillation; congestive
heart failure; diabetes mellitus;
hypertension; prior stroke or TIA

CHADS2 score of 3 or 4

Aortic valve prosthesis (bileaflet) without
atrial fibrillation and no other stroke risk
factors

No prior stroke or TIA and CHADS2
score ≤ 2

At least 1 of the following:
Active cancer§
Nonsevere thrombophilic condition||
Recurrent VTE
VTE within past 3 to 12 months

Single VTE occurred > 12 months ago and
no other risk factors

CHADS2 = congestive heart failure, hypertension, age ≥ 75 years, diabetes mellitus, prior ischemic stroke or TIA (doubled); LMWH = low-molecular-weight
heparin; TIA = transient ischemic attack; VTE = venous thromboembolism.
*—Such as protein C or S deficiency, antiphospholipid antibodies, or antithrombin deficiency.
†—Stop subcutaneous LMWH 24 hours before surgery.
‡—Surgeries with a higher risk of bleeding include urologic surgeries, large colon polyp resection, and surgeries that involve vascular organs or have
extensive tissue injury potential. Bleeding risk in hospitalized patients has been linked to multiple factors including active gastric or duodenal ulcer,
bleeding within 3 months before admission, and thrombocytopenia.
§—Defined as cancer treated within 6 months or palliative.
||—Such as heterozygous factor V Leiden mutation.
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Risk level for VTE

Bleeding risk category

Recommendation

High (> 10% annual risk)

Very low (minor procedures)

Dental: continue warfarin with an oral prohemostatic agent or stop warfarin
2 to 3 days before procedure
Dermatologic: continue warfarin and optimize local hemostasis
Cataract: continue warfarin

Low

Stop warfarin 5 days before surgery and restart 12 to 24 hours postoperatively
VTE prophylaxis and
Therapeutic dose of LMWH before the procedure† and beginning
approximately 24 hours after the procedure

High‡

Stop warfarin 5 days before surgery and restart 12 to 24 hours postoperatively
VTE prophylaxis and
Therapeutic dose of LMWH before the procedure† and beginning 48 to
72 hours after the procedure

Moderate (5 to
10% annual risk)

Very low (minor procedures)

Dental: continue warfarin with an oral prohemostatic agent or stop warfarin
2 to 3 days before procedure
Dermatologic: continue warfarin and optimize local hemostasis
Cataract: continue warfarin

Low (< 5% annual risk)

Low (base bridging on
patient- and surgeryrelated factors‡)

Stop warfarin 5 days before surgery and restart 12 to 24 hours postoperatively

High (base bridging on
patient- and surgeryrelated factors‡)

Stop warfarin 5 days before surgery and restart 12 to 24 hours postoperatively

Very low (minor procedures)

Dental: continue warfarin with an oral prohemostatic agent or stop warfarin
2 to 3 days before procedure

Therapeutic dose of LMWH before the procedure† and beginning
approximately 24 hours after the procedure
VTE prophylaxis and
Therapeutic dose of LMWH before the procedure† and beginning 48 to
72 hours after the procedure

Dermatologic: continue warfarin and optimize local hemostasis
Cataract: continue warfarin
Low

Stop warfarin 5 days before surgery and restart 12 to 24 hours postoperatively
Do not bridge

High‡

Stop warfarin 5 days before surgery and restart 12 to 24 hours postoperatively
Do not bridge

Information from:
Antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest Physicians evidence-based clinical practice guidelines. Chest.
2012;141(suppl 2).
du Breuil AL, Umland EM. Outpatient management of anticoagulation therapy. Am Fam Physician. 2007;75(7):1031-1042.
Douketis JD. Perioperative management of patients who are receiving warfarin therapy: an evidence-based and practical approach. Blood.
2011;117(19):5044-5049.
Kaatz S, Paje D. Update in bridging anticoagulation. J Thromb Thrombolysis. 2011;31(3):259-264.
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eTable D. Considerations for Patient Self-Testing
of International Normalized Ratio
Centers for Medicare and Medicaid Services coverage includes patients:
In whom self-testing is prescribed by a physician
Taking warfarin (Coumadin) for long-term anticoagulation for venous
thromboembolism, mechanical heart valves, or atrial fibrillation
Taking warfarin for at least three months before initiation of self-testing
Who do not require testing frequency greater than once weekly
Who participate in, and successfully complete, an anticoagulation education
program*
Patients who may not be good self-testing candidates include those:
Who do not demonstrate monitor or instruction competency†
Who will be treated with warfarin for fewer than six months
With atypical international normalized ratio target ranges
With intellectual impairment
With known drug or alcohol abuse
With language barriers that cannot be overcome with the assistance of a family
member
*—This program should explain the use of the monitor, the testing procedure, and
performance of quality controls, and should assess continued appropriate monitor
use.
†—Competency is influenced by the patient’s vision, manual dexterity, and ability to
follow the monitor procedure correctly and consistently.
Information from:
Gardiner C, Williams K, Mackie IJ, Machin SJ, Cohen H. Patient self-testing is a
reliable and acceptable alternative to laboratory INR monitoring. Br J Haematol.
2005;128(2):242-247.
Matchar DB, Jacobson A, Dolor R, et al.; THINRS Executive Committee and Site Investigators. Effect of home testing of international normalized ratio on clinical events
[published correction appears in N Engl J Med. 2011;364(1):93]. N Engl J Med.
2010;363(17):1608-1620.
Garcia-Alamino JM, Ward AM, Alonso-Coello P, et al. Self-monitoring and self-management of oral anticoagulation. Cochrane Database Syst Rev. 2010;(4):CD003839.
CMS Manual System. Pub 100-04 Medicare claims processing. Prothrombin time
(PT/INR) monitoring for home anticoagulation management. https://www.cms.gov/
transmittals/downloads/R1562CP.pdf. Accessed August 29, 2011.
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Objective: We examined the potential effect of sex and age on warfarin dosing in ambulatory
adult patients.
Methods: We conducted a retrospective chart review of patients attending an anticoagulation clinic.
We included patients anticoagulated with warfarin for atrial fibrillation or venous thromboembolism
who had a therapeutic international normalized ratio of 2–3 for 2 consecutive months. We excluded
patients who had been on any drug that is known to have a major interaction with warfarin, smokers, and heavy alcohol consumers. Out of 340 screened medical records, 96 met the predetermined
inclusion criteria. The primary outcome assessed was warfarin total weekly dose (TWD).
Results: There was a statistically significant difference in the TWD among the ages (P,0.01);
older patients required lower doses. However there was no statistically significant difference in
the TWD between sexes (P=0.281).
Conclusion: Age was found to have a significant effect on warfarin dosing. Even though women
did require a lower TWD than men, this observation was not statistically significant.
Keywords: warfarin, INR, anticoagulation, vitamin K antagonists, age
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Until recently, warfarin had been one of the only treatment options for long-term anticoagulation of patients requiring chronic oral anticoagulation. In the last few years,
a number of new oral anticoagulant agents, dabigatran, rivaroxaban, apixaban, and
edoxaban, have been studied and approved for prevention of stroke in non-valvular
atrial fibrillation (AF) and treatment or prevention of venous thromboembolism (VTE).
However, many unresolved questions remain on how to optimally use these drugs
in specific clinical situations such as those with chronic kidney disease and hepatic
insufficiency, and in those taking drugs that can inhibit cytochrome P450 (CYP)-3A4.
Furthermore, practical concerns have been raised about the lack of a reversal agent for
any of these three new agents. Consequently, warfarin will likely remain an important
therapeutic option for the primary and secondary prevention of thromboembolic events
for a variety of medical conditions for many patients.1,2 Warfarin works by inhibiting the synthesis of vitamin-K dependent clotting factors II, VII, IX, and X as well
as the anticoagulant factors, proteins C and S. It is a difficult drug to dose because
many factors are incompletely understood that influence an individual’s response.1,2
It is also a complex drug because of its narrow therapeutic window, with even a mild
degree of over-anticoagulation potentially leading to hemorrhagic complications.3
These limitations necessitate the close monitoring of the international normalized
ratio (INR), which is both resource intensive and inconvenient. Warfarin’s pronounced
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inter-individual variability in dose requirements and its
complicated management has led to numerous studies evaluating different potential predictors of warfarin requirements,
including age, sex, nutritional status, presence of comorbid
conditions, concomitant medications, and vitamin K intake.2,4
The objective of our study was to examine the potential effect
of age and sex on warfarin maintenance dose in ambulatory
adult patients.

Methods
We conducted a retrospective study at a long-term outpatient
anticoagulation clinic (Celebration Health, Florida Hospital).
The clinic uses point-of-care monitoring. At the clinic, patients
are scheduled for 20 minute office visits during which an instant
finger-stick INR is obtained using CoaguChek S (Hoffman-La
Roche Ltd, Basel, Switzerland). Patients are also asked about
factors that might affect their INR or warfarin dosing. The
clinical pharmacists subsequently provide the patient with
dosing instructions and may renew prescriptions for warfarin
and low-molecular-weight heparins on behalf of the patients’
enrolling physicians, as part of a collaborative-practice agreement. Patients leave each visit with their instant INR results,
dosing regimen, and next scheduled follow-up appointment.
The medical records of all patients actively enrolled at the
clinic from 2007–2009 were randomly selected for review.
Inclusion criteria were patients with AF or VTE on warfarin
with an INR range of 2–3; patients stabilized on warfarin
therapy (reflected by two consecutive therapeutic INR at the
same total weekly dose [TWD]); non-smokers; patients with
no to moderate alcohol consumption (#2 drinks per day).
To control for confounders, we excluded patients who were
anticoagulated for other indications, smokers, heavy alcohol
consumers (more than two drinks per day), and patients on
drugs with major interactions with warfarin as identified by
the Drug Information Handbook (17th edition).5
The TWD of warfarin was calculated for each patient.
The following data were also collected: indication for warfarin, sex, age (divided into eight groups; group one: 20–29
years, group two: 30–39 years, group three: 40–49 years,
group four: 50–59 years, group five: 60–69 years, group
six: 70–79 years, group seven: 80–89 years, group eight:
90 years or above), alcohol consumption, and the patient’s
medication list (including prescription and over the counter
medications).
The primary outcome was the warfarin TWD. To detect a
possible difference in the TWD between the sexes, we used the
Student’s t-test. To assess the impact of age, we used analysis
of variance (ANOVA) followed by a Bonferroni post hoc test.
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Data analysis was performed using SPSS for windows version
15.0 (SPSS Inc., Chicago, IL, USA) with the a priori level of
significance set at a P-value of 0.05 or less.

Results
A review of 340 medical records was concluded, of which
96 patients met the inclusion criteria. Baseline characteristics
are summarized in Table 1. The mean TWD (mg) ± standard
deviation (SD) was 39.44±14.21 for men and 36.15±15.43
for women (P=0.281) as shown in Table 2. The mean TWD
was trending downward as age increased. A statistically significant lower mean TWD was seen in patients in the 80–89
age group as compared to patients in 20–29, 30–39, 40–49,
and 50–59 age groups (P,0.05). Mean TWD of patients in
group 20–29, 30–39, and 40–49 was around 51 mg as compared to almost half, 24.82 mg, in group 80–89 (P,0.05)
as shown in Table 3.

Discussion
Warfarin therapy remains challenging. When initiated,
it is associated with either a high incidence of overa nticoagulation which leads to bleeding or persistent
subtherapeutic INR that not only prolongs the period
of thrombotic risk, but potentially increases costs
because of subsequent adjunctive use of other parenteral
anticoagulants. It is hard to make accurate dose prediction due to the inability to take inter-individual and intraindividual variability in response to the drug into account.
This is frequently a cause for concern.
Table 1 Baseline characteristics
Indication
 AF
VTE
Sex
 Men
Women
Age
 Group 1 (20–29)
Group 2 (30–39)
Group 3 (40–49)
Group 4 (50–59)
Group 5 (60–69)
Group 6 (70–79)
Group 7 (80–89)
Group 8 ($90)
Alcohol intake
 None/occasional
1–2 drinks/day

N

Percentage

45
51

47%
53%

54
42

56%
44%

3
3
10
18
22
24
14
2

3%
3%
10%
19%
23%
25%
15%
2%

83
13

86%
14%

Abbreviations: N, number of patients; AF, atrial fibrillation; VTE, venous
thromboembolism.
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Table 2 Warfarin TWD based on sex
Men
Women

Mean TWD (mg) ± SD

P-value

39.44±14.211
36.15±15.433

P=0.281

Abbreviations: TWD, total weekly dose; SD, standard deviation.

The present study found a significant association between
increasing age and a reduced maintenance dosage of warfarin.
The TWD for patients 80–89 years of age was 24.82 mg,
which was almost half the TWD for groups aged between
20–59 years (mean TWD for the four age groups =49.18 mg).
A simple clinical approach to starting warfarin therapy in
patients between ages 80–89 without an acute event would
be to initiate daily doses reflective of 25 mg per week. These
findings confirm previously published literature; warfarin
dose for maintenance therapy is inversely proportional to
age.6–12 Patients $90 years (group eight) received a TWD that
was lower than groups one, two, three, four, and five (28.5 mg
versus an average of 49.18 mg) but this difference was not
statistically significant. This may be explained by the small
number of patients in group eight (only two patients).
Our study adds to the body of evidence supporting warfarin dosing adjustments in the elderly. Data published by
Garcia et al suggested that as patients age, the TWD declines
by 0.4 mg per year of life.13 The mechanism for increased
sensitivity to warfarin with aging is not well-understood. In
general, the elderly have decreased serum proteins, metabolic
activities, and renal excretion.14 These alterations lead to
differences in the pharmacokinetics of a drug that increases
the persistence of the drug in the body, and consequently,
increased sensitivity to the drug is observed among the elderly.
However, a previous report has revealed that there was no
appreciable difference in the pharmacokinetics of warfarin,
ie, the plasma half-life, apparent volume of distribution,
plasma clearance, and plasma warfarin metabolite levels,
Table 3 Warfarin TWD based on age
Group 1 (20–29)
Group 2 (30–39)
Group 3 (40–49)
Group 4 (50–59)
Group 5 (60–69)
Group 6 (70–79)
Group 7 (80–89)
Group 8 ($90)
Total

N

Mean TWD ± SD (mg)

3
3
10
18
22
24
14
2
96

51.67±7.638
50.83±23.761
50.75±20.852
43.50±12.332
36.05±11.219
35.54±11.794
*24.82±8.363
28.50±12.728
38.01±14.770

Note: *Total weekly dose in group seven significantly lower than that in groups one,
two, three, and four (P,0.05).
Abbreviations: TWD, total weekly dose; SD, standard deviation.
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between younger (age range 20–40; mean, 25 years) and
older (age range, 65–94; mean, 82 years) patients.15 This
suggests that pharmacokinetic factors did not influence
the age-dependent increase in the sensitivity to warfarin.
Pharmacodynamic changes with age have been much less
studied. A negative correlation between age and hepatic
drug-metabolizing enzymes has been detected in rat models in vitro, and a study of hepatic microsomal enzymes in
humans showed a 30% decline in hepatic drug metabolism and
cytochrome P450 content with age.16–18 Others have suggested
an age-related decrease in the diffusion of oxygen within the
hepatocyte that compromises the oxygen-dependent mixedfunction oxidase enzymes.19 Changes in hepatic glutathione
levels and decreased activity of the nicotinamide adenine
dinucleotide phosphate-dependent reductase of vitamin K
are other postulated hypotheses.20
Several studies,7,10,21 but not all,8,22–24 report that sex is a
determinant of warfarin dose; women require lower doses
than men. However, in our study, although women required
a 3.29 mg lower TWD than men, the difference was not
statistically significant.
Because all patients were managed in the same anticoagulation clinic with the same anticoagulation monitor, the
variability resulting from different management strategies
and testing methods was controlled.
The present study has several limitations. All information collected was via retrospective chart review. We only
included outpatients from a single tertiary care center. We had
a relatively small sample size, which means that this study
may not have been adequately powered to detect a statistically significant difference between patient-specific factors,
if a true difference did exist. It was not feasible to control for
all confounders, they were limited to the extent possible by
excluding smokers, heavy alcohol consumers, and patients on
any drug that interacts extensively with warfarin. Although
we attempted to account for as many confounding factors as
possible we did not gather information on the patients’ diet,
compliance with anticoagulant drug therapy, and changes
in health status. However, since our data were from stable
patients, and since the INRs did not vary, we do not believe
that any changes in these variables were significant enough
to affect anticoagulation control.
The accuracy of our study would have been improved
by the inclusion of information on genetic polymorphisms
since polymorphisms of the vitamin K epoxide reductase
complex subunit 1 gene (VKORC1) and the CYP2C9 gene
are important determinants of warfarin dosing. We did not
include information on genetic polymorphism due to the
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difficulty and the questionable utility of performing genetic
evaluation in the clinical setting. Many clinicians believe
that a genetic-based dosing scheme is unlikely to result in
a practical advantage because of several reasons, including
timely access to genotyping, which might result in unnecessary treatment delays and subsequent prolongation of the
parenteral anticoagulation, increased costs, and inability of
genetic-based models to account for environmental factors.
Furthermore, dosing adjustments continue to be based on
INR values that could be considered a surrogate marker of
genetic information.

Conclusion
This study found that mean warfarin doses declined predictably with age and were not affected by sex. Although
it did appear that women required a smaller TWD than
men, the difference was not statistically significant. These
observations suggest that the current initiation and maintenance doses should be modified to reduce the risk of
inadequate therapy in young patients and excessive anticoagulation in the elderly.
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PREAMBLE
Since 1980, the American College of Cardiology (ACC)
and American Heart Association (AHA) have translated
scientific evidence into clinical practice guidelines (guidelines) with recommendations to improve cardiovascular
health. These guidelines, which are based on systematic
methods to evaluate and classify evidence, provide a cornerstone for quality cardiovascular care. The ACC and
e1160 June 20/27, 2017

AHA sponsor the development and publication of guidelines without commercial support, and members of each
organization volunteer their time to the writing and review
efforts. Guidelines are official policy of the ACC and AHA.

Intended Use
Practice guidelines provide recommendations applicable to
patients with or at risk of developing cardiovascular disease. The focus is on medical practice in the United States,
but guidelines developed in collaboration with other organizations may have a global impact. Although guidelines
may be used to inform regulatory or payer decisions, their
intent is to improve patients’ quality of care and align with
patients’ interests. Guidelines are intended to define practices meeting the needs of patients in most, but not all,
circumstances and should not replace clinical judgment.

Clinical Implementation
Guideline recommended management is effective only
when followed by healthcare providers and patients.
Adherence to recommendations can be enhanced by
shared decision making between healthcare providers
and patients, with patient engagement in selecting interventions based on individual values, preferences, and
associated conditions and comorbidities.

METHODOLOGY AND MODERNIZATION
The ACC/AHA Task Force on Clinical Practice Guidelines
(Task Force) continuously reviews, updates, and modifies
guideline methodology on the basis of published standards
from organizations including the Institute of Medicine1,2 and
on the basis of internal reevaluation. Similarly, the presentation and delivery of guidelines are reevaluated and modified
on the basis of evolving technologies and other factors to
facilitate optimal dissemination of information at the point
of care to healthcare professionals. Given time constraints
of busy healthcare providers and the need to limit text, the
current guideline format delineates that each recommendation be supported by limited text (ideally, <250 words) and
hyperlinks to supportive evidence summary tables. Ongoing efforts to further limit text are underway. Recognizing
the importance of cost–value considerations in certain
guidelines, when appropriate and feasible, an analysis of
the value of a drug, device, or intervention may be performed in accordance with the ACC/AHA methodology.3
To ensure that guideline recommendations remain current, new data are reviewed on an ongoing basis, with full
guideline revisions commissioned in approximately 6-year
cycles. Publication of new, potentially practice-changing
study results that are relevant to an existing or new drug,
device, or management strategy will prompt evaluation
by the Task Force, in consultation with the relevant guideline writing committee, to determine whether a focused
Circulation. 2017;135:e1159–e1195. DOI: 10.1161/CIR.0000000000000503
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update should be commissioned. For additional information and policies regarding guideline development, we
encourage readers to consult the ACC/AHA guideline
methodology manual4 and other methodology articles.5–8

Selection of Writing Committee Members
The Task Force strives to avoid bias by selecting experts
from a broad array of backgrounds. Writing committee members represent different geographic regions, sexes, ethnicities, races, intellectual perspectives/biases, and scopes of
clinical practice. The Task Force may also invite organizations
and professional societies with related interests and expertise to participate as partners, collaborators, or endorsers.

Relationships With Industry and Other Entities
The ACC and AHA have rigorous policies and methods to
ensure that guidelines are developed without bias or improper influence. The complete relationships with industry and other entities (RWI) policy can be found online.
Appendix 1 of the current document lists writing committee members’ relevant RWI. For the purposes of full
transparency, writing committee members’ comprehensive disclosure information is available online, as is comprehensive disclosure information for the Task Force.

Evidence Review and Evidence Review Committees

Guideline-Directed Management and Therapy
The term guideline-directed management and therapy
(GDMT) encompasses clinical evaluation, diagnostic testing,
Circulation. 2017;135:e1159–e1195. DOI: 10.1161/CIR.0000000000000503

Class of Recommendation and Level of Evidence
The Class of Recommendation (COR) indicates the
strength of the recommendation, encompassing the estimated magnitude and certainty of benefit in proportion
to risk. The Level of Evidence (LOE) rates the quality of
scientific evidence that supports the intervention on the
basis of the type, quantity, and consistency of data from
clinical trials and other sources (Table 1).4–6
Glenn N. Levine, MD, FACC, FAHA
Chair, ACC/AHA Task Force on Clinical Practice
Guidelines

1. INTRODUCTION
The focus of the “2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease”9,10
(2014 VHD guideline) was the diagnosis and management of adult patients with valvular heart disease (VHD).
The field of VHD is rapidly progressing, with new knowledge of the natural history of patients with valve disease,
advances in diagnostic imaging, and improvements in
catheter-based and surgical interventions. Several ran
domized controlled trials (RCTs) have been published
since the 2014 VHD guideline, particularly with regard
to the outcomes of interventions. Major areas of change
include indications for transcatheter aortic valve replacement (TAVR), surgical management of the patient with
primary and secondary mitral regurgitation (MR), and
management of patients with valve prostheses.
All recommendations (new, modified, and unchanged)
for each clinical section are included to provide a comprehensive assessment. The text explains new and modified
recommendations, whereas recommendations from the
previous guideline that have been deleted or superseded
no longer appear. Please consult the full-text version of
the 2014 VHD guideline10 for text and evidence tables
supporting the unchanged recommendations and for clinical areas not addressed in this focused update. Individual
recommendations in this focused update will be incorporated into the full-text guideline in the future. Recommendations from the prior guideline that remain current
have been included for completeness but the LOE reflects
the COR/LOE system used when initially developed. New
and modified recommendations in this focused update reflect the latest COR/LOE system, in which LOE B and C
are subcategorized for greater specificity.4–7 The section
numbers correspond to the full-text guideline sections.
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When developing recommendations, the writing committee uses evidence-based methodologies that are based
on all available data.4–7 Literature searches focus on randomized controlled trials (RCTs) but also include registries, nonrandomized comparative and descriptive studies, case series, cohort studies, systematic reviews,
and expert opinion. Only key references are cited.
An independent evidence review committee (ERC) is
commissioned when there are 1 or more questions deemed
of utmost clinical importance that merit formal systematic
review. This systematic review will strive to determine which
patients are most likely to benefit from a drug, device, or
treatment strategy and to what degree. Criteria for commissioning an ERC and formal systematic review include: a)
the absence of a current authoritative systematic review, b)
the feasibility of defining the benefit and risk in a time frame
consistent with the writing of a guideline, c) the relevance
to a substantial number of patients, and d) the likelihood
that the findings can be translated into actionable recommendations. ERC members may include methodologists,
epidemiologists, healthcare providers, and biostatisticians.
When a formal systematic review has been commissioned,
the recommendations developed by the writing committee
on the basis of the systematic review are marked with “sr”.

and pharmacological and procedural treatments. For
these and all recommended drug treatment regimens,
the reader should confirm the dosage by reviewing product insert material and evaluate the treatment regimen
for contraindications and interactions. The recommendations are limited to drugs, devices, and treatments approved for clinical use in the United States.

Nishimura et al

Table 1. ACC/AHA Recommendation System: Applying Class of Recommendation and Level of Evidence to
Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient Care* (Updated August 2015)

Downloaded from http://ahajournals.org by on September 12, 2018

1.1. Methodology and Evidence Review

1.2. Organization of the Writing Group

To identify key data that might influence guideline recommendations, the Task Force and members of the 2014 VHD
guideline writing committee reviewed clinical trials that were
presented at the annual scientific meetings of the ACC, AHA,
European Society of Cardiology, and other groups and that
were published in peer-reviewed format from October 2013
through November 2016. The evidence is summarized in
tables in the Online Data Supplement.

For this focused update, representative members of the
2014 VHD writing committee were invited to participate,
and they were joined by additional invited members to
form a new writing group, referred to as the 2017 focused update writing group. Members were required
to disclose all RWI relevant to the data under consideration. The group was composed of experts representing cardiovascular medicine, cardiovascular imaging,
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interventional cardiology, electrophysiology, cardiac
surgery, and cardiac anesthesiology. The writing group
included representatives from the ACC, AHA, American
Association for Thoracic Surgery (AATS), American Society of Echocardiography (ASE), Society for Cardiovascular Angiography and Interventions (SCAI), Society of
Cardiovascular Anesthesiologists (SCA), and Society of
Thoracic Surgeons (STS).

1.3. Document Review and Approval
The focused update was reviewed by 2 official reviewers
each nominated by the ACC and AHA; 1 reviewer each
from the AATS, ASE, SCAI, SCA, and STS; and 40 content reviewers. Reviewers’ RWI information is published
in this document (Appendix 2).
This document was approved for publication by the
governing bodies of the ACC and the AHA and was endorsed by the AATS, ASE, SCAI, SCA, and STS.

2. GENERAL PRINCIPLES
2.4. Basic Principles of Medical Therapy
2.4.2. Infective Endocarditis Prophylaxis: Recommendation
With the absence of RCTs that demonstrated the efficacy
of antibiotic prophylaxis to prevent infective endocarditis (IE), the practice of antibiotic prophylaxis has been
questioned by national and international medical societ-

ies.11–14 Moreover, there is not universal agreement on
which patient populations are at higher risk of developing IE than the general population. Protection from endocarditis in patients undergoing high-risk procedures
is not guaranteed. A prospective study demonstrated
that prophylaxis given to patients for what is typically
considered a high-risk dental procedure reduced but
did not eliminate the incidence of bacteremia.15 A 2013
Cochrane Database systematic review of antibiotic prophylaxis of IE in dentistry concluded that there is no
evidence to determine whether antibiotic prophylaxis is
effective or ineffective, highlighting the need for further
study of this longstanding clinical dilemma.13 Epidemiological data conflict with regard to incidence of IE after
adoption of more limited prophylaxis, as recommended
by the AHA and European Society of Cardiology,16–20 and
no prophylaxis, as recommended by the U.K. NICE (National Institute for Health and Clinical Excellence) guidelines.21 Some studies indicate no increase in incidence of
endocarditis with limited or no prophylaxis, whereas others suggest that IE cases have increased with adoption
of the new guidelines.16–22 The consensus of the writing
group is that antibiotic prophylaxis is reasonable for the
subset of patients at increased risk of developing IE and
at high risk of experiencing adverse outcomes from IE.
There is no evidence for IE prophylaxis in gastrointestinal
procedures or genitourinary procedures, absent known
active infection.

COR

LOE

Recommendation

IIa

C-LD

Prophylaxis against IE is reasonable before dental procedures
that involve manipulation of gingival tissue, manipulation
of the periapical region of teeth, or perforation of the oral
mucosa in patients with the following13,15,23–29:
1. Prosthetic cardiac valves, including transcatheterimplanted prostheses and homografts.
2. Prosthetic material used for cardiac valve repair, such
as annuloplasty rings and chords.
3. Previous IE.
4. Unrepaired cyanotic congenital heart disease or
repaired congenital heart disease, with residual shunts
or valvular regurgitation at the site of or adjacent to the
site of a prosthetic patch or prosthetic device.
5. Cardiac transplant with valve regurgitation due to a
structurally abnormal valve.

See Online Data
Supplements 1 and 2.

Comment/Rationale
MODIFIED: LOE updated from B to C-LD. Patients with
transcatheter prosthetic valves and patients with prosthetic
material used for valve repair, such as annuloplasty rings
and chords, were specifically identified as those to whom it
is reasonable to give IE prophylaxis. This addition is based
on observational studies demonstrating the increased risk
of developing IE and high risk of adverse outcomes from IE
in these subgroups. Categories were rearranged for clarity
to the caregiver.

The risk of developing IE is higher in patients with underlying VHD. However, even in patients at high risk of IE, evidence for the efficacy of antibiotic
prophylaxis is lacking. The lack of supporting evidence, along with the risk of anaphylaxis and increasing bacterial resistance to antimicrobials, led to a
revision in the 2007 AHA recommendations for prophylaxis limited to those patients at highest risk of adverse outcomes with IE.11 These included patients
with a history of prosthetic valve replacement, patients with prior IE, select patients with congenital heart disease, and cardiac transplant recipients. IE has
been reported to occur after TAVR at rates equal to or exceeding those associated with surgical aortic valve replacement (AVR) and is associated with a
high 1-year mortality rate of 75%.30,31 IE may also occur after valve repair in which prosthetic material is used, usually necessitating urgent operation, which
has high in-hospital and 1-year mortality rates.32,33 IE appears to be more common in heart transplant recipients than in the general population, according
to limited data.23 The risk of IE is highest in the first 6 months after transplantation because of endothelial disruption, high-intensity immunosuppressive
therapy, frequent central venous catheter access, and frequent endomyocardial biopsies.23 Persons at risk of developing bacterial IE should establish and
maintain the best possible oral health to reduce potential sources of bacterial seeding. Optimal oral health is maintained through regular professional dental
care and the use of appropriate dental products, such as manual, powered, and ultrasonic toothbrushes; dental floss; and other plaque-removal devices.
Circulation. 2017;135:e1159–e1195. DOI: 10.1161/CIR.0000000000000503
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Recommendation for IE Prophylaxis

Nishimura et al
2.4.3. Anticoagulation for Atrial Fibrillation in Patients With VHD: Recommendations (New Section)
Recommendations for Anticoagulation for Atrial Fibrillation (AF) in Patients With VHD
COR

LOE

Recommendations

Comment/Rationale

I

B-NR

Anticoagulation with a vitamin K antagonist (VKA) is
indicated for patients with rheumatic mitral stenosis (MS)
and AF.34,35

See Online Data
Supplements 3 and 4.

MODIFIED: VKA as opposed to the direct oral
anticoagulants (DOACs) are indicated in patients with AF
and rheumatic MS to prevent thromboembolic events. The
RCTs of DOACs versus VKA have not included patients with
MS. The specific recommendation for anticoagulation of
patients with MS is contained in a subsection of the topic
on anticoagulation (previously in Section 6.2.2).

A retrospective analysis of administrative claims databases (>20 000 DOAC-treated patients) showed no difference in the incidence of stroke or
major bleeding in patients with rheumatic and nonrheumatic MS if treated with DOAC versus warfarin.35 However, the writing group continues to
recommend the use of VKA for patients with rheumatic MS until further evidence emerges on the efficacy of DOAC in this population. (See Section
6.2.2 on Medical Management of Mitral Stenosis in the 2014 guideline.)
I

C-LD

Anticoagulation is indicated in patients with AF and a
CHA2DS2-VASc score of 2 or greater with native aortic valve
disease, tricuspid valve disease, or MR.36–38

See Online Data
Supplements 3 and 4.

NEW: Post hoc subgroup analyses of large RCTs comparing
DOAC versus warfarin in patients with AF have analyzed
patients with native valve disease other than MS and
patients who have undergone cardiac surgery. These
analyses consistently demonstrated that the risk of stroke is
similar to or higher than that of patients without VHD. Thus,
the indication for anticoagulation in these patients should
follow GDMT according to the CHA2DS2-VASc score.35–38

Downloaded from http://ahajournals.org by on September 12, 2018

Many patients with VHD have AF, yet these patients were not included in the original studies evaluating the risk of stroke or in the development of
the risk schema such as CHADS2 or CHA2DS2-VASc.39,40 Post hoc subgroup analyses of large RCTs comparing apixaban, rivaroxaban, and dabigatran
(DOACs) versus warfarin36–38 included patients with VHD, and some included those with bioprosthetic valves or those undergoing valvuloplasty.
Although the criteria for nonvalvular AF differed for each trial, patients with significant MS and valve disease requiring an intervention were excluded.
There is no clear evidence that the presence of native VHD other than rheumatic MS need be considered in the decision to anticoagulate a patient
with AF. On the basis of these findings, the writing group supports the use of anticoagulation in patients with VHD and AF when their CHA2DS2VASc score is 2 or greater. Patients with a bioprosthetic valve or mitral repair and AF are at higher risk for embolic events and should undergo
anticoagulation irrespective of the CHA2DS2-VASc score.
IIa

C-LD

See Online Data
Supplements 3 and 4.

It is reasonable to use a DOAC as an alternative to a VKA in
patients with AF and native aortic valve disease, tricuspid
valve disease, or MR and a CHA2DS2-VASc score of 2 or
greater.35–38

NEW: Several thousand patients with native VHD (exclusive
of more than mild rheumatic MS) have been evaluated
in RCTs comparing DOACs versus warfarin. Subgroup
analyses have demonstrated that DOACs, when compared
with warfarin, appear as effective and safe in patients with
VHD as in those without VHD.

DOACs appear to be as effective and safe in patients with VHD as they are in those without VHD. In the ROCKET-AF (Rivaroxaban Once Daily Oral
Direct Factor Xa Inhibition Compared With Vitamin K Antagonist for Prevention of Stroke and Embolism Trial in Atrial Fibrillation), ARISTOTLE (Apixaban
for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation), and RE-LY (Randomized Evaluation of Long-Term Anticoagulant
Therapy) trials, 2003, 4808, and 3950 patients, respectively, had significant VHD.36–38 This included MR, mild MS, aortic regurgitation, aortic stenosis
(AS), and tricuspid regurgitation. These trials consistently demonstrated at least equivalence to warfarin in reducing stroke and systemic embolism.
Retrospective analyses of administrative claims databases (>20 000 DOAC-treated patients) correlate with these findings.35 In addition, the rate of
intracranial hemorrhage in each trial was lower among patients randomized to dabigatran, rivaroxaban, or apixaban than among those randomized to
warfarin, regardless of the presence of VHD.36–38 There is an increased risk of bleeding in patients with VHD versus those without VHD, irrespective of
the choice of the anticoagulant.

3. AORTIC STENOSIS
3.2. Aortic Stenosis
3.2.4. Choice of Intervention: Recommendations
The recommendations for choice of intervention for AS
apply to both surgical AVR and TAVR; indications for AVR
are discussed in Section 3.2.3 in the 2014 VHD guideline. The integrative approach to assessing risk of surgical AVR or TAVR is discussed in Section 2.5 in the 2014
e1164 June 20/27, 2017

VHD guideline. The choice of proceeding with surgical
AVR versus TAVR is based on multiple factors, including
the surgical risk, patient frailty, comorbid conditions, and
patient preferences and values.41 Concomitant severe
coronary artery disease may also affect the optimal intervention because severe multivessel coronary disease
may best be served by surgical AVR and coronary artery
bypass graft surgery (CABG). See Figure 1 for an algorithm on choice of TAVR versus surgical AVR.
Circulation. 2017;135:e1159–e1195. DOI: 10.1161/CIR.0000000000000503
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Recommendations for Choice of Intervention
COR

LOE

I

C

I

B-NR

See Online Data
Supplements 5 and 9
(Updated From 2014
VHD Guideline)

Recommendations

Comment/Rationale

For patients in whom TAVR or high-risk surgical AVR is being
considered, a heart valve team consisting of an integrated,
multidisciplinary group of healthcare professionals with
expertise in VHD, cardiac imaging, interventional cardiology,
cardiac anesthesia, and cardiac surgery should collaborate
to provide optimal patient care.

2014 recommendation remains current.

Surgical AR is recommended for symptomatic patients with
severe AS (Stage D) and asymptomatic patients with severe
AS (Stage C) who meet an indication for AVR when surgical
risk is low or intermediate.42,43

MODIFIED: LOE updated from A to B-NR. Prior
recommendations for intervention choice did not specify
patient symptoms. The patient population recommended
for surgical AVR encompasses both symptomatic and
asymptomatic patients who meet an indication for AVR
with low-to-intermediate surgical risk. This is opposed
to the patient population recommended for TAVR, in
whom symptoms are required to be present. Thus, all
recommendations for type of intervention now specify the
symptomatic status of the patient.

AVR is indicated for survival benefit, improvement in symptoms, and improvement in left ventricular (LV) systolic function in patients with
severe symptomatic AS (Section 3.2.3 in the 2014 VHD guideline).42–48 Given the magnitude of the difference in outcomes between those
undergoing AVR and those who refuse AVR in historical series, an RCT of AVR versus medical therapy would not be appropriate in patients with a
low-to-intermediate surgical risk (Section 2.5 in the 2014 VHD guideline). Outcomes after surgical AVR are excellent in patients who do not have
a high procedural risk.43–46,48 Surgical series demonstrate improved symptoms after AVR, and most patients have an improvement in exercise
tolerance, as documented in studies with pre- and post-AVR exercise stress testing.43–46,48 The choice of prosthetic valve type is discussed in
Section 11.1 of this focused update.
I

A

MODIFIED: COR updated from IIa to I, LOE updated
from B to A. Longer-term follow-up and additional RCTs
have demonstrated that TAVR is equivalent to surgical AVR
for severe symptomatic AS when surgical risk is high.

TAVR has been studied in RCTs, as well as in numerous observational studies and multicenter registries that include large numbers of high-risk
patients with severe symptomatic AS.49,50,52–56 In the PARTNER (Placement of Aortic Transcatheter Valve) IA trial of a balloon-expandable valve,50,53
TAVR (n=348) was noninferior to surgical AVR (n=351) for all-cause death at 30 days, 1 year, 2 years, and 5 years (P=0.001).53,54 The risk of death
at 5 years was 67.8% in the TAVR group, compared with 62.4% in the surgical AVR group (hazard ratio [HR]: 1.04, 95% confidence interval [CI]: 0.86
to 1.24; P=0.76).50 TAVR was performed by the transfemoral approach in 244 patients and the transapical approach in 104 patients. There was no
structural valve deterioration requiring repeat AVR in either the TAVR or surgical AVR groups.
In a prospective study that randomized 795 patients to either self-expanding TAVR or surgical AVR, TAVR was associated with an intention-to-treat
1-year survival rate of 14.2%, versus 19.1% with surgical AVR, equivalent to an absolute risk reduction of 4.9%.49 The rate of death or stroke at 3
years was lower with TAVR than with surgical AVR (37.3% versus 46.7%; P=0.006).51 The patient’s values and preferences, comorbidities, vascular
access, anticipated functional outcome, and length of survival after AVR should be considered in the selection of surgical AVR or TAVR for those at
high surgical risk. The specific choice of a balloon-expandable valve or self-expanding valve depends on patient anatomy and other considerations.57
TAVR has not been evaluated for asymptomatic patients with severe AS who have a high surgical risk. In these patients, frequent clinical monitoring
for symptom onset is appropriate, as discussed in Section 2.3.3 in the 2014 VHD guideline.
I

A

See Online Data
Supplements 5 and 9
(Updated From 2014
VHD Guideline)

TAVR is recommended for symptomatic patients with severe
AS (Stage D) and a prohibitive risk for surgical AVR who have
a predicted post-TAVR survival greater than 12 months.58–61

MODIFIED: LOE updated from B to A. Longer-term
follow-up from RCTs and additional observational studies
has demonstrated the benefit of TAVR in patients with a
prohibitive surgical risk.

TAVR was compared with standard therapy in a prospective RCT of patients with severe symptomatic AS who were deemed inoperable.53,58,60 The
rate of all-cause death at 2 years was lower with TAVR (43.3%) (HR: 0.58; 95% CI: 0.36 to 0.92; P=0.02) than with standard medical therapy
(68%).53,58,60 Standard therapy included percutaneous aortic balloon dilation in 84%. There was a reduction in repeat hospitalization with TAVR (55%
versus 72.5%; P<0.001). In addition, only 25.2% of survivors were in New York Heart Association (NYHA) class III or IV 1 year after TAVR, compared
with 58% of patients receiving standard therapy (P<0.001). However, the rate of major stroke was higher with TAVR than with standard therapy at 30
days (5.05% versus 1.0%; P=0.06) and remained higher at 2 years (13.8% versus 5.5%; P=0.01). Major vascular complications occurred in 16.2%
with TAVR versus 1.1% with standard therapy (P<0.001).53,58,60
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See Online Data
Supplement 9
(Updated From 2014
VHD Guideline)

Surgical AVR or TAVR is recommended for symptomatic
patients with severe AS (Stage D) and high risk for surgical
AVR, depending on patient-specific procedural risks, values,
and preferences.49–51

Nishimura et al

Recommendations for Choice of Intervention (Continued)
Similarly, in a nonrandomized study of 489 patients with severe symptomatic AS and extreme surgical risk treated with a self-expanding TAVR
valve, the rate of all-cause death at 12 months was 26% with TAVR, compared with an expected mortality rate of 43% if patients had been treated
medically.59
Thus, in patients with severe symptomatic AS who are unable to undergo surgical AVR because of a prohibitive surgical risk and who
have an expected survival of >1 year after intervention, TAVR is recommended to improve survival and reduce symptoms. This decision
should be made only after discussion with the patient about the expected benefits and possible complications of TAVR. Patients with severe
AS are considered to have a prohibitive surgical risk if they have a predicted risk with surgery of death or major morbidity (all causes) >50%
at 30 days; disease affecting ≥3 major organ systems that is not likely to improve postoperatively; or anatomic factors that preclude or
increase the risk of cardiac surgery, such as a heavily calcified (eg, porcelain) aorta, prior radiation, or an arterial bypass graft adherent to the
chest wall.58–61
COR

LOE

Recommendations

IIa

B-R

TAVR is a reasonable alternative to surgical AVR for
symptomatic patients with severe AS (Stage D) and an
intermediate surgical risk, depending on patient-specific
procedural risks, values, and preferences.62–65

See Online Data
Supplements 5 and 9
(Updated From 2014
VHD Guideline)

Comment/Rationale
NEW: New RCT showed noninferiority of TAVR to surgical
AVR in symptomatic patients with severe AS at intermediate
surgical risk.

Downloaded from http://ahajournals.org by on September 12, 2018

In the PARTNER II (Placement of Aortic Transcatheter Valve II) RCT,62 which enrolled symptomatic patients with severe AS at intermediate
risk (STS score ≥4%), there was no difference between TAVR and surgical AVR for the primary endpoint of all-cause death or disabling
stroke at 2 years (HR: 0.89; 95% CI: 0.73 to 1.09; P=0.25). All-cause death occurred in 16.7% of those randomized to TAVR, compared with
18.0% of those treated with surgical AVR. Disabling stroke occurred in 6.2% of patients treated with TAVR and 6.3% of patients treated with
surgical AVR.62
In an observational study of the SAPIEN 3 valve,63 TAVR was performed in 1077 intermediate-risk patients with severe symptomatic AS, with the
transfemoral approach used in 88% of patients. At 1 year, the rate of all-cause death was 7.4%, disabling stroke occurred in 2%, reintervention was
required in 1%, and moderate or severe paravalvular aortic regurgitation was seen in 2%. In a propensity score–matched comparison of SAPIEN 3
TAVR patients and PARTNER 2A surgical AVR patients, TAVR was both noninferior and superior to surgical AVR (propensity score pooled weighted
proportion difference: –9.2%; 95% CI: –13.0 to –5.4; P<0.0001).63,66
When the choice of surgical AVR or TAVR is being made in an individual patient at intermediate surgical risk, other factors, such as vascular
access, comorbid cardiac and noncardiac conditions that affect risk of either approach, expected functional status and survival after AVR, and patient
values and preferences, must be considered. The choice of mechanical or bioprosthetic surgical AVR (Section 11 of this focused update) versus a
TAVR is an important consideration and is influenced by durability considerations, because durability of transcatheter valves beyond 3 and 4 years is
not yet known.65 TAVR has not been studied in patients with severe asymptomatic AS who have an intermediate or low surgical risk. In these patients,
frequent clinical monitoring for symptom onset is appropriate, as discussed in Section 2.3.3 in the 2014 VHD guideline. The specific choice of a
balloon-expandable valve or self-expanding valve depends on patient anatomy and other considerations.41,57
C

Percutaneous aortic balloon dilation may be considered as a
bridge to surgical AVR or TAVR for symptomatic patients with
severe AS.

2014 recommendation remains current.

IIb
III: No
Benefit

TAVR is not recommended in patients in whom existing
comorbidities would preclude the expected benefit from
correction of AS.61

2014 recommendation remains current.

B

Figure 1. Choice of TAVR Versus
Surgical AVR in the Patient With
Severe Symptomatic AS.
AS indicates aortic stenosis; AVR,
aortic valve replacement; and TAVR,
transcatheter aortic valve replacement.
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Table 2. Stages of Secondary MR (Table 16 in the 2014 VHD Guideline)
Grade

Valve Hemodynamics*

Associated Cardiac
Findings

Valve Anatomy

A

At risk of MR

Normal valve leaflets, chords,
and annulus in a patient
with coronary disease or
cardiomyopathy

No MR jet or small
central jet area <20%
LA on Doppler
Small vena contracta
<0.30 cm

Normal or mildly dilated LV
size with fixed (infarction) or
inducible (ischemia) regional
wall motion abnormalities
Primary myocardial disease
with LV dilation and systolic
dysfunction

Symptoms due to coronary
ischemia or HF may be
present that respond to
revascularization and
appropriate medical therapy

Symptoms

B

Progressive MR

Regional wall motion
abnormalities with mild
tethering of mitral leaflet
Annular dilation with mild
loss of central coaptation of
the mitral leaflets

ERO <0.40 cm2†
Regurgitant volume
<60 mL
Regurgitant fraction
<50%

Regional wall motion
abnormalities with reduced
LV systolic function
LV dilation and systolic
dysfunction due to primary
myocardial disease

Symptoms due to coronary
ischemia or HF may be
present that respond to
revascularization and
appropriate medical therapy

C

Asymptomatic
severe MR

Regional wall motion
abnormalities and/or LV
dilation with severe tethering
of mitral leaflet
Annular dilation with severe
loss of central coaptation of
the mitral leaflets

ERO ≥0.40 cm2†
Regurgitant volume
≥60 mL
Regurgitant fraction
<50%

Regional wall motion
abnormalities with reduced
LV systolic function
LV dilation and systolic
dysfunction due to primary
myocardial disease

Symptoms due to coronary
ischemia or HF may be
present that respond to
revascularization and
appropriate medical therapy

D

Symptomatic
severe MR

Regional wall motion
abnormalities and/or LV
dilation with severe tethering
of mitral leaflet
Annular dilation with severe
loss of central coaptation of
the mitral leaflets

ERO ≥0.40 cm2†
Regurgitant volume
≥60 mL
Regurgitant fraction
≥50%

Regional wall motion
abnormalities with reduced
LV systolic function
LV dilation and systolic
dysfunction due to primary
myocardial disease

HF symptoms due to
MR persist even after
revascularization and
optimization of medical therapy
Decreased exercise tolerance
Exertional dyspnea

*Several valve hemodynamic criteria are provided for assessment of MR severity, but not all criteria for each category will be present in each patient.
Categorization of MR severity as mild, moderate, or severe depends on data quality and integration of these parameters in conjunction with other
clinical evidence.
†The measurement of the proximal isovelocity surface area by 2D TTE in patients with secondary MR underestimates the true ERO because of the
crescentic shape of the proximal convergence.
2D indicates 2-dimensional; ERO, effective regurgitant orifice; HF, heart failure; LA, left atrium; LV, left ventricular; MR, mitral regurgitation; and TTE,
transthoracic echocardiogram.

7. MITRAL REGURGITATION
7.2. Stages of Chronic MR
In chronic secondary MR, the mitral valve leaflets and
chords usually are normal (Table 2 in this focused update;
Table 16 from the 2014 VHD guideline). Instead, MR is
associated with severe LV dysfunction due to coronary
artery disease (ischemic chronic secondary MR) or idiopathic myocardial disease (nonischemic chronic secondary MR). The abnormal and dilated left ventricle causes
papillary muscle displacement, which in turn results in
leaflet tethering with associated annular dilation that prevents adequate leaflet coaptation. There are instances in
which both primary and secondary MR are present. The
best therapy for chronic secondary MR is not clear because MR is only 1 component of the disease, with clinical
outcomes also related to severe LV systolic dysfunction,
Circulation. 2017;135:e1159–e1195. DOI: 10.1161/CIR.0000000000000503

coronary disease, idiopathic myocardial disease, or other
diseases affecting the heart muscle. Thus, restoration
of mitral valve competence is not curative. The optimal
criteria for defining severe secondary MR have been controversial. In patients with secondary MR, some data suggest that, compared with primary MR, adverse outcomes
are associated with a smaller calculated effective regurgitant orifice, possibly because of the fact that a smaller
regurgitant volume may still represent a large regurgitant
fraction in the presence of compromised LV systolic function (and low total stroke volume) added to the effects of
elevated filling pressures. In addition, severity of secondary MR may increase over time because of the associated progressive LV systolic dysfunction and dysfunction
due to adverse remodeling of the left ventricle. Finally,
Doppler methods for calculations of effective regurgitant
orifice area by the flow convergence method may underJune 20/27, 2017 e1167
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estimate severity because of the crescentic shape of the
regurgitant orifice, and multiple parameters must be used
to determine the severity of MR.67,68 Even so, on the basis
of the criteria used for determination of “severe” MR in
RCTs of surgical intervention for secondary MR,69–72 the
recommended definition of severe secondary MR is now
the same as for primary MR (effective regurgitant orifice

≥0.4 cm2 and regurgitant volume ≥60 mL), with the understanding that effective regurgitant orifice cutoff of >0.2
cm2 is more sensitive and >0.4 cm2 is more specific for
severe MR. However, it is important to integrate the clinical and echocardiographic findings together to prevent
unnecessary operation when the MR may not be as severe as documented on noninvasive studies.

7.3. Chronic Primary MR
7.3.3. Intervention: Recommendations
Recommendations for Chronic Primary MR Intervention

Downloaded from http://ahajournals.org by on September 12, 2018

COR

LOE
B

Mitral valve surgery is recommended for symptomatic
patients with chronic severe primary MR (stage D) and LVEF
greater than 30%.73–75

2014 recommendation remains current.

I

2014 recommendation remains current.

I

B

Mitral valve surgery is recommended for asymptomatic
patients with chronic severe primary MR and LV dysfunction
(LVEF 30% to 60% and/or left ventricular end-systolic
diameter [LVESD] ≥40 mm, stage C2).76–82

B

Mitral valve repair is recommended in preference to MVR
when surgical treatment is indicated for patients with
chronic severe primary MR limited to the posterior leaflet83–99

2014 recommendation remains current.

I

2014 recommendation remains current.

I

B

Mitral valve repair is recommended in preference to MVR
when surgical treatment is indicated for patients with
chronic severe primary MR involving the anterior leaflet or
both leaflets when a successful and durable repair can be
accomplished.84,89,95,100–104

B

Concomitant mitral valve repair or MVR is indicated in
patients with chronic severe primary MR undergoing cardiac
surgery for other indications.105

2014 recommendation remains current.

I

2014 recommendation remains current.

IIa

B

Mitral valve repair is reasonable in asymptomatic patients with
chronic severe primary MR (stage C1) with preserved LV function
(LVEF >60% and LVESD <40 mm) in whom the likelihood of a
successful and durable repair without residual MR is greater
than 95% with an expected mortality rate of less than 1% when
performed at a Heart Valve Center of Excellence.101,106–112

IIa

C-LD

Mitral valve surgery is reasonable for asymptomatic patients
with chronic severe primary MR (stage C1) and preserved
LV function (LVEF >60% and LVESD <40 mm) with a
progressive increase in LV size or decrease in ejection
fraction (EF) on serial imaging studies.112–115 (Figure 2)

NEW: Patients with severe MR who reach an EF ≤60% or
LVESD ≥40 have already developed LV systolic dysfunction,
so operating before reaching these parameters, particularly
with a progressive increase in LV size or decrease in EF on
serial studies, is reasonable.

See Online Data
Supplement 17
(Updated From 2014
VHD Guideline)

Recommendations

Comment/Rationale

There is concern that the presence of MR leads to progressively more severe MR (“mitral regurgitation begets mitral regurgitation”). The concept is that the initial
level of MR causes LV dilatation, which increases stress on the mitral apparatus, causing further damage to the valve apparatus, more severe MR and further LV
dilatation, thus initiating a perpetual cycle of ever-increasing LV volumes and MR. Longstanding volume overload leads to irreversible LV dysfunction and a poorer
prognosis. Patients with severe MR who develop an EF ≤60% or LVESD ≥40 have already developed LV systolic dysfunction.112–115 One study has suggested
that for LV function and size to return to normal after mitral valve repair, the left ventricular ejection fraction (LVEF) should be >64% and LVESD <37 mm.112 Thus,
when longitudinal follow-up demonstrates a progressive decrease of EF toward 60% or a progressive increase in LVESD approaching 40 mm, it is reasonable
to consider intervention. Nonetheless, the asymptomatic patient with stable LV dimensions and excellent exercise capacity can be safely observed.116

IIa

B

e1168 June 20/27, 2017

Mitral valve repair is reasonable for asymptomatic patients
with chronic severe nonrheumatic primary MR (stage C1)
and preserved LV function (LVEF >60% and LVESD <40
mm) in whom there is a high likelihood of a successful
and durable repair with 1) new onset of AF or 2) resting
pulmonary hypertension (pulmonary artery systolic arterial
pressure >50 mm Hg).111,117–123

2014 recommendation remains current.
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Recommendations for Chronic Primary MR Intervention (Continued)
COR

LOE
C

Concomitant mitral valve repair is reasonable in patients with
chronic moderate primary MR (stage B) when undergoing
cardiac surgery for other indications.

2014 recommendation remains current.

IIa

C

Mitral valve surgery may be considered in symptomatic
patients with chronic severe primary MR and LVEF less than
or equal to 30% (stage D).

2014 recommendation remains current.

IIb

2014 recommendation remains current.

B

Transcatheter mitral valve repair may be considered for
severely symptomatic patients (NYHA class III to IV) with
chronic severe primary MR (stage D) who have favorable
anatomy for the repair procedure and a reasonable life
expectancy but who have a prohibitive surgical risk because
of severe comorbidities and remain severely symptomatic
despite optimal GDMT for heart failure (HF).124

2014 recommendation remains current.

B

MVR should not be performed for the treatment of
isolated severe primary MR limited to less than one half
of the posterior leaflet unless mitral valve repair has been
attempted and was unsuccessful.84,89,90,95

IIb

III: Harm

Recommendations

Comment/Rationale
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AND GUIDELINES

Downloaded from http://ahajournals.org by on September 12, 2018

Figure 2. Indications for Surgery for MR (Updated Figure 4 From the 2014 VHD guideline).

*MV repair is preferred over MV replacement when possible.
AF indicates atrial fibrillation; CAD, coronary artery disease; CRT, cardiac resynchronization therapy; EF, ejection fraction; ERO,
effective regurgitant orifice; HF, heart failure; LV, left ventricular; LVEF, left ventricular ejection fraction; LVESD, left ventricular
end-systolic diameter; MR, mitral regurgitation; MV, mitral valve; NYHA, New York Heart Association; PASP, pulmonary artery
systolic pressure; RF, regurgitant fraction; RVol, regurgitant volume; and Rx, therapy.
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7.4. Chronic Secondary MR
7.4.3. Intervention: Recommendations
Chronic severe secondary MR adds volume overload to
a decompensated LV and worsens prognosis. However,
there are only sparse data to indicate that correcting MR
prolongs life or even improves symptoms over an extend-

ed time. Percutaneous mitral valve repair provides a less
invasive alternative to surgery but is not approved for clinical use for this indication in the United States.70,72,125–127
The results of RCTs examining the efficacy of percutaneous mitral valve repair in patients with secondary MR are
needed to provide information on this patient group.128,129

Recommendations for Secondary MR Intervention
COR

LOE

IIa

C

IIa

B-R

See Online Data
Supplement 18
(Updated From 2014
VHD Guideline)

Recommendations

Comment/Rationale

Mitral valve surgery is reasonable for patients with chronic
severe secondary MR (stages C and D) who are undergoing
CABG or AVR.

2014 recommendation remains current.

It is reasonable to choose chordal-sparing MVR over
downsized annuloplasty repair if operation is considered
for severely symptomatic patients (NYHA class III to IV)
with chronic severe ischemic MR (stage D) and persistent
symptoms despite GDMT for HF.69,70,125,127,130–139

NEW: An RCT has shown that mitral valve repair is
associated with a higher rate of recurrence of moderate
or severe MR than that associated with mitral valve
replacement (MVR) in patients with severe, symptomatic,
ischemic MR, without a difference in mortality rate at 2
years’ follow-up.

In an RCT of mitral valve repair versus MVR in 251 patients with severe ischemic MR, mortality rate at 2 years was 19.0% in the repair group and
23.2% in the replacement group (P=0.39).70 There was no difference between repair and MVR in LV remodeling. The rate of recurrence of moderate
or severe MR over 2 years was higher in the repair group than in the replacement group (58.8% versus 3.8%, P<0.001), leading to a higher
incidence of HF and repeat hospitalizations in the repair group.70 The high mortality rate at 2 years in both groups emphasizes the poor prognosis of
secondary MR. The lack of apparent benefit of valve repair over valve replacement in secondary MR versus primary MR highlights that primary and
secondary MR are 2 different diseases.69,125,127,130–139

Downloaded from http://ahajournals.org by on September 12, 2018

IIb

B

IIb

B-R

See Online Data
Supplement 18
(Updated From 2014
VHD Guideline)

Mitral valve repair or replacement may be considered
for severely symptomatic patients (NYHA class III to
IV) with chronic severe secondary MR (stage D) who
have persistent symptoms despite optimal GDMT for
HF.125,127,130–140

2014 recommendation remains current.

In patients with chronic, moderate, ischemic MR (stage B)
undergoing CABG, the usefulness of mitral valve repair is
uncertain.71,72

MODIFIED: LOE updated from C to B-R. The 2014
recommendation supported mitral valve repair in this group
of patients. An RCT showed no clinical benefit of mitral
repair in this population of patients, with increased risk of
postoperative complications.

In an RCT of 301 patients with moderate ischemic MR undergoing CABG, mortality rate at 2 years was 10.6% in the group undergoing CABG alone
and 10.0% in the group undergoing CABG plus mitral valve repair (HR in the combined-procedure group=0.90; 95% CI: 0.45 to 1.83; P=0.78).71
There was a higher rate of moderate or severe residual MR in the CABG-alone group (32.3% versus 11.2%; P<0.001), even though LV reverse
remodeling was similar in both groups.71 Although rates of hospital readmission and overall serious adverse events were similar in the 2 groups,
neurological events and supraventricular arrhythmias were more frequent with combined CABG and mitral valve repair. Thus, only weak evidence to
support mitral repair for moderate secondary MR at the time of other cardiac surgery is currently available.71,72
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11. PROSTHETIC VALVES
11.1. Evaluation and Selection of Prosthetic Valves
11.1.2. Intervention: Recommendations
Recommendations for Intervention of Prosthetic Valves
COR

LOE

Recommendations

I

C-LD

The choice of type of prosthetic heart valve should be a
shared decision-making process that accounts for the
patient’s values and preferences and includes discussion
of the indications for and risks of anticoagulant therapy
and the potential need for and risk associated with
reintervention.141–146

See Online Data
Supplement 20
(Updated From 2014
VHD Guideline)

Comment/Rationale
MODIFIED: LOE updated from C to C-LD. In choosing
the type of prosthetic valve, the potential need for and
risk of “reoperation” was updated to risk associated with
“reintervention.” The use of a transcatheter valve-invalve procedure may be considered for decision making
on the type of valve, but long-term follow-up is not yet
available, and some bioprosthetic valves, particularly
the smaller-sized valves, will not be suitable for a
valve-in-valve replacement. Multiple other factors to be
considered in the choice of type of valve for an individual
patient; these factors are outlined in the text. More
emphasis has been placed on shared decision making
between the caregiver and patient.

I

C

IIa

B-NR

See Online Data
Supplement 20
(Updated From 2014
VHD Guideline)

A bioprosthesis is recommended in patients of any age for
whom anticoagulant therapy is contraindicated, cannot be
managed appropriately, or is not desired.

2014 recommendation remains current.

An aortic or mitral mechanical prosthesis is reasonable
for patients less than 50 years of age who do not have a
contraindication to anticoagulation.141,149,151,155–157

MODIFIED: LOE updated from B to B-NR. The age limit
for mechanical prosthesis was lowered from 60 to 50 years
of age.

Patients <50 years of age at the time of valve implantation incur a higher and earlier risk of bioprosthetic valve deterioration.141,149,151,155–157 Overall,
the predicted 15-year risk of needing reoperation because of structural deterioration is 22% for patients 50 years of age, 30% for patients 40 years
of age, and 50% for patients 20 years of age, although it is recognized that all bioprostheses are not alike in terms of durability.151 Anticoagulation
with a VKA can be accomplished with acceptable risk in the majority of patients <50 years of age, particularly in compliant patients with appropriate
monitoring of International Normalized Ratio (INR) levels. Thus, the balance between valve durability versus risk of bleeding and thromboembolic
events favors the choice of a mechanical valve in patients <50 years of age, unless anticoagulation is not desired, cannot be monitored, or is
contraindicated. (See the first Class I recommendation for additional discussion).
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The choice of valve prosthesis in an individual patient is based on consideration of several factors, including valve durability, expected
hemodynamics for a specific valve type and size, surgical or interventional risk, the potential need for long-term anticoagulation, and patient
values and preferences.147–149 Specifically, the trade-off between the potential need for reintervention for bioprosthetic structural valve
deterioration and the risk associated with long-term anticoagulation should be discussed in detail with the patient.142–145 Some patients prefer
to avoid repeat surgery and are willing to accept the risks and inconvenience of lifelong anticoagulant therapy. Other patients are unwilling to
consider long-term VKA therapy because of the inconvenience of monitoring, the attendant dietary and medication interactions, and the need
to restrict participation in some types of athletic activity. Several other factors must be taken into consideration in a decision about the type of
valve prosthesis, including other comorbidities (Table 3). Age is important because the incidence of structural deterioration of a bioprosthesis
is greater in younger patients, but the risk of bleeding from anticoagulation is higher in older patients.142,143,150,151 A mechanical valve might be
a prudent choice for patients for whom a second surgical procedure would be high risk (ie, those with prior radiation therapy or a porcelain
aorta). In patients with shortened longevity and/or multiple comorbidities, a bioprosthesis would be most appropriate. In women who desire
subsequent pregnancy, the issue of anticoagulation during pregnancy is an additional consideration (Section 13 in the 2014 VHD guideline). The
availability of transcatheter valve-in-valve replacement is changing the dynamics of the discussion of the trade-offs between mechanical and
bioprosthetic valves, but extensive long-term follow-up of transcatheter valves is not yet available, and not all bioprostheses are suitable for a
future valve-in-valve procedure.152–154 A valve-in-valve procedure will always require insertion of a valve smaller than the original bioprosthesis,
and patient–prosthesis mismatch is a potential problem, depending on the size of the initial prosthesis. Irrespective of whether a mechanical
valve or bioprosthesis is placed, a root enlargement should be considered in patients with a small annulus to ensure that there is not an initial
patient–prosthesis mismatch.

Nishimura et al

Recommendations for Intervention of Prosthetic Valves (Continued)
COR

LOE

Recommendations

IIa

B-NR

For patients between 50 and 70 years of age, it is
reasonable to individualize the choice of either a mechanical
or bioprosthetic valve prosthesis on the basis of individual
patient factors and preferences, after full discussion of the
tradeoffs involved.141–145,157–160

See Online Data
Supplement 20
(Updated From 2014
VHD Guideline)

Comment/Rationale
MODIFIED: Uncertainty exists about the optimum type of
prosthesis (mechanical or bioprosthetic) for patients 50
to 70 years of age. There are conflicting data on survival
benefit of mechanical versus bioprosthetic valves in this
age group, with equivalent stroke and thromboembolic
outcomes. Patients receiving a mechanical valve incur
greater risk of bleeding, and those undergoing bioprosthetic
valve replacement more often require repeat valve surgery.

Uncertainty and debate continue about which type of prosthesis is appropriate for patients 50 to 70 years of age. RCTs incorporating most-recent-generation
valve types are lacking. Newer-generation tissue prostheses may show greater freedom from structural deterioration, specifically in the older
individual, although a high late mortality rate in these studies may preclude recognition of valve dysfunction.147,149–151,161 The risks of bleeding and
thromboembolism with mechanical prostheses are now low, especially in compliant patients with appropriate INR monitoring. Observational and
propensity-matched data vary, and valve-in-valve technology has not previously been incorporated into rigorous decision analysis. Several studies have
shown a survival advantage with a mechanical prosthesis in this age group.142,157–159 Alternatively, large retrospective observational studies have shown
similar long-term survival in patients 50 to 69 years of age undergoing mechanical versus bioprosthetic valve replacement.143–145,160 In general, patients
with mechanical valve replacement experience a higher risk of bleeding due to anticoagulation, whereas individuals who receive a bioprosthetic valve
replacement experience a higher rate of reoperation due to structural deterioration of the prosthesis and perhaps a decrease in survival.142,143,145–160,162
Stroke rate appears to be similar in patients undergoing either mechanical or bioprosthetic AVR, but it is higher with mechanical than with bioprosthetic
MVR.142–145,157 There are several other factors to consider in the choice of type of valve prosthesis (Table 3). Ultimately, the choice of mechanical versus
bioprosthetic valve replacement for all patients, but especially for those between 50 and 70 years of age, is a shared decision-making process that
must account for the trade-offs between durability (and the need for reintervention), bleeding, and thromboembolism.143,145–160,162
IIa

IIb
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B

A bioprosthesis is reasonable for patients more than 70
years of age.163–166

2014 recommendation remains current.
2014 recommendation remains current.

C

Replacement of the aortic valve by a pulmonary autograft
(the Ross procedure), when performed by an experienced
surgeon, may be considered for young patients when VKA
anticoagulation is contraindicated or undesirable.167–169

11.2. Antithrombotic Therapy for Prosthetic Valves
11.2.1. Diagnosis and Follow-Up
Effective oral antithrombotic therapy in patients with mechanical heart valves requires continuous VKA anticoagulation with an INR in the target range. It is preferable to specify a single INR target for each patient and to recognize
that the acceptable range includes 0.5 INR units on each

side of this target. A specific target is preferable because it
reduces the likelihood of patients having INR values consistently near the upper or lower boundary of the range. In addition, fluctuations in INR are associated with an increased
incidence of complications in patients with prosthetic heart
valves, so patients and caregivers should strive to attain
the specific INR value.170,171 The effects of VKA anticoagula-

Table 3. Factors Used for Shared Decision Making About Type of Valve Prosthesis
Favor Mechanical Prosthesis

Favor Bioprosthesis

Age <50 y

Age >70 y

 Increased incidence of structural deterioration with bioprosthesis
(15-y risk: 30% for age 40 y, 50% for age 20 y)

 Low incidence of structural deterioration (15-y risk: <10% for age
>70 y)

Lower risk of anticoagulation complications

Higher risk of anticoagulation complications

Patient preference (avoid risk of reintervention) of valve sounds)

Patient preference (avoid risk and inconvenience of anticoagulation
and absence

Low risk of long-term anticoagulation

High risk of long-term anticoagulation

Compliant patient with either home monitoring or close access to INR
monitoring

Limited access to medical care or inability to regulate VKA

Other indication for long-term anticoagulation (eg, AF)

Access to surgical centers with low reoperation mortality rate

High-risk reintervention (eg, porcelain aorta, prior radiation therapy)
Small aortic root size for AVR (may preclude valve-in-valve procedure in future).
AF indicates atrial fibrillation; AVR, aortic valve replacement; INR, International Normalized Ratio; and VKA, vitamin K antagonist.
e1172 June 20/27, 2017
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tion vary with the specific drug, absorption, various foods,
alcohol, other medications, and changes in liver function.
Most of the published studies of VKA therapy used warfarin,
although other coumarin agents are used on a worldwide
basis. In clinical practice, a program of patient education
and close surveillance by an experienced healthcare professional, with periodic INR determinations, is necessary.
Patient monitoring through dedicated anticoagulation clin-

ics results in lower complication rates than those seen with
standard care and is cost effective because of lower rates
of bleeding and hemorrhagic complications.172,173 Periodic
direct patient contact and telephone encounters174 with
the anticoagulation clinic pharmacists175,176 or nurses are
equally effective in reducing complication rates.177 Selfmonitoring with home INR measurement devices is another option for educated and motivated patients.

11.2.2. Medical Therapy: Recommendations
Recommendations for Antithrombotic Therapy for Patients with Prosthetic Heart Valves
COR

LOE

Recommendations

Comment/Rationale
2014 recommendation remains current.
2014 recommendation remains current.

B

Anticoagulation with a VKA to achieve an INR of 2.5 is
recommended for patients with a mechanical bileaflet or
current-generation single-tilting disc AVR and no risk factors
for thromboembolism.178,184–186

2014 recommendation remains current.

I

B

Anticoagulation with a VKA is indicated to achieve an INR
of 3.0 in patients with a mechanical AVR and additional
risk factors for thromboembolic events (AF, previous
thromboembolism, LV dysfunction, or hypercoagulable
conditions) or an older-generation mechanical AVR (such as
ball-in-cage).178

I

B

Anticoagulation with a VKA is indicated to achieve an INR of
3.0 in patients with a mechanical MVR.178,187,188

2014 recommendation remains current.

A

Aspirin 75 mg to 100 mg daily is recommended in addition
to anticoagulation with a VKA in patients with a mechanical
valve prosthesis.178,189,190

2014 recommendation remains current.

I
IIa

B

Aspirin 75 mg to 100 mg per day is reasonable in all
patients with a bioprosthetic aortic or mitral valve.178,191–194

2014 recommendation remains current.

IIa

B-NR

Anticoagulation with a VKA to achieve an INR of 2.5 is
reasonable for at least 3 months and for as long as 6
months after surgical bioprosthetic MVR or AVR in patients
at low risk of bleeding.195–197

MODIFIED: LOE updated from C to B-NR.
Anticoagulation for all surgical tissue prostheses was
combined into 1 recommendation, with extension of
the duration of anticoagulation up to 6 months. Stroke
risk and mortality rate are lower in patients who receive
anticoagulation for up to 6 months after implantation of
a tissue prosthesis than in those who have do not have
anticoagulation. Anticoagulation for a tissue prosthesis
is also supported by reports of valve thrombosis for
patients undergoing bioprosthetic surgical AVR or MVR, a
phenomenon that may be warfarin responsive.

I

I
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See Online Data
Supplement 6.

Many patients who undergo implantation of a surgical bioprosthetic MVR or AVR will not require life-long anticoagulation. However, there is an
increased risk of ischemic stroke early after operation, particularly in the first 90 to 180 days after operation with either a bioprosthetic AVR or
MVR.198–205 Anticoagulation early after valve implantation is intended to decrease the risk of thromboembolism until the prosthetic valve is fully
endothelialized. The potential benefit of anticoagulation therapy must be weighed against the risk of bleeding. In a nonrandomized study, patients with
a bioprosthetic MVR who received anticoagulation had a lower rate of thromboembolism than those who did not receive therapy with VKA (2.5% per
year with anticoagulation versus 3.9% per year without anticoagulation; P=0.05).193 Even with routine anticoagulation early after valve surgery, the
incidence of ischemic stroke within the first 30 postoperative days was higher after replacement with a biological prosthesis (4.6±1.5%) than after
mitral valve repair (1.5±0.4%) or replacement with a mechanical prosthesis (1.3±0.8%; P<0.001).206 Small RCTs have not established a convincing
net benefit of anticoagulation after implantation of a bioprosthetic AVR205,207; however, a large observational Danish registry demonstrated a lower
risk of stroke and death with VKA extending up to 6 months, without a significantly increased bleeding risk.197 Concern has also been raised about
a higher-than-recognized incidence of bioprosthetic valve thrombosis leaflets after surgical valve replacement.196 Thus, anticoagulation with an INR
target of 2.5 may be reasonable for at least 3 months and perhaps for as long as 6 months after implantation of a surgical bioprosthetic MVR or AVR
in patients at low risk of bleeding. Compared with oral anticoagulation alone, the addition of dual-antiplatelet therapy results in at least a 2- to 3-fold
increase in bleeding complications, and the recommendations on triple therapy should be followed.208
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A

Anticoagulation with a VKA and INR monitoring is recommended
in patients with a mechanical prosthetic valve.178–183
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Recommendations for Antithrombotic Therapy for Patients with Prosthetic Heart Valves (Continued)
COR

LOE

Recommendations

IIb

B-R

A lower target INR of 1.5 to 2.0 may be reasonable in
patients with mechanical On-X AVR and no thromboembolic
risk factors.209

See Online Data
Supplement 6.

Comment/Rationale
NEW: A lower target INR was added for patients with a
mechanical On-X AVR and no thromboembolic risk factors
treated with warfarin and low-dose aspirin. A single RCT of
lower- versus standard-intensity anticoagulation in patients
undergoing On-X AVR showed equivalent outcomes, but the
bleeding rate in the control group was unusually high.

In patients without risk factors who receive a mechanical On-X aortic heart valve (On-X Life Technologies Inc., Austin, Texas), a lower INR target of 1.5
to 2.0 (in conjunction with aspirin 81 mg daily) may be considered for long-term management, beginning 3 months after surgery. Warfarin dosing is
targeted to an INR of 2.5 (range 2.0 to 3.0) for the first 3 months after surgery.209 This is based on a single RCT of lower- versus standard-intensity
anticoagulation in patients undergoing On-X AVR, showing equivalent outcomes. The control arm did have a bleeding rate of 3.2% per patient-year.209
IIb

B-NR

See Online Data
Supplement 6.

Anticoagulation with a VKA to achieve an INR of 2.5 may be
reasonable for at least 3 months after TAVR in patients at
low risk of bleeding.203,210,211

NEW: Studies have shown that valve thrombosis may
develop in patients after TAVR, as assessed by multidetector
computerized tomographic scanning. This valve thrombosis
occurs in patients who received antiplatelet therapy alone but
not in patients who were treated with VKA.

Several studies have demonstrated the occurrence of prosthetic valve thrombosis after TAVR, as assessed by multidetector computerized tomography,
which shows reduced leaflet motion and hypo-attenuating opacities. The incidence of this finding has varied from7%to 40%, depending on whether
the patients are from a clinical trial or registry and whether some patients received anticoagulation with VKA.203,210,211 Up to 18% of patients with
a thrombus formation developed clinically overt obstructive valve thrombosis.210 A post-TAVR antithrombotic regimen without warfarin seems to
predispose patients to the development of valve thrombosis.203,210 The utility of the DOACs in this population is unknown at this time.

Downloaded from http://ahajournals.org by on September 12, 2018

C

Clopidogrel 75 mg daily may be reasonable for the first 6
months after TAVR in addition to life-long aspirin 75 mg to
100 mg daily.

2014 recommendation remains current.

IIb

B

Anticoagulant therapy with oral direct thrombin inhibitors
or anti-Xa agents should not be used in patients with
mechanical valve prostheses.200,212,213

2014 recommendation remains current.

III: Harm

11.3. Bridging Therapy for Prosthetic Valves
11.3.1. Diagnosis and Follow-Up
The management of patients with mechanical heart
valves for whom interruption of anticoagulation therapy

is needed for diagnostic or surgical procedures should
take into account the type of procedure; bleeding risk;
patient risk factors; and type, location, and number of
heart valve prostheses.

11.3.2. Medical Therapy: Recommendations
Recommendations for Bridging Therapy for Prosthetic Valves
COR

LOE

Recommendations

Comment/Rationale
2014 recommendation remains current.

C

Continuation of VKA anticoagulation with a therapeutic INR
is recommended in patients with mechanical heart valves
undergoing minor procedures (such as dental extractions or
cataract removal) where bleeding is easily controlled.

2014 recommendation remains current.

I

C

Temporary interruption of VKA anticoagulation, without
bridging agents while the INR is subtherapeutic, is
recommended in patients with a bileaflet mechanical AVR
and no other risk factors for thrombosis who are undergoing
invasive or surgical procedures.

IIa

C-LD

Bridging anticoagulation therapy during the time interval
whenthe INR is subtherapeutic preoperatively is reasonable
on an individualized basis, with the risks of bleeding
weighed against the benefits of thromboembolism
prevention, for patients who are undergoing invasive or
surgical procedures with a 1) mechanical AVR and any
thromboembolic risk factor, 2) older-generation mechanical
AVR, or 3) mechanical MVR.199,214,215

MODIFIED: COR updated from I to IIa, LOE updated
from C to C-LD. RCTs of bridging anticoagulant therapy
versus no bridging therapy for patients with AF who do not
have a mechanical heart valve have shown higher risk of
bleeding without a change in incidence of thromboembolic
events. This may have implications for bridging
anticoagulation therapy for patients with prosthetic valves.

I

See Online Data
Supplement 21
(Updated From 2014
VHD Guideline)
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Recommendations for Bridging Therapy for Prosthetic Valves (Continued)
“Bridging” therapy with either intravenous unfractionated heparin or low-molecular-weight heparin has evolved empirically to reduce thromboembolic
events during temporary interruption of oral anticoagulation in higher-risk patients, such as those with a mechanical MVR or AVR and additional risk
factors for thromboembolism (eg, AF, previous thromboembolism, hypercoagulable condition, older-generation mechanical valves [ball-cage or tilting
disc], LV systolic dysfunction, or >1 mechanical valve).214
When interruption of oral VKA therapy is deemed necessary, the agent is usually stopped 3 to 4 days before the procedure (so the INR falls to
<1.5 for major surgical procedures) and is restarted postoperatively as soon as bleeding risk allows, typically 12 to 24 hours after surgery. Bridging
anticoagulation with intravenous unfractionated heparin or subcutaneous low-molecular-weight heparin is started when the INR falls below the
therapeutic threshold (ie, 2.0 or 2.5, depending on the clinical context), usually 36 to 48 hours before surgery, and is stopped 4 to 6 hours (for
intravenous unfractionated heparin) or 12 hours (for subcutaneous low-molecular-weight heparin) before the procedure.
There are no randomized comparative-effectiveness trials evaluating a strategy of bridging versus no bridging in adequate numbers of patients
with prosthetic heart valves needing temporary interruption of oral anticoagulant therapy, although such studies are ongoing. The evidence used to
support bridging therapy derives from cohort studies with poor or no comparator groups.214,215 In patient groups other than those with mechanical
heart valves, increasing concerns have surfaced that bridging therapy exposes patients to higher bleeding risks without reducing the risk of
thromboembolism.199 Accordingly, decisions about bridging should be individualized and should account for the trade-offs between thrombosis and
bleeding.
COR

LOE

IIa

C

Recommendations
Administration of fresh frozen plasma or prothrombin
complex concentrate is reasonable in patients with
mechanical valves receiving VKA therapy who require
emergency noncardiac surgery or invasive procedures.

Comment/Rationale
2014 recommendation remains current.

11.6. Acute Mechanical Prosthetic Valve Thrombosis
11.6.1. Diagnosis and Follow-Up: Recommendation
Recommendation for Mechanical Prosthetic Valve Thrombosis Diagnosis and Follow-Up
LOE

Recommendation

I

B-NR

Urgent evaluation with multimodality imaging is indicated
in patients with suspected mechanical prosthetic valve
thrombosis to assess valvular function, leaflet motion, and
the presence and extent of thrombus.216–222

See Online Data
Supplement 7.

Comment/Rationale
MODIFIED: LOE updated to B-NR. Multiple
recommendations for imaging in patients with suspected
mechanical prosthetic valve thrombosis were combined
into a single recommendation. Multimodality imaging with
transthoracic echocardiography (TTE), transesophageal
echocardiography (TEE), fluoroscopy, and/or computed
tomography (CT) scanning may be more effective than one
imaging modality alone in detecting and characterizing
valve thrombosis. Different imaging modalities are
necessary because valve function, leaflet motion, and
extent of thrombus should all be evaluated.

Obstruction of mechanical prosthetic heart valves may be caused by thrombus formation, pannus ingrowth, or a combination of both.216 The
presentation can vary from mild dyspnea to severe acute pulmonary edema. Urgent diagnosis, evaluation, and therapy are indicated because rapid
deterioration can occur if there is thrombus causing malfunction of leaflet opening. The examination may demonstrate a stenotic murmur and muffled
closing clicks, and further diagnostic evaluation is required. TTE and/or TEE should be performed to examine valve function and the status of the left
ventricle.216 Leaflet motion should be visualized with TEE (particularly for a mitral prosthesis) or with CT or fluoroscopy (for an aortic prosthesis).217–223
Prolonged periods of observation under fluoroscopy or TEE may be required to diagnose intermittent obstruction. The presence and quantification of
thrombus should be evaluated by either TEE or CT.217,223 Differentiation of valve dysfunction due to thrombus versus fibrous tissue ingrowth (pannus)
is challenging because the clinical presentations are similar. Thrombus is more likely with a history of inadequate anticoagulation, a more acute onset
of valve dysfunction, and a shorter time between surgery and symptoms. Mechanical prosthetic valve thrombosis is diagnosed by an abnormally
elevated gradient across the prosthesis, with either limited leaflet motion or attached mobile densities consistent with thrombus, or both. Vegetations
from IE must be excluded. If obstruction is present with normal leaflet motion and no thrombus, either patient–prosthesis mismatch or pannus
formation is present (or both). Thrombus formation on the valve in the absence of obstruction can also occur and is associated with an increased risk
of embolic events.
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COR
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11.6.3. Intervention: Recommendation
Recommendation for Mechanical Prosthetic Valve Thrombosis Intervention
COR

LOE

Recommendation

I

B-NR

Urgent initial treatment with either slow-infusion low-dose
fibrinolytic therapy or emergency surgery is recommended
for patients with a thrombosed leftsided mechanical
prosthetic heart valve presenting with symptoms of valve
obstruction.224–231

See Online Data
Supplement 7 and 7A.

Comment/Rationale
MODIFIED: LOE updated to B-NR. Multiple
recommendations based only on NYHA class symptoms
were combined into 1 recommendation. Slow-infusion
fibrinolytic therapy has higher success rates and lower
complication rates than prior high-dose regimens and is
effective in patients previously thought to require urgent
surgical intervention. The decision for emergency surgery
versus fibrinolytic therapy should be based on multiple
factors, including the availability of surgical expertise and
the clinical experience with both treatments.

Mechanical left-sided prosthetic valve obstruction is a serious complication with high mortality and morbidity and requires urgent therapy with either
fibrinolytic therapy or surgical intervention. There has not been an RCT comparing the 2 interventions, and the literature consists of multiple case
reports, single-center studies, multicenter studies, registry reports, and meta-analyses—with all the inherent problems of differing definitions of
initial diagnosis, fibrinolytic regimens, and surgical expertise224–235 (Data Supplement 7A). The overall 30-day mortality rate with surgery is 10% to
15%, with a lower mortality rate of <5% in patients with NYHA class I/II symptoms.225,226,232–234 The results of fibrinolytic therapy before 2013 showed
an overall 30-day mortality rate of 7% and hemodynamic success rate of 75% but a thromboembolism rate of 13% and major bleeding rate of 6%
(intracerebral hemorrhage, 3%).224–230 However, recent reports using an echocardiogram-guided slow-infusion low-dose fibrinolytic protocol have
shown success rates >90%, with embolic event rates <2% and major bleeding rates <2%.231,235 This fibrinolytic therapy regimen can be successful
even in patients with advanced NYHA class and larger-sized thrombi. On the basis of these findings, the writing group recommends urgent initial
therapy for prosthetic mechanical valve thrombosis resulting in symptomatic obstruction, but the decision for surgery versus fibrinolysis is dependent
on individual patient characteristics that would support the recommendation of one treatment over the other, as shown in Table 4, as well as the
experience and capabilities of the institution. All factors must be taken into consideration in a decision about therapy, and the decision-making
process shared between the caregiver and patient. Final definitive plans should be based on the initial response to therapy.
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11.7. Prosthetic Valve Stenosis
Surgical reoperation to replace the stenotic prosthetic
heart valve has been the mainstay treatment modality.
Although it is associated with acceptable mortality and
morbidity in the current era, it remains a serious clinical
event and carries a higher risk than the initial surgery.
Reoperation is usually required for moderate-to-severe
prosthetic dysfunction (structural and nonstructural), dehiscence, and prosthetic valve endocarditis. Reoperation
may also be needed for recurrent thromboembolism, severe intravascular hemolysis, severe recurrent bleeding
from anticoagulant therapy, and thrombosed prosthetic
valves. In 2015, catheter-based therapy with transcatheter valve-in-valve emerged as an acceptable alternative
to treat high- and extreme-risk patients with bioprosthetic aortic valve stenosis (stenosis, insufficiency, or combined) in the absence of active IE.154
Symptomatic prosthetic valve stenosis secondary to
thrombosis is observed predominantly with mechanical
valves. Mechanical prosthetic valve thrombosis and its
treatment are discussed in Section 11.6. Bioprosthetic
valve thrombosis can result in thromboembolic events or
obstruction. In a pooled analysis from 3 studies including 187 patients who underwent either TAVR or bioprosthetic surgical AVR, reduced leaflet motion was noted
on 4-dimensional volume-rendered CT imaging in 21% of
patients.203 In this small cohort, therapeutic anticoagulation with warfarin was associated with lower incidence
e1176 June 20/27, 2017

of reduced leaflet motion than that associated with dual
antiplatelet therapy, as well as more restoration of leaflet motion on follow-up CT imaging. Subclinical leaflet
thrombosis was identified as the likely cause on the basis of advanced and characteristic imaging findings.203
As outlined by the US Food and Drug Administration,

Table 4. Fibrinolysis Versus Surgery for
ProstheticValve Thrombosis
Favor Surgery

Favor Fibrinolysis

Readily available surgical
expertise

No surgical expertise available

Low surgical risk

High surgical risk

Contraindication to fibrinolysis

No contraindication to fibrinolysis

Recurrent valve thrombosis

First-time episode of valve thrombosis

NYHA class IV

NYHA class I–III

Large clot (>0.8 cm )

Small clot (≤0.8 cm2)

Left atrial thrombus

No left atrial thrombus

Concomitant CAD in need of
revascularization

No or mild CAD

Other valve disease

No other valve disease

Possible pannus

Thrombus visualized

Patient choice

Patient choice

2

CAD indicates coronary artery disease; and NYHA, New York Heart
Association.
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most cases of reduced leaflet motion (which occurs in
10% to 40% of TAVR patients and 8% to 12% of surgical AVR patients) were discovered by advanced imaging studies in asymptomatic patients.236 The diagnosis
of bioprosthetic valve thrombosis remains difficult, with
most suspected bioprosthetic valve thrombosis based
on increased transvalvular gradients.
In some patients, the size of the prosthetic valve that
can be implanted results in inadequate blood flow to
meet the metabolic demands of the patient, even when
the prosthetic valve itself is functioning normally. This situation, called patient–prosthesis mismatch (defined as
an indexed effective orifice area ≤0.85 cm2/m2 for aortic valve prostheses), is a predictor of a high transvalvular gradient, persistent LV hypertrophy, and an increased
rate of cardiac events after AVR.237,238 The impact of a
relatively small valve area is most noticeable with severe

patient–
prosthesis mismatch, defined as an indexed orifice area <0.65 cm2/m2. Patient–prosthesis mismatch is
especially detrimental in patients with reduced LVEF and
may decrease the likelihood of resolution of symptoms
and improvement in LVEF. Patient–prosthesis mismatch
can be avoided or reduced by choice of a valve prosthesis that will have an adequate indexed orifice area,
determined by the patient’s body size and annular dimension. In some cases, annular enlargement or other
approaches may be needed to allow implantation of an
appropriately sized valve or avoidance of a prosthetic
valve. With bileaflet mechanical valves, patterns of blood
flow are complex, and significant pressure recovery may
be present; this may result in a high velocity across the
prosthesis that should not be mistaken for prosthetic
valve stenosis or patient–prosthesis mismatch, particularly in those with small aortic diameters.

11.7.3. Intervention: Recommendation
Recommendations for Prosthetic Valve Stenosis
COR

LOE

I

C

IIa

C-LD

See Online Data
Supplement 8.

Recommendations

Comment/Rationale

Repeat valve replacement is indicated for severe
symptomatic prosthetic valve stenosis.239–241

2014 recommendation remains current.

In patients with suspected or confirmed bioprosthetic valve
thrombosis who are hemodynamically stable and have no
contraindications to anticoagulation, initial treatment with a
VKA is reasonable.203,242–246

NEW: Case series of patients presenting with bioprosthetic
valve stenosis have suggested improvement in
hemodynamics with VKA treatment because of resolution of
thrombus on the valve leaflets.

IIa

B-NR

See Online
Supplement 9.

For severely symptomatic patients with bioprosthetic aortic
valve stenosis judged by the heart team to be at high or
prohibitive risk of reoperation, and in whom improvement in
hemodynamics is anticipated, a transcatheter valve-in-valve
procedure is reasonable.154,247,248

NEW: Registries and case series have reported on the
short-term outcomes and complication rates in patients
with bioprosthetic AS who have undergone transcatheter
valve-in-valve therapy.

The VIVID (Valve-In-Valve International Data) Registry is the largest registry to date examining outcomes of the transcatheter valve-in-valve procedure
in 459 patients, of whom about 40% had isolated stenosis and 30% had combined regurgitation and stenosis.154 Within 1 month after the valvein-valve procedure, 7.6% of patients died, 1.7% had a major stroke, and 93% of survivors experienced good functional status (NYHA class I/II). The
overall 1-year survival rate was 83.2%.154 In nonrandomized studies and a systematic review comparing outcomes and safety of the transcatheter
valve-in-valve procedure with repeat surgical AVR, the valve-in-valve procedure was found to have similar hemodynamic outcomes, lower stroke risk,
and reduced bleeding risk as compared with repeat surgery.248 No data are available yet on the durability and long-term outcomes after transcatheter
valve-in-valve procedures. There are also unique clinical and anatomic challenges, requiring experienced operators with an understanding of the
structural and fluoroscopic characteristics of the failed bioprosthetic valve. An anticipated hemodynamic improvement from the transcatheter
valve-in-valve procedure occurs only in patients with larger-sized prostheses, because a smaller-sized valve will always be placed within a failing
bioprosthesis. In 2015, the US Food and Drug Administration approved the transcatheter heart valve-in-valve procedure for patients with symptomatic
heart disease due to stenosis of a surgical bioprosthetic aortic valve who are at high or greater risk for open surgical therapy (as judged by a
heart team, including a cardiac surgeon).249 The transcatheter aortic valve-in-valve procedure is not currently approved to treat para-prosthetic
valve regurgitation or for failed/degenerated transcatheter heart valves; and it is contraindicated in patients with IE. Transcatheter valve-in-valve
implantation has also been successfully performed for failed surgical bioprostheses in the mitral, pulmonic, and tricuspid positions.
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There are no medical therapies known to prevent or treat bioprosthetic valve degeneration. However, bioprosthetic valve thrombosis may present
with slowly progressive stenosis months to years after implantation. Small, nonrandomized studies support the use of VKAs to treat patients with
bioprosthetic valve thrombosis after both surgical AVR and TAVR.203,242–246 In a retrospective single-center report of 31 patients with bioprosthetic
valve thrombosis who were initially treated with either a VKA or surgery/thrombolysis, VKA-treated patients had 87% thrombus resolution and
experienced hemodynamic and clinical improvement comparable to surgery/thrombolysis, with no complications.244 Notably, in that case series, the
peak incidence of bioprosthetic valve thrombosis occurred 13 to 24 months after implantation, with the longest interval being 6.5 years.244 Surgery
or thrombolysis may still be needed for patients who are hemodynamically unstable or have advanced and refractory HF, large mobile thrombus, or
high risk of embolism. At present, the DOACs have not been adequately studied, nor has the US Food and Drug Administration approved them for
prophylaxis or treatment of prosthetic valve thrombosis.

Nishimura et al

11.8. Prosthetic Valve Regurgitation
11.8.3. Intervention: Recommendations
Recommendations for Prosthetic Valve Regurgitation
COR

LOE

I

B

IIa

C-LD

Recommendations

Comment/Rationale

Surgery is recommended for operable patients with
mechanical heart valves with intractable hemolysis
or HF due to severe prosthetic or paraprosthetic
regurgitation.250,251

2014 recommendation remains current.

Surgery is reasonable for asymptomatic patients with severe
bioprosthetic regurgitation if operative risk is acceptable.241

MODIFIED: LOE updated from C to C-LD. A specific
indication for surgery is the presence of severe
bioprosthetic regurgitation in a patient with acceptable
operative risk. With the new recommendation for valvein-valve therapy, indications for intervention need to
account for patients who would benefit from surgery
versus those who would benefit from transcatheter therapy,
determined by type of valve, symptomatic status, and risk
of reoperation.

See Online Data
Supplement 23
(Updated From 2014
VHD Guideline)

Bioprosthetic valve degeneration can result in regurgitation due to leaflet calcification and noncoaptation or leaflet degeneration with a tear or
perforation. Even in asymptomatic patients with severe bioprosthetic regurgitation, valve replacement is reasonable because of the risk of sudden
clinical deterioration if further leaflet tearing occurs.241 The increased risk of a repeat operation must always be taken into consideration. The type
of valve prosthesis and method of replacement selected for a patient undergoing reoperation depend on the same factors as those for patients
undergoing a first valve replacement.

Downloaded from http://ahajournals.org by on September 12, 2018

IIa

B

IIa

B-NR

See Online Data
Supplement 9.

Percutaneous repair of paravalvular regurgitation is
reasonable in patients with prosthetic heart valves and
intractable hemolysis or NYHA class III/IV HF who are at
high risk for surgery and have anatomic features suitable
for catheter-based therapy when performed in centers with
expertise in the procedure.252–254

2014 recommendation remains current.

For severely symptomatic patients with bioprosthetic aortic
valve regurgitation judged by the heart team to be at high or
prohibitive risk for surgical therapy, in whom improvement in
hemodynamics is anticipated, a transcatheter valve-in-valve
procedure is reasonable.154,247,248

NEW: Registries and case series of patients have reported
on the short-term outcomes and complication rates for
patients with bioprosthetic aortic regurgitation who have
undergone transcatheter valve-in-valve replacement.

The VIVID (Valve-In-Valve International Data) Registry is the largest registry to date examining outcomes of the transcatheter valve-in-valve procedure
in 459 patients, of whom 30% had severe prosthetic valve regurgitation and 30% had combined regurgitation and stenosis.154 Within 1 month after
the valve-in-valve procedure, 7.6% of patients died, 1.7% had a major stroke, and 93% of survivors experienced good functional status (NYHA
class I/II). The overall 1-year survival rate was 83.2%.154 In nonrandomized studies and a systematic review comparing outcomes and safety of the
transcatheter valve-in-valve procedure with repeat surgical AVR, the valve-in-valve procedure was found to have similar hemodynamic outcomes,
lower stroke risk, and reduced bleeding risk as compared with repeat surgery.248 No data are available yet on the durability and long-term outcomes
after transcatheter valve-in-valve procedures. There are also unique clinical and anatomic challenges requiring experienced operators with an
understanding of the structural and fluoroscopic characteristics of the failed bioprosthetic valve. The use of transcatheter valve-in-valve procedures
to treat bioprosthetic valve regurgitation should be applied only to patients with larger-sized prostheses for whom hemodynamic improvement
is anticipated. The transcatheter aortic valve-in-valve procedure is not currently approved to treat paraprosthetic valve regurgitation or failed/
degenerated transcatheter heart valves, and it is contraindicated in patients with IE. Transcatheter valve-in-valve implantation has also been
successfully performed for failed surgical bioprostheses in the mitral, pulmonic, and tricuspid positions.
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12. INFECTIVE ENDOCARDITIS
12.2. Infective Endocarditis
12.2.3. Intervention: Recommendations
Recommendations for IE Intervention
LOE
B

Decisions about timing of surgical intervention should be
made by a multispecialty Heart Valve Team of cardiology,
cardiothoracic surgery, and infectious disease specialists.255

2014 recommendation remains current.

I

2014 recommendation remains current.

B

Early surgery (during initial hospitalization before completion
of a full therapeutic course of antibiotics) is indicated in
patients with IE who present with valve dysfunction resulting
in symptoms of HF.256–261

2014 recommendation remains current.

B

Early surgery (during initial hospitalization before completion
of a full therapeutic course of antibiotics) is indicated in
patients with left-sided IE caused by S. aureus, fungal, or
other highly resistant organisms.261–268

2014 recommendation remains current.

B

Early surgery (during initial hospitalization before completion
of a full therapeutic course of antibiotics) is indicated in
patients with IE complicated by heart block, annular or aortic
abscess, or destructive penetrating lesions.261,269–273

2014 recommendation remains current.

B

Early surgery (during initial hospitalization before completion
of a full therapeutic course of antibiotics) for IE is indicated
in patients with evidence of persistent infection as
manifested by persistent bacteremia or fevers lasting longer
than 5 to 7 days after onset of appropriate antimicrobial
therapy.261,263,268,274–276

2014 recommendation remains current.

C

Surgery is recommended for patients with prosthetic valve
endocarditis and relapsing infection (defined as recurrence
of bacteremia after a complete course of appropriate
antibiotics and subsequently negative blood cultures) without
other identifiable source for portal of infection.

2014 recommendation remains current.

B

Complete removal of pacemaker or defibrillator systems,
including all leads and the generator, is indicated as part
of the early management plan in patients with IE with
documented infection of the device or leads.277–280

2014 recommendation remains current.

IIa

B

Complete removal of pacemaker or defibrillator systems,
including all leads and the generator, is reasonable in
patients with valvular IE caused by S. aureus or fungi, even
without evidence of device or lead infection.277–280

C

Complete removal of pacemaker or defibrillator systems,
including all leads and the generator, is reasonable in
patients undergoing valve surgery for valvular IE.

2014 recommendation remains current.

IIa

2014 recommendation remains current.

B

Early surgery (during initial hospitalization before completion
of a full therapeutic course of antibiotics) is reasonable
in patients with IE who present with recurrent emboli
and persistent vegetations despite appropriate antibiotic
therapy.281–283

2014 recommendation remains current.

B

Early surgery (during initial hospitalization before completion
of a full therapeutic course of antibiotics) may be considered
in patients with native valve endocarditis who exhibit mobile
vegetations greater than 10 mm in length (with or without
clinical evidence of embolic phenomenon).281–283

I

I

I

I
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I

IIa

IIb

Recommendations
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Recommendations for IE Intervention (Continued)
COR

LOE

Recommendations

IIb

B-NR

Operation without delay may be considered in patients
with IE and an indication for surgery who have suffered a
stroke but have no evidence of intracranial hemorrhage or
extensive neurological damage.284,285

See Online Data
Supplement 24
(Updated From 2014
VHD Guideline)

Comment/Rationale
NEW: The risk of postoperative neurological deterioration is
low after a cerebral event that has not resulted in extensive
neurological damage or intracranial hemorrhage. If surgery
is required after a neurological event, recent data favor
early surgery for better overall outcomes.

Stroke is an independent risk factor for postoperative death in IE patients. Recommendations about the timing of operative intervention after a stroke
in the setting of IE are hindered by the lack of RCTs and reliance on single-center experiences. In early observational data, there was a significantly
decreased risk of in-hospital death when surgery was performed >4 weeks after stroke.284 These data were not risk adjusted. In an observational
study that did adjust for factors such as age, paravalvular abscess, and HF, the risk of in-hospital death was not significantly higher in the group who
underwent surgery within 1 week of a stroke than in patients who underwent surgery ≥8 days after a stroke.285
IIb

B-NR

See Online Data
Supplement 24
(Updated From 2014
VHD Guideline)

Delaying valve surgery for at least 4 weeks may be
considered for patients with IE and major ischemic stroke or
intracranial hemorrhage if the patient is hemodynamically
stable.286

NEW: In patients with extensive neurological damage or
intracranial hemorrhage, cardiac surgery carries a high
risk of death if performed within 4 weeks of a hemorrhagic
stroke.

Patients with hemorrhagic stroke and IE have a prohibitively high surgical risk for at least 4 weeks after the hemorrhagic event. One multicenter
observational study286 showed wide variation in patient deaths when those who underwent surgery within 4 weeks of a hemorrhagic stroke were
compared with those whose surgery was delayed until after 4 weeks (75% versus 40%, respectively). The percentage of new bleeds postoperatively
was 50% in patients whose surgery was performed in the first 2 weeks, 33% in patients whose surgery was performed in the third week, and 20% in
patients whose surgery was performed at least 21 days after the neurological event.286
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AF = atrial fibrillation
AVR = aortic valve replacement
CABG = coronary artery bypass graft surgery
CI = confidence interval
CT = computed tomography
DOACs = direct oral anticoagulants
EF = ejection fraction
GDMT = guideline-directed management and therapy
HF = heart failure
HR= hazard ratio
IE = infective endocarditis
INR = International Normalized Ratio
LV = left ventricular
LVEF = left ventricular ejection fraction
LVESD = left ventricular end-systolic diameter
MR = mitral regurgitation
MS = mitral stenosis
MVR = mitral valve replacement
NYHA = New York Heart Association
RCT = randomized controlled trial
TAVR = transcatheter aortic valve replacement
VHD = valvular heart disease
VKA = vitamin K antagonist
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Clinical Observations With the
Amiodarone/Warfarin Interaction*
Dosing Relationships With Long-term Therapy
Cynthia A. Sanoski, PharmD; and Jerry L. Bauman, PharmD

Objectives: The interaction between amiodarone and warfarin has only been described in
patients being followed up for relatively short time periods. The objectives of this study were to
characterize the interaction between these two agents in a clinical situation over a longer period
of time in a larger cohort of patients, and to determine the relationship between the maintenance
dose of amiodarone and the resultant need to adjust the dose of warfarin.
Design: This was an observational trial of a cohort of patients receiving a stable warfarin regimen
in whom oral amiodarone was initiated. Patients received both amiodarone and warfarin for at
least 1 year, and the dosage of warfarin was adjusted as clinically necessary to achieve an
international normalized ratio of 2 to 3. Data from a total of 43 patients were analyzed.
Results: At baseline, prior to initiation of amiodarone, the warfarin dose was 5.2 ⴞ 2.6 mg/d. The
magnitude of the interaction between these two agents peaked at 7 weeks, which resulted in a
44% mean maximum reduction in the warfarin dose. The warfarin dose inversely correlated with
the maintenance dose of amiodarone (r2 ⴝ 0.94, p < 0.005). Minor bleeding episodes occurred in
five patients (12%). For patients receiving amiodarone maintenance doses of 400, 300, 200, or
100 mg/d, it is recommended that the daily warfarin dose be reduced by approximately 40%, 35%,
30%, or 25%, respectively.
Conclusions: The magnitude of the amiodarone/warfarin interaction is highly dependent on the
maintenance dose of amiodarone. This relationship can aid clinicians in adjusting the dose of
warfarin patients receiving long-term amiodarone treatment.
(CHEST 2002; 121:19 –23)
Key words: amiodarone; drug/drug interaction; warfarin
Abbreviations: INR ⫽ international normalized ratio; PT ⫽ prothrombin time

studies have demonstrated the effiN umerous
cacy of amiodarone in the management of both
1–5

supraventricular and life-threatening ventricular arrhythmias. Unlike the class I agents, amiodarone
possesses minimal proarrhythmic effects and has not
been associated with an increased risk of mortality.6
Consequently, in view of these clinical benefits,
many clinicians have begun to consider amiodarone
as first-line antiarrhythmic therapy, especially for
those patients with compromised ventricular function or coronary artery disease.7–10 Despite these
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Chicago, Chicago, IL; and the Department of Pharmacy Practice
and Administration (Dr. Sanoski), Philadelphia College of Pharmacy, University of the Sciences in Philadelphia, Philadelphia,
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Manuscript received March 14, 2001; revision accepted May 29,
2001.
Correspondence to: Jerry L. Bauman, PharmD, University of
Illinois at Chicago 833 Wood St, M/C 886, Chicago, IL 60612;
e-mail: jbauman@uic.edu

clinical advantages, the use of amiodarone is complicated by its extensive adverse effect profile and
complex drug interactions.
One of the most frequently encountered drug
interactions with amiodarone is with the anticoagulant warfarin. Because of their increased risk for
thromboembolic events, patients with atrial fibrillation/flutter, prosthetic valves, left ventricular dysfunction, and/or a history of thromboembolic disorders require prophylactic anticoagulation with
warfarin. Symptomatic supraventricular and/or ventricular arrhythmias will also develop in many of
these patients, who may require the use of an
antiarrhythmic, of which amiodarone is the most
frequently employed.
Amiodarone strongly potentiates the anticoagulant
effects of warfarin, resulting in prolongation of the
international normalized ratio (INR) and increased
risk of bleeding. Although commonly encountered in
clinical practice, this interaction has only been described in the literature in studies with limited
CHEST / 121 / 1 / JANUARY, 2002
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numbers of patients being followed up for relatively
short periods of time.11–18 However, because of the
prolonged and variable elimination half-life of amiodarone, it is possible that these data may not be
sufficient to fully characterize this drug interaction.
Moreover, although most practitioners are cognizant
of the recommendations for reducing the dose of
warfarin on initiation of therapy with amiodarone, a
detailed relationship between the maintenance dose
of this antiarrhythmic and the magnitude of this drug
interaction with long-term treatment has not been
defined.
Therefore, this study was conducted to more
completely characterize the drug interaction between amiodarone and warfarin over a longer period
of time in a larger patient population and to determine if the magnitude of this interaction is dependent on the maintenance dose of amiodarone. Our
results are germane to clinicians confronted with this
drug/drug interaction and may aid them in the
adjustment of long-term warfarin therapy.

Materials and Methods
Between March 1, 1992, and February 28, 1998, records at the
University of Illinois at Chicago were screened for patients
receiving concomitant amiodarone and warfarin therapy. Patients
were included in the analysis if oral amiodarone was added to
existing warfarin therapy and the combination of the two drugs
was continued for at least 1 year. Patients receiving other drugs
known either to prolong the prothrombin time (PT) or INR or to
interact with warfarin were subsequently excluded from the
analysis. Each patient’s medical record was examined, and the
following data were collected: age, gender, race, indications for
receiving amiodarone and warfarin, underlying organic heart
disease (defined as the presence of hypertension, coronary artery
diseases, and/or valvular disease), left ventricular ejection fraction, INR, concomitant drug therapy, and dosing regimens of
amiodarone and warfarin. Patients were followed up from the
initiation of concomitant therapy with amiodarone and warfarin.
Follow-up was continued for a period of 1 year.
The warfarin dose was adjusted as necessary to maintain a
therapeutic INR, which was defined in the majority of patients as
an INR of 2 to 3. In a small subset of patients, however, the INR
was maintained between the ranges of 2.5 to 3.5 and 1.5 to 2.5 for
valvular replacement and dilated cardiomyopathy indications,
respectively. On initiation of amiodarone, INRs were generally
monitored every week for 1 month, and then on a monthly basis
thereafter.
Amiodarone therapy was routinely initiated in the hospital with
the administration of an oral loading dose of 800 to 1,600 mg/d
for 1 week. Patient medications were then gradually tapered to
maintenance doses on an ambulatory basis. In the absence of an
implantable cardioverter-defibrillator, patients with recurrent,
sustained ventricular tachycardia or ventricular fibrillator received a maintenance dose of 400 mg/d. A maintenance dose of
200 mg/d was used in patients with atrial fibrillation, atrial flutter,
nonsustained ventricular tachycardia, or sustained ventricular
tachycardia with an implantable cardioverter-defibrillator. Further reductions in the maintenance dose of amiodarone were
20
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made depending on the patient’s clinical response. This study was
approved by the University of Illinois at Chicago Institutional
Review Board.
Statistical Analysis
An analysis of variance with a post hoc Bonferroni test was used
to compare the mean warfarin doses at baseline and during
concomitant therapy with amiodarone. At each clinic visit, the
patient’s dose of amiodarone and corresponding dose of warfarin
was noted over the study period. From this data set, the mean
doses of amiodarone and warfarin were calculated and linear
regression was used to examine the correlation between them.
The relationships between age, weight, gender, or left ventricular
ejection fraction and the mean maximum percentage reduction in
the warfarin dose were also analyzed by linear regression.
Maximum percent reduction of warfarin for each patient and at
each dose of amiodarone was calculated. Comparisons of mean
maximum percentage reductions in the warfarin dose observed
during therapy with amiodarone were performed using the
Student’s t test. The level of statistical significance was defined as
a p value ⬍ 0.05; all data are expressed as mean ⫾ SD.

Results
A total of 43 patients (26 male, 17 female; 62 ⫾ 12
years of age) met the inclusion criteria and were
included in the analysis. Amiodarone was used for
the treatment of atrial fibrillation and/or atrial flutter
in 33 patients, sustained or nonsustained ventricular
tachycardia in 9 patients, and paroxysmal atrial
tachycardia in 1 patient. Patients received long-term
warfarin treatment for the following indications:
atrial/flutter fibrillation (23 patients), prosthetic
valve (9 patients), dilated cardiomyopathy (8 patients), left ventricular thrombus (2 patients) and
recurrent deep venous thrombosis (1 patient). Thirty-two of the 43 patients had organic heart disease,
and 3 patients had an implantable cardioverterdefibrillator. Of these, 24 patients had hypertensive
disease (10 patients had concomitant coronary artery
disease, and 4 patients had concomitant valvular
disease), 4 patients had coronary artery disease (1
patient had concomitant valvular disease), and 4
patients had valvular disease alone.
Prior to initiation of therapy with amiodarone, the
mean warfarin dosage and INR were 5.2 ⫾ 2.6 mg/d
and 2.02 ⫾ 0.73, respectively. The mean dosage of
amiodarone at baseline was 909 ⫾ 456 mg/d. By the
end of the first week, the mean dosage of amiodarone decreased to 327 ⫾ 186 mg/d (Fig 1). After this
time period, the mean dose of amiodarone continued
to gradually decrease, with the average daily dose at
the end of the 1-year study period being 246 ⫾ 83 mg.
From baseline, the warfarin dose steadily decreased during the first 7 weeks of concurrent
therapy with amiodarone (Fig 1). At the end of the
first and second weeks, the mean warfarin dosage
was 4.3 ⫾ 2.7 mg/d and 3.5 ⫾ 2.3 mg/d, respectively.
Clinical Investigations

Figure 1. Mean INR and doses of amiodarone and warfarin. The mean ( ⫾ SD) dose of amiodarone
and the corresponding mean dose of warfarin along with the mean INR over the year study period are
shown. The abrupt drop in the dose of amiodarone reflects the transition from the loading dose to a
maintenance dose. Note the divergence of the curves at the monthly intervals; this is representative of
continual attempts to lower the long-term maintenance dose of amiodarone in patients in stable
condition (and minimize potential or real side effects) and the corresponding need to continually adjust
(increase) the dose of warfarin to result in a therapeutic INR.

After 4 weeks and 7 weeks, the mean daily dosage of
warfarin significantly declined to 3.3 ⫾ 1.5 mg and
2.9 ⫾ 1.7 mg, respectively (p ⬍ 0.001 vs baseline).
The magnitude of the interaction between amiodarone and warfarin peaked at 7 weeks, with a 44%

mean maximum reduction in the warfarin dose being
required by the study population. Following this
time period, patients’ warfarin requirements gradually increased, with the mean daily dosage at the end
of 1 year being 4.2 ⫾ 1.7 mg. The mean maximum

Figure 2. Relationship between the dose of amiodarone and the dose of warfarin. The mean ( ⫾ SD)
dose of warfarin is shown at each dosage level of amiodarone used for the cohort. There is a strong
inverse relationship (r2 ⫽ 0.94).
CHEST / 121 / 1 / JANUARY, 2002
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percentage reduction in warfarin was not significantly influenced by the patient’s age, race, weight,
gender, or left ventricular ejection fraction.
Although a therapeutic INR was maintained
throughout the study period (Fig 1), minor bleeding,
characterized by either nose or gum bleeding, occurred in five patients (12%). No major hemorrhagic
episodes were observed in the study population.
As expected, the 400 mg/d and 200 mg/d dosages
of amiodarone were most commonly used; there
were 253 observations (ie, visits) at the 400 mg/d
dosage, 39 observations at the 300 mg/d dosage, 288
observations at the 200 mg/d dosage, and 24 observations at the 100 mg/d dosage. A strong inverse
correlation between the dose of amiodarone and
mean dose of warfarin was observed (r2 ⫽ 0.94,
p ⬍ 0.05; Fig 2). As the maintenance dosage of
amiodarone decreased from 400 to 100 mg/d, the
mean daily dosage of warfarin correspondingly increased from 3.2 ⫾ 0.1 to 3.9 ⫾ 0.2 mg. Based on
these findings, 38 ⫾ 1.7%, 36 ⫾ 4.4%, 31 ⫾ 1.9%, or
25 ⫾ 4.4% reductions in the daily warfarin dose were
necessary for patients receiving amiodarone maintenance dosages of 400, 300, 200, or 100 mg/d, respectively.

Discussion
Amiodarone causes a substantial decrease in the
dose of warfarin required to achieve a therapeutic
INR in all patients receiving this drug combination.
Commercially, warfarin is available as a racemate of
the (-)-S- and (⫹)-R- enantiomers; the (-)-S- enantiomer is about five times more potent as an anticoagulant.19,20 The (-)-S- and the (⫹)-R- enantiomers
are stereoselectively metabolized by hepatic
isozymes CYP2C9 and CYP1A2, respectively. Amiodarone inhibits the activity of both of these P450
enzymes19,20.
Therefore, the ability of amiodarone to block the
biotransformation of warfarin, primarily the (-)-Senantiomer, to inactive metabolites is responsible for
the enhanced anticoagulant effect observed in patients receiving both drugs.
Although it is widely recognized that amiodarone
potentiates the anticoagulant effects of warfarin, the
time course and magnitude of this clinically significant drug interaction has not been thoroughly examined or fully characterized. Previously, most of the
descriptions of the interaction between these two
agents were derived from isolated case reports and
small studies.11–18 The most frequently cited of these
studies was conducted by Kerin et al11 in 1988. This
was a retrospective review of eight patients receiving
concomitant amiodarone and warfarin therapy who
22
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were followed up for a period of 8 weeks. All patients
received identical IV and oral loading doses of
amiodarone followed by a maintenance dosage of
200 to 400 mg/d. After initiation of the amiodarone
therapy, a 44% mean maximum increase in PT was
observed, and occurred during the first week in five
patients and during the second week in the other
three patients. This increase in PT necessitated a
35% mean reduction in the warfarin dose. In a larger
trial by Almog et al,18 30 patients (17 of whom had
amiodarone added to a stable warfarin regimen)
receiving both warfarin and amiodarone were analyzed. There was a significant (inverse) correlation
between serum concentration of amiodarone and the
dose of warfarin required to maintain a therapeutic
PT. The authors recommended a 50% reduction in
the dosage of warfarin for 400 mg/d of amiodarone
and 35% reduction for 200 mg/d. The results of these
two studies are consistent with those reported here;
in addition, we decided to follow up all patients over
a 1-year period to reasonably ensure that steady-state
amiodarone concentrations were achieved.
In examining the mean dose of amiodarone that
our patient population received over time, the
abrupt reduction that occurred during the first 2
weeks of therapy reflects the transition from the
initial loading dose to a maintenance dose regimen.
Although the largest decline in the dose of warfarin
occurred in the first 2 weeks of concurrent therapy,
the full extent of the interaction took 6 to 8 weeks.
The gradual decrease in the dose of amiodarone that
was observed thereafter was representative of the
effort that is often made to reduce the dose of
amiodarone in order to minimize the development of
adverse effects while still maintaining efficacy (Fig
1). The declining trend in the dose of amiodarone
occurred in concert with a corresponding gradual
increase in the dose of warfarin needed to achieve a
therapeutic INR. In fact, the mean dose of warfarin
returned to near that of baseline values at the end of
the 12-month study period. In practical terms, as the
maintenance dose of amiodarone is reduced during
long-term therapy, the corresponding dose of warfarin will need to be chronically adjusted and the INR
will require continual monitoring in order to maintain a therapeutic level of anticoagulation.
Because of the observational nature of this study,
not all patients received each possible dose of amiodarone; each patient did not contribute equally to
the correlation. Nonetheless, analysis of the data
demonstrated a strong inverse relationship between
the mean dose of warfarin and the dose of amiodarone. This relationship could be used to assist clinicians with the selection of appropriate doses of
warfarin for patients who are concurrently receiving
different doses of amiodarone. For those patients in
Clinical Investigations

whom amiodarone is added to a stable warfarin
regimen, we recommend an initial, empiric reduction in the dose of warfarin of about one third.
Subsequently on a long-term basis, one can anticipate the need to reduce the dose of warfarin by
approximately 40% when using a maintenance amiodarone dosage of 400 mg/d. Thereafter, as the
dosage of amiodarone is decreased in 100 mg/d
increments, an additional 5% reduction (relative to
baseline) in the dose of warfarin necessary to achieve
on INR of 2 to 3 will be necessary.
In conclusion, the magnitude of the interaction
between amiodarone and warfarin appears to be
highly dependent on the maintenance dose of amiodarone. Because of the inverse correlation observed
between the doses of these commonly utilized
agents, warfarin dosing guidelines can be developed
based on the maintenance dose of amiodarone. By
incorporating these guidelines into clinical practice,
the initiation and maintenance of therapeutic warfarin therapy can be facilitated in patients receiving
amiodarone therapy, and adverse sequelae of this
significant interaction may be minimized.
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Antiphospholipid thrombosis syndromes
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Patients recognized to be at increased risk for thrombosis generally have been
referred to as having a hypercoagulable state or thrombophilia [1]. Many blood
protein and platelet defects now are known to account for hypercoagulability and
thrombosis; hereditary defects of blood proteins leading to thrombosis, such as
antithrombin, protein C and protein S, heparin cofactor II, plasminogen deficiency, activated protein C resistance/factor V Leiden and other factor V
mutations, the prothrombin mutation G20210A, dysfibrinogenemia fibrinolytic
system defects, sticky platelet syndrome, and others, generally are termed the
‘‘hereditary thrombophilias.’’ Acquired blood protein and platelet function
defects also are associated with thrombosis, including acquired defects of protein
C, protein S, or antithrombin, acquired activated protein C resistance, and others.
These defects are the acquired thrombophilias; the most common of the acquired
thrombophilias is antiphospholipid thrombosis syndrome. Acquired blood protein
defects leading to thrombosis are as common as the hereditary forms. The
thrombophilias are depicted in the following list:
Hereditary and acquired thrombophilic disorders
Inherited disorders
Activated protein C resistance
Factor V Leiden mutation
Factor V Cambridge mutation
Factor V Hong Kong
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Factor V HR2 mutation
Prothrombin 20210A mutation
Factor XII deficiency (Hageman trait)
Dysfibrinogenemia
Hyperhomocyst(e)inemia
Platelet defects
Wein-Penzing defect
Sticky platelet syndrome
Inherited and acquired disorders
Antithrombin deficiency
Heparin cofactor II deficiency
Protein C deficiency
Protein S deficiency
Plasminogen deficiency
Other fibrinolytic system defects
Acquired disorders
Antiphospholipid antibodies
Anticardiolipin antibodies
Lupus anticoagulant
Subgroup phospholipid antibodies
Myeloproliferative syndromes
Trousseau’s syndrome

Antiphospholipid syndrome
Antiphospholipid thrombosis syndromes, which include not only the lupus
anticoagulant (LA) and anticardiolipin antibodies (ACLAs) but also more
recently recognized ‘‘subgroups’’ of antiphospholipid antibodies (antibodies
against beta-2-glycoprotein-I [B-2-GP-I]) and antibodies to phosphatidylserine,
phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylcholine, and anti-annexin-V, all comprise the antiphospholipid thrombosis
syndromes. Antiphospholipid syndrome is the most common acquired blood
protein defect associated with either venous or arterial thrombosis or both [2].
The thrombotic and thrombo-occlusive events associated with these antiphospholipid antibodies include thrombosis of the venous system, the arterial system,
coronary artery thrombosis, cerebrovascular thrombosis, transient cerebral ischemic attacks (TIAs), retinal vascular thrombosis, and placental vascular thrombosis (leading to recurrent-miscarriage syndrome); these antibodies also may be
associated with related clinical syndromes, as discussed in this article [3].
The antiphospholipid thrombosis syndrome consists of closely related but
clearly distinct clinical syndromes that often are discordant with respect to types
of antiphospholipid antibodies found; these syndromes are (1) the LA-thrombosis
syndrome, (2) the ACLA-thrombosis syndrome, and (3) thrombosis associated
with subgroups of antiphospholipid antibodies. There is poor correlation between
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patients with thrombosis harboring ACLAs and those harboring LAs, and stronger,
but still not concordant, correlation between patients with thrombosis with ACLAs
and those with antibodies to B-2-GP-I or antibodies to phosphatidylserine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, annexin-V,
and phosphatidylcholine. Although there are similarities, there are, at times,
clinical, laboratory, and biochemical differences, particularly regarding prevalence, etiology, possible mechanisms of thrombosis, clinical presentations, diagnosis, and at times, management [4,5]. The ACLA-thrombosis antiphospholipid
syndrome is much more common than the LA-thrombosis antiphospholipid
syndrome, the ratio being approximately 5 to 1 [3,6,7]. All of these syndromes
may be associated with (1) arterial and venous thrombosis, (2) recurrent miscarriage, and (3) thrombocytopenia, in descending order of prevalence; however, the
anticardiolipin syndrome is associated more commonly with both arterial and
venous thrombosis, including typical deep vein thrombosis and pulmonary
embolus, premature coronary artery disease, premature cerebrovascular disease
(including TIAs, small-stroke syndrome, and cerebrovascular thrombotic stroke),
and retinal arterial and venous occlusive disease. The LA, although sometimes
associated with arterial disease, more commonly is associated with venous
thrombosis with or without pulmonary embolus. Patients with anticardiolipin
thrombosis syndrome develop more predictable types of thrombosis than those
with the LA-thrombosis syndrome, and management of thrombotic problems can
be quite different between the two syndromes. Patients with thrombosis harboring
antibodies to B-2-GP-I or antibodies to phosphatidylserine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, annexin-V, or phosphatidylcholine tend to more closely resemble patients with ACLAs than patients with
isolated LA. Anti-annexin-V antibodies are the newest ‘‘subgroup antiphospholipid antibody’’ to be noted in association with both arterial and venous thrombosis.
Annexin V, actually a protein bound to phospholipids, is an important vascular
component, and antibodies directed against this moiety seem to disrupt endothelium and endothelial function and lead to associated thrombotic tendencies [8– 10].
Although all of these antiphospholipid antibody –thrombosis syndromes may be
seen in association with systemic lupus erythematosus, other connective tissue and
autoimmune disorders, and other selected medical conditions such as lymphomas,
most individuals (approximately 90%) developing any of the antiphospholipid
thrombosis syndromes are otherwise healthy individuals and harbor no other
underlying medical condition. These patients are classified as having primary,
rather than secondary, antiphospholipid thrombosis syndrome [11]. This distinction is of significance because those with secondary antiphospholipid syndromes
generally have heterogeneous antibodies, which react with a variety of phospholipid moieties, including anticardiolipin, LA tests or antibodies to B-2-GP-I,
phosphatidylserine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, annexin-V, or phosphatidylcholine and render biologic false-positive
tests for syphilis, whereas those with primary antiphospholipid thrombosis
syndrome more commonly have homogeneous antibodies reacting with only one
particular phospholipid moiety [11]. When evaluating published studies, one must
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assess carefully the population being studied for antiphospholipid antibodies. The
findings and results of studies in patients with autoimmune disorders may not
necessarily be extrapolated to studies or clinical and laboratory findings in patients
with primary antiphospholipid thrombosis syndromes. These antiphospholipid
thrombosis syndromes, including etiology, pathophysiology, clinical and laboratory diagnosis, and management principles, are discussed herein.

Lupus anticoagulants and thrombosis
In 1952, Conley and Hartmann [12] described a coagulation disorder in two
patients with systemic lupus erythematosus; the patients exhibited anticoagulant
activity by in vitro testing, which was manifested by a prolonged whole blood
clotting time and prothrombin time. It is now known that patients with systemic
lupus or other autoimmune diseases may develop an immunoglobulin that has the
ability to prolong phospholipid-dependent coagulation tests [13,14]. Approximately 10% of patients with systemic lupus harbor an LA; however, the LA
commonly is seen in other conditions as well, including malignancy, lymphoproliferative disorders, and viral infections, especially human immunodeficiency virus
infection [15 – 17]. Most commonly, the LA develops in otherwise healthy individuals (primary LA-thrombosis syndrome). There is also an association with drug
ingestion; commonly associated drugs include chlorpromazine, procainamide,
quinidine, hydralazine, Dilantin, interferon, Fansidar, and cocaine [6,7,18 – 20].
A common misconception is that patients with drug-induced LA, usually IgM
idiotype, do not have thrombosis, but in fact these patients also have an increased
risk of thrombotic disease. The frequency of hemorrhage resulting from the LA is
clearly less than 1%; however, it is important to recognize conditions that may predispose patients with lupus harboring an LA to hemorrhage [21,22]. Twenty-five
percent of patients with systemic lupus have concomitant prothrombin deficiency,
and more than 40% may have thrombocytopenia; these accompanying defects are
noted particularly in those with secondary LA-thrombosis syndromes [21,23].
Of greater clinical significance, patients with the LA are at increased risk for
thromboembolic disease, most commonly deep vein thrombosis, pulmonary
emboli, and thrombosis of other large vessels [24,25]. Thromboembolism occurs
in approximately 10% of patients with systemic lupus; however, in patients with
systemic lupus and the LA, thromboembolism occurs in up to 50% of patients. In
patients harboring a primary LA, the LA is estimated to account for approximately 6% to 8% of thrombosis in otherwise healthy individuals. There also
have been associations with primary LA syndrome and recurrent miscarriage,
neuropsychiatric disorders, renal vascular thrombosis, thrombosis of dermal
vessels, and thrombocytopenia [20,23,26,27].
Primary LA-thrombosis syndrome is much more common than the secondary
type and consists of patients with LA and thrombosis who harbor no other
underlying disease; secondary LA-thrombosis syndrome consists of those patients
with LA and thrombosis with an underlying disease, such as lupus or other
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autoimmune disorders, malignancy, infection, inflammation, or ingestion of drugs
inducing the LA.
Patients with primary LA-phospholipid syndrome primarily have venous
thrombosis and pulmonary emboli. A wide variety of venous systems may become
involved, including not only the extremities (most common presentation) but also
mesenteric, renal, hepatic, and portal, superior, and inferior vena cava [11,15].
Although patients also may have arterial events, this event is uncommon in primary
LA-thrombosis syndrome, as opposed to primary ACLA-thrombosis syndrome, in
which arterial events are almost as common as venous events. This observation is in
distinction to patients with secondary LA-thrombosis syndrome, wherein patients
(especially those with systemic lupus and the LA) more commonly experience
arterial events than do those with primary LA-thrombosis syndrome. Even in
secondary LA-thrombosis syndrome, however, venous events are more common
than arterial events. Arteries commonly involved include the coronary, cerebral,
carotid, aorta, mesenteric, renal, and extremities [11,15,26,28 – 30].
Purified LA inhibits the Ca+ + -dependent binding of prothrombin and factor Xa
to phospholipids, therefore inhibiting the activity of the phospholipid complex
required for conversion of prothrombin to thrombin [14,21]. Of interest, biologic
false-positive test results for syphilis are seen in up to 40% of patients with systemic
lupus; the number increases to 90% in patients with systemic lupus plus the LA
[22,25,31]. An abnormality often (theoretically) exists in the phospholipiddependent coagulation reactions, including the prothrombin time, the activated
partial thromboplastin time (aPTT), and the Russell’s viper venom time because the
LA is not directed against a specific factor but to phospholipids. The inhibitor
usually does not exert an increasing effect with prolonged incubation with normal
plasma, and so this simple screen often can be used to distinguish the lupus inhibitor from inhibitors that neutralize specific clotting factors. Approximately 15% to
25% of LAs, however, can be time dependent, so this test is not absolute or definitive. Incubation of the patient’s plasma with normal plasma generally does not
cause a sensitivity of the partial thromboplastin time to the inhibitor’s effect, and
one-stage assays for factors XII, XI, IX, and VII may yield low values when the
standard dilutions of test plasma are used. Usually, further dilution of the test
plasma causes the measured level of these factors to approach the normal range; an
exception occurs in rare patients with decreased concentration of prothrombin
resulting from accelerated removal of prothrombin antigen-antibody complexes
[32,33].
Multiple LA assays are currently in use [32]. Sensitivity of the aPTT to the
presence or absence of the LA is highly dependent on the reagents used. Many
patients with thrombosis and the LA have normal aPTTs, even with the newer
allegedly more ‘‘sensitive’’ reagents, so the aPTT is not an appropriate screening
test for LAs, and when suspecting the presence of an LA, a more definitive test
(preferably the dilute Russell’s viper venom time) immediately should be
performed regardless of the PTT [6,7,34,35]. The lupus inhibitor is identified
by an ability to bind phospholipid and inhibit phospholipid-dependent coagulant
reactions. The assays are based on the use of limiting amounts of phospholipid,
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and therefore are sensitized in platelet-poor plasma. Initially, a prothrombin time
was performed with dilute tissue thromboplastin and a reduced number of
platelets in the mixture; however, IgM inhibitors were missed [22]. A ‘‘modified’’ Russell’s viper venom time was developed in which the venom was diluted
to give a ‘‘normal’’ time of 23 to 27 seconds, and the phospholipid then was
diluted down to a minimal level that continued to support this range. A
prolongation of this system will not correct with a mixture of patient and normal
plasma, and this system detects both IgG and IgM anticoagulants [36]. This
assay is known as the dilute Russell’s viper venom time and is the most sensitive
of all assays purported to be useful in the screening or diagnosis of LAs [35].
The kaolin clotting-time test has been modified to detect LAs. In this assay,
platelet-poor plasma is mixed with varying proportions of test plasma and normal
plasma. Kaolin is added, and the time required for clotting is determined [37].
The kaolin clotting-time test then is plotted against proportions of patients’
plasma with normal plasma; an inhibitor is assumed to be present when a small
portion of test plasma in comparison with normal plasma prolongs the assay
system. A kaolin aPTT, with rabbit brain phospholipid in a standard and fourfold –increased ‘‘high’’ lipid concentration to normalize or ‘‘out-inhibit’’ the
abnormal ‘‘standard’’ aPTT, also has been used in the diagnosis of the lupus
inhibitor [38]. The best test at present is the dilute Russell’s viper venom time; if
this test is prolonged, the confirmation of a lupus inhibitor by noting correction
of the prolonged dilute Russell’s viper venom time by adding phospholipid in
some form (preferably void of platelet membrane material) is recommended,
especially if the patient is taking warfarin or heparin therapy. Both heparin and
warfarin also are capable of prolonging the dilute Russell’s viper venom time. In
the author’s experience, the most sensitive and specific dilute Russell’s viper
venom time is the one available from American Diagnostics (Greenwich, NY).
There is a correlation between elevated ACLAs and the LA in secondary
antiphospholipid syndromes (those associated with other autoimmune diseases);
however, the LA, ACLAs, and subgroups are separate entities, and most of the time
ACLAs are found in the absence of the LA in the primary antiphospholipid
thrombosis syndromes [21,39]. The LA has a stronger association with binding
phospholipids of a hexagonal composition such as phosphocholine or after
membrane damage by infection, interleukin-1, or other mechanisms leading to
change from the lamellar to hexagonal form, whereas ACLAs usually have an
affinity to lamellar phospholipids in a bilayer (lamellar) composition [14,40,41].
IgG and IgM ACLAs are the most frequent idiotypes and can be detected by
ELISA; IgA ACLAs occur slightly less frequently and also are detected by ELISA.
Although the LA is associated with thrombosis, the mechanisms whereby thrombosis occurs remain unclear. It has been proposed that there might be an interaction
with the vasculature, thereby altering prostaglandin release. There may be activation of platelets and changes in prostaglandin metabolism, or the antibodies may
block protein C or the activated protein C pathway, or they may alter phospholipid
interactions with activated factor V [42]. It also has been proposed that there may be
hyperactivity of the fibrinolytic system and increased levels of plasminogen
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activation inhibitor [43]. Despite many proposed mechanisms, to date there
remains no consensus on the precise mechanisms of action of LAs [6,7,44,45].
The clinical subclassification of types of thrombosis and LA and ACLA
patients into groups may be important for choosing therapy [6,7,39]. Patients
generally can be divided into one of six clinical subgroups. Type I syndrome
includes deep venous thrombosis of the upper and lower extremities; inferior
vena cava; hepatic, portal, and renal veins; and pulmonary embolus. Type II
syndrome includes patients with arterial thrombosis, including the coronary
arteries, peripheral (extremity) arteries, extracranial carotid arteries, and aorta.
Type III syndrome includes patients with retinal or cerebral vascular thrombosis
or ischemia, including those with TIAs. Several neurologic syndromes may be
manifested, including TIAs, migraine headaches, and optic neuritis [27]. Type IV
syndrome includes patients with combinations of the aforementioned types of
thrombosis. Like ACLAs and other antiphospholipid subgroups, the LA has been
associated with a recurrent-miscarriage syndrome (RMS); this syndrome is type
V. Abortion occurs frequently in the first and less frequently in the second or third
trimester. Placental vasculitis and vascular thrombosis may be apparent, and there
occasionally may be an associated maternal thrombocytopenia [2,22,46]. Type VI
syndrome includes patients who are harboring LA with no apparent disease,
including thrombosis.
Although patients with LA-thrombosis syndrome can be classified similar to
those with anticardiolipin thrombosis syndrome, most patients with primary
LA-thrombosis syndrome fit into the type I classification. In secondary
LA-thrombosis syndrome, however, there will be more patients falling into
types II, III, and V than seen in the primary syndrome.
The lupus inhibitor usually persists in patients with primary antiphospholipid
thrombosis syndrome, although it may sometimes disappear spontaneously. In the
secondary LA-thrombosis antiphospholipid syndrome, treatment of the underlying autoimmune disorder frequently results in reduction or disappearance of
inhibitor activity. Corticosteroids may have a suppressive effect on the titer of the
LA, and to a lesser degree on ACLAs, but they do not seem to decrease
thrombotic risk. There is no role for immunosuppressive therapy, including
steroids, cyclophosphamide, or azathioprine, in patients with the primary
LA-thrombosis syndrome. When steroids or other immunosuppressive therapy
is warranted in the patient with an autoimmune disease and LA-thrombosis
syndrome, the immunosuppression, although perhaps benefiting the underlying
autoimmune disorder, generally will not alleviate propensity to thrombosis.
Discovery of an LA in the absence of underlying disease and without evidence
of thrombosis (type VI) does not necessarily require treatment, but current
evidence suggests these individuals to have approximately a 40% chance of
eventually experiencing a thrombotic event over a 3-year follow-up period. The
decision to anticoagulate an asymptomatic patient with the LA requires individualization and judgment, because no clear guidelines yet exist. Patients with
the LA or ACLAs and a history of thrombosis, however, need to be on long-term
anticoagulant therapy. If untreated, there is a high incidence of thromboembolic
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recurrence [6,7,12,47]. Patients with deep venous thrombosis or arterial thrombosis generally are managed best with long-term low – molecular-weight heparin
(LMWH) therapy because they are notoriously resistant to warfarin therapy
( ! 50% – 65% of patients with antiphospholipid thrombosis syndrome eventually
fail to respond to warfarin therapy) [48,49]. During the past 24 months, the author
and colleagues have assessed 111 patients with thrombosis and antiphospholipid
syndrome (exclusive of recurrent-miscarriage patients); of these patients, 59 were
referred because of recurrent thrombosis on adequate doses of warfarin and on
evaluation were found to harbor antiphospholipid antibodies or were known
antiphospholipid thrombosis syndrome patients and reported a history of recurrence on adequate doses of warfarin. The failure rate to warfarin in this group was
59 of 111 patients or 53%. In contrast, less than 2% of patients will fail to respond
to fixed, low-dose unfractionated porcine mucosal heparin, and the author and
colleagues have not yet seen a deep vein thrombosis failure to LMWH therapy
(dalteparin) in patients with antiphospholipid syndrome. After patients with deep
vein thrombosis or pulmonary embolism are stable for a period on LMWH,
consideration of changing to long-term clopidogrel may be entertained, because
this agent has been effective in stable patients not failing to respond to LMWH.
Patients with type II thrombosis (coronary artery, large peripheral arteries) are
treated successfully with LMWH. Like those with type I, if the patient remains
free of thrombotic events for a long period, clopidogrel may be substituted
successfully, particularly if osteoporosis becomes a consideration. In patients
with retinal or cerebral vascular thrombosis (type III), fixed-dose, long-term
LMWH plus clopidogrel for intracranial or cerebral vascular thrombosis is
usually effective. If the patient remains free of symptoms for 6 to 12 months,
consideration of stopping the LMWH and continuing with clopidogrel may be
reasonable. Clopidogrel at a dosage of 75 mg/day is usually effective for retinal
vascular thrombosis, and if failure occurs, LMWH is added to the clopidogrel
therapy. In those patients with mixtures of thrombotic sites (type IV), therapy is
individualized based on predominant sites and severity of thrombosis [6,7,46].
The RMS (type V) is treated successfully, allowing full-term delivery, with
initiation of low-dose aspirin (81 mg/day) before conception and the addition of
fixed, low-dose unfractionated heparin at 5000 U every 12 hours, both used to
term. Using this regimen, the author’s population of patients with RMS and
antiphospholipid syndrome has experienced a 97% pregnancy success outcome
[46,50]. There is little or no role for prednisone in RMS due to the LA if there is
no underlying autoimmune disease.

Anticardiolipin antibodies, ‘‘subgroup’’ antibodies, and thrombosis
Interest in antiphospholipids began with discovery of the LA in approximately
10% of patients with systemic lupus in 1952 [12], and shortly thereafter, it was
recognized that presence of the LA was associated with thrombosis instead of
bleeding [51]. It also was soon recognized that many patents without autoimmune
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disorders harbored LAs, and these antiphospholipid antibodies now have been
reported in many conditions, including malignancy; immune thrombocytopenia
purpura; leukemias; infections; in individuals ingesting chlorpromazine, Dilantin,
Fansidar, hydralazine, quinidine, cocaine, interferon, or procainamide (secondary
syndrome); and in many otherwise normal individuals (primary syndrome)
[33,52 –56]. Because of a noted association among lupus, a biologic false-positive
test result for syphilis, and the presence of the LA, in 1983 Harris et al [57] devised
a new test for antiphospholipids using cardiolipin. This test and subsequent
modifications now have become known as the anticardiolipin antibody test;
generally, IgG, IgA, and IgM anticardiolipin idiotypes currently are assessed
[58]. Shortly after development of the ACLA assay, it became apparent that these
antibodies were not limited to the population of patients with lupus but were found
in non-lupus patients as well. Of particular importance, these ACLAs are
associated with (1) thrombosis and thromboembolus of both arterial and venous
systems [8,9,44,59 – 61], (2) RMS [46,62,63], and (3) thrombocytopenia, in
descending order of prevalence [64,65]. More recently, it has become apparent
that antibodies (all three idiotypes: IgG, IgA, and IgM) to B-2-GP-I, phosphatidylserine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol,
annexin-V, or phosphatidylcholine are independent risk factors for thrombosis of
all types (types I– V) [66]. Although there is an association between the LA and
ACLAs and an association among LAs and the aforementioned syndromes, it has
become clear that LAs, ACLAs, and antibodies to B-2-GP-I, phosphatidylserine,
phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylcholine, or annexin-V are separate entities; most individuals with ACLAs do
not have an LA, and most with the LA do not have ACLAs [67]. Many with
subgroups harbor ACLAs, but 10% to 20% of patients demonstrate discordance
[68], and subgroups are present in the absence of positive ELISA assays for ACLAs
or LA. In the author’s experience, discordance is noted in approximately the same
percentages. In particular, in patients with type I, approximately 7% are discordant;
in patients with type II, 14% are discordant; in patients with type III, 15% are
discordant; and in patients with type V, 22% are discordant [69]. When suspecting
antiphospholipid syndrome in a patient with thrombosis of any type and negative
LA assays and negative anticardiolipin assays, the presence of isolated antibodies
to B-2-GP-I, phosphatidylserine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, annexin-V, or phosphatidylcholine should be suspected and tested [66].
Regarding the primary antiphospholipid thrombosis syndrome, the anticardiolipin thrombosis syndrome is at least five-fold more common than the LAthrombosis syndrome [6,8]. Other differences between LAs and ACLAs include
not only (1) differing clinical presentations but also (2) noting that anticardiolipins are usually, but not always, dependent on a cofactor, B-2-GP-I (apolipoprotein H) in vitro, whereas in vitro LA activity seems independent of B-2-GP-I;
(3) ACLAs and LAs have different isoelectric points on chromatofocusing
separation; (4) both seem to be directed against different combinations of
phospholipid moieties and complexes; and (5) purified ACLAs generally do
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not prolong any of the phospholipid-dependent coagulation tests, such as the
aPTT, dilute Russell’s viper venom time, PNP, or kaolin clotting-time test unless
there is concomitant presence of an LA [70,71].
Initially, it was assumed that only IgG ACLA was associated with thrombosis;
however, it is now clear that IgA and IgM ACLAs also are associated with
thrombosis [6,7]. The presence of any one ACLA, a combination of two, or
indeed, all three together may be associated with thrombosis and thromboembolus [72]. Also, although different types of thrombosis occur, there is no apparent
association between the type of thrombotic event and the type or titer of ACLA
present [6,7]. The mechanism of action of ACLAs or subgroups in causing
thrombosis is unknown, but several plausible theories have been proposed.
Anticardiolipin antibodies have affinity for important phospholipids involved at
many points in the hemostasis system; they are directed primarily against
phosphatidylserine and phosphatidylinositol, but not phosphatidylcholine,
another important phospholipid in hemostasis [73]. The proposed mechanisms
of action of ACLAs in interfering with hemostasis to induce thrombosis include
(1) interference with endothelial release of prostacyclin [74], (2) interference with
activation, by way of thrombomodulin, of protein C or interference with protein S
activity as a cofactor for protein C [75], (3) interference with antithrombin
activity [76], (4) interaction with platelet membrane phospholipids, leading to
platelet activation [57], (5) interference of prekallikrein activation to kallikrein
[77], (6) interference with endothelial plasminogen activator release [78], or (7)
interference with the activated protein C resistance system [79]. All these
components of normal hemostasis are dependent on phospholipids, except
possibly antithrombin activity. These concepts are reviewed in several articles
[6,8,43,45].

Anticardiolipins and venous or arterial thrombosis
Anticardiolipin antibodies are associated with many types of venous thrombotic problems, including deep venous thrombosis of the upper and lower
extremities, pulmonary embolus, intracranial veins, inferior and superior vena
cava, hepatic vein (Budd-Chiari syndrome) [6,7,80], portal vein, renal vein, and
retinal veins [81 –83]. Arterial thrombotic sites associated with ACLAs have
included the coronary arteries, carotid arteries, cerebral arteries, retinal arteries,
subclavian or axillary artery (aortic arch syndrome) [84], brachial arteries,
mesenteric arteries [82], peripheral (extremity) arteries, and both proximal and
distal aorta [85 –87].

Anticardiolipins and cardiac disease
In an early study, it was found that 33% of patients undergoing coronary artery
bypass surgery who had late graft occlusion (as determined by coronary
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angiography 12 months after coronary artery bypass graft surgery) had preoperative ACLA levels more than two standard deviations above control values,
strongly suggesting an association between graft occlusion and antiphospholipid
antibodies. In 80% of patients, the ACLA levels rose to values greater than the
preoperative levels at some point. The observed increase in ACLA levels was
greater in patients having had an acute myocardial infarction than those who had
not [88,89]. Another study revealed that more than 20% of young ( < 45 years of
age) survivors of acute myocardial infarction harbored ACLAs; in those
surviving, 61% having these antibodies experienced a later thromboembolic
event [90]. No association was found between the presence of ACLAs and
antinuclear antibody or other clinical features that would have suggested the
presence of systemic lupus erythematosus. Anticardiolipin antibodies are suggested as an indicator of increased risk for postmyocardial infarction thrombotic
events and an indication for prophylactic anticoagulation or antiplatelet therapy
[90]. Despite continuous prophylactic treatment with aspirin and warfarin, acute
myocardial infarction has been documented in a patient with previously documented normal coronary arteries treated successfully with tissue plasminogen
activator [91]. In analyzing the relative frequency of acute myocardial infarction
in patients with ACLAs, a study published in 1989 noted myocardial infarction in
only 5 of 70 patients (significantly fewer than those experiencing cerebral arterial
thromboses) [7]. Another study has revealed that a high percentage of young
individuals (those < 50 years of age) who have acute myocardial infarction or
who experience restenosis after coronary angioplasty (PTCA) or coronary artery
bypass surgery harbor ACLAs [92]. Anticardiolipin antibodies seem to play a
significant and probable major role in premature or precocious coronary artery
disease; this association may approach almost 70% of young-aged patients with
coronary artery disease [30,92].
Anticardiolipin antibodies also are associated with cardiac valvular abnormalities. Cardiac disease in patients with systemic lupus erythematosus has been
associated with valvular vegetations, regurgitation, and stenosis. Almost 89% of
patients with systemic lupus erythematosus and valvular disease have been found
to have antiphospholipid antibodies, compared with only 44% of patients without
valvular involvement. Although only 18% of all patients with lupus have valvular
disease, cardiac valvular abnormalities are found in 36% of patients with the
primary antiphospholipid syndrome. The valvular abnormalities of the primary
antiphospholipid syndrome are characterized by significant, irregular thickening
of the mitral and aortic valves, valvular regurgitation (but not stenosis), the
potential for severe hemodynamic compromise, and surprisingly, an absence of
valvular thrombi [93]. Patients with concomitant systemic lupus erythematosus
and antiphospholipid antibodies have been found to have aortic and mitral
valvulitis, including typical Libman-Sacks verrucous endocarditis [94,95]. Additionally, in patients with systemic lupus erythematosus, the presence of antiphospholipid antibodies is associated with isolated left ventricular dysfunction
[96]. An isolated instance has been reported of an intracardiac mass in the right
ventricle, presumably resulting from the combined effects of abnormal intra-
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cardiac flow resulting from anomalous muscle bundles combined with enhanced
thrombogenesis associated with antiphospholipid antibodies [97]. In view of the
high incidence of valvular abnormalities in patients with antiphospholipid
antibodies and arterial thromboembolism, Doppler echocardiography should be
considered routinely [98].

Anticardiolipins and cutaneous manifestations
Anticardiolipin antibodies are associated with livido reticularis, an unusual
manifestation of cutaneous vascular stasis characterized by a distinctive pattern of
cyanosis [59,99,100]. This cutaneous finding has been associated with recurrent
arterial and venous thromboses, valvular abnormalities, and cerebrovascular
thromboses with concomitant essential hypertension (‘‘Sneddon’s syndrome’’)
[59]. Other cutaneous manifestations include a syndrome of recurrent deep
venous thrombosis, necrotizing purpura, and stasis ulcers of the ankles
[59,99,100]. Skin lesions of Degos’ disease (a rare multisystem vasculopathy),
characterized pathologically by cutaneous collagen necrosis and atrophy of the
epidermis with an absence of inflammatory cells, have been linked to the other
consequences of the disease, such as cerebral and bowel infarction and ACLAs or
an LA [101]. Vascular thromboses may be manifested as ischemia or necrosis of
entire extremities, as demonstrated in association with disseminated intravascular
coagulation [102] with resultant cutaneous necrosis or more patchy, widespread,
demarcated areas of cutaneous necrosis manifested by areas of painful purpura
and necrosis with underlying dermal necrosis [103]. Other common cutaneous
manifestations include livido vasculitis or reticularis, unfading acral microlivido,
peripheral gangrene, necrotizing purpura, hemorrhage (ecchymosis and hematoma formation) [103], and crusted ulcers about the nail beds [104]. See the
article by Levine et al [100] for an excellent review of this topic.

Anticardiolipins and neurologic syndromes
The neurologic syndromes associated with ACLAs include TIAs, small-stroke
syndrome, arterial and venous retinal occlusive disease, cerebral arterial and
venous thrombosis, migraine headaches, Degos’ disease, Sneddon’s syndrome
[104], Guillain-Barré syndrome [106], chorea, seizures, and optic neuritis
[101,107,108]. The CNS manifestations of systemic lupus erythematosus are
commonly, but not always, associated with positive antiphospholipid antibodies
[109,110]. Although it is clear that patients with lupus with antiphospholipid
antibodies may experience cerebrovascular thromboses, cerebral ischemia, and
infarction, these events occur more commonly in patients with the primary
anticardiolipin thrombosis syndrome and absence of an underlying autoimmune
disease. Multiple cerebral infarctions in patients with antiphospholipid antibodies
may result in dementia [111].
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The primary phospholipid syndrome often is present in patients with a
constellation of concomitant arterial occlusions, strokes, TIAs leading to multiple-infarct dementia, deep venous thrombosis associated with pulmonary
embolization and resultant pulmonary hypertension, recurrent miscarriage,
thrombocytopenia, positive Coombs’ test result, and chorea [27,112]. The
primary distinction between patients with primary phospholipid syndrome and
Sneddon’s syndrome is the involvement of large vessels in the former and
exclusively medium-sized arteries in the latter [105,113,114]. Patients with
antiphospholipid antibodies are more likely to experience cerebral ischemic or
thrombotic events when also harboring primary hypertension or coronary disease,
respectively [115]. Anticardiolipin antibodies and recurrent stroke also have been
associated with thymoma [116]. Recent studies have found that antiphospholipid
antibodies, including subgroups (particularly antiphosphatidyl serine), are
important etiologic factors. This finding is of major importance with respect to
appropriate antithrombotic therapy, and these patients cannot be treated with
simple antiplatelet therapy or warfarin therapy with success, because they require
LMWH or unfractionated heparin with or without an antiplatelet agent for
adequate protection against recurrence. One recent study found that 46% of
young-aged individuals (age " 50) with cerebral ischemic events harbored
antiphospholipid antibodies [117]; another study found 44% of young-aged
individuals (age " 51) to have antiphospholipid antibodies [118]. Another
study, however, found only 18% of patients younger than age 44 to harbor
antiphospholipid antibodies [119]. Subgroups of only antiphospholipid antibodies have been noted in up to 23% of young-aged patients with cerebral
thrombotic events; it is of extreme importance to consider these subgroups [118].
Antiphospholipid antibodies also are associated with cerebral venous events
[120]. Another recent study noted that 65% of patients with cerebrovascular
thrombosis younger than the age of 60 harbored antiphospholipid antibodies, and
in the same study, 28% of patients with only TIAs harbored antiphospholipid
antibodies [121]. Studies also have noted that those with antiphospholipid
antibodies tend to have the cerebrovascular occlusive or ischemic event approximately a decade earlier than those having cerebrovascular thrombotic or
ischemic events in the absence of antiphospholipid antibodies [122]. It is clear
that antiphospholipid antibodies are important in the etiology of cerebrovascular
ischemic events [27,123]. The primary importance of these findings is in making
an appropriate diagnosis so that effective therapy may be instituted (LMWH or
unfractionated heparin ± clopidogrel) to afford effectual secondary prevention.
The complicated topic of neurologic manifestations in antiphospholipid thrombosis syndromes has been reviewed recently [27,123].

Anticardiolipins and autoimmune collagen disease
Although much of the initial research and many of the first descriptions of
antiphospholipid antibodies resulted from investigation of the LA in populations
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with systemic lupus, it is now well established that antiphospholipid antibodies
occur in patients without systemic lupus erythematosus much more frequently
than in those with lupus or other autoimmune disorders. In patients with lupus,
the presence of livido reticularis may represent an important cutaneous marker for
the presence or the later development of antiphospholipid antibodies [99].
Antiphospholipid antibodies may occur with increased frequency in individuals
with other autoimmune disorders and have been reported in patients with mixed
connective tissue disease, rheumatoid arthritis [103], Sjogren’s syndrome [95],
Behcet’s syndrome (possible role in the pathogenesis of the multisystem
manifestations of the syndrome) [124], and autoimmune thrombocytopenic
purpura [64]. Most patients with ACLA-thrombosis syndrome, however, have
a primary syndrome with no underlying autoimmune disorder. Less than 10% of
patients with thrombosis and antiphospholipid antibodies have, or will ever
develop, an autoimmune disease such as systemic lupus, rheumatoid arthritis,
mixed connective disease, or related syndrome. The clinical manifestations can
be varied and substantial [26,114].

Anticardiolipins and obstetric syndromes
Anticardiolipin antibodies are associated with a high incidence of recurrent
miscarriage; the characteristics of this syndrome are (1) frequent abortion in the
first trimester due to placental thrombosis or vasculitis; (2) recurrent fetal loss in
the second and third trimesters, also due to placental thrombosis or vasculitis; and
(3) maternal thrombocytopenia, in descending order of prevalence. This syndrome is especially likely in the presence of moderate or high IgG anticardiolipin
levels [125]. This syndrome has been treated successfully to normal term by
institution of aspirin, low-dose heparin, or plasma exchange [63,126 – 128].
Women harboring ACLAs have approximately a 50% to 75% chance of fetal
loss, and successful anticoagulant therapy can increase the chances of normalterm delivery to approximately 97% [46,51].
Optimal therapy for the RMS has not yet been defined, but investigators
noted a 97% normal-delivery outcome in 123 patients with RMS treated with
preconception administration of aspirin at 81 mg/day with the immediate postconception addition of unfractionated heparin at 5000 U every 12 hours and
both agents used to term [51]. A variety of heparin doses have been used
with significant success in carrying patients’ pregnancies to term, and most of
these doses have been in combination with aspirin therapy. It is clear that in
the primary antiphospholipid syndrome (absence of an underlying autoimmune
disorder such as systemic lupus erythematosus), the use of corticosteroids or
other immunosuppressive therapy is not warranted and only enhances side
effects. Immunosuppressive therapy may be useful, however, in those with
anticardiolipin syndrome and lupus. Also, a variety of vigorous antibodyremoving or antibody-eradicating modes of therapy have been attempted with
varying degrees of success, including plasmapheresis, plasma exchange,
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immunoadsorption column treatment, and intravenous immunoglobulin. Based
on available reports and the author’s own experience, the use of low-dose
aspirin (approximately 81 mg/day) in combination with low-dose porcine mucosal heparin (5000 U subcutaneously every 12 hours) seems to consistently
be the most effective therapy for term delivery at the present time. The
author’s approach in treating the RMS is to start a patient on low-dose aspirin
(81 mg/day) at the time a diagnosis of RMS is made through the demonstration of ACLA, LA, or antiphospholipid subgroups (seen in 22% of the
author’s patients with RMS and antiphospholipid antibodies) and a history of
recurrent abortion [129]. Subgroup analysis, including anti-annexin-V antibodies, is particularly important in RMS [129]. Antibodies to annexin-V, also
referred to as placental anticoagulant protein [130], may be of particular
importance in patients with RMS, but additional studies are needed. Two
studies have shown that immunoglobulin fractions of antiphospholipid antibody or B-2-GP-I decrease trophoblastic annexin-V [130 – 132], but several
studies have suggested this anti-annexin-V activity is limited to the antiphosphatidlyserine subgroup antibody idiotype [133,134]. Two studies, however,
have failed to demonstrate abnormalities of annexin-V in patients with antiphospholipid syndrome who miscarry and concluded that it may play no role
in RMS [135,136]. As soon as pregnancy is achieved, fixed low-dose porcine
mucosal heparin (5000 U every 12 hours) is added to the aspirin and used to
term. The low-dose heparin need not be stopped during delivery because it is
extremely unlikely to be associated with significant hemorrhage and affords
peripartum and postpartum protection against thrombosis and thromboembolic
disease. Thus far, the author’s success rate using this regimen has been 97%
[46,51]. Low-molecular-weight heparin also may be used, but in view of
cases of perispinal or epidural bleeding with epidural anesthetics reported with
enoxaparin, patients with antiphospholipid antibody taking LMWH during
pregnancy should be changed to unfractionated heparin therapy during the
last trimester.
The incidence of antiphospholipid antibodies in RMS has been studied by a
number of groups. Most studies, however, have not used control pregnant
populations. Lin [104] studied a population of 245 women with RMS and found
13.5% to have ACLAs. Parazzini [122] studied 220 patients with two or more
spontaneous abortions and found 19% to harbor ACLAs. Grandone [70] assessed
32 patients with RMS and found 28% to have ACLAs, and Birdsall [34] studied
81 patients with RMS, finding 41% to harbor ACLAs. Maclean [107] assessed
243 patients with RMS ( # two spontaneous abortions) and found 17% to have
ACLAs, 7% to have LAs, and 2% to harbor both. Howard [83] assessed 29 nonlupus patients with RMS and found 48% to have LAs. Taylor [149], in a study of
189 women with unexplained miscarriage, found LAs in 7% and ACLAs in 15%.
The only two studies assessing matched controls were those of Parke [123], who
found 7% of pregnant women without RMS and 16% of those with RMS to have
antiphospholipid antibodies, and Parazzini [122], who found a 3% incidence of
ACLAs in control women. It seems a small population of normal pregnant women
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without symptoms of RMS also harbor antiphospholipid antibodies. This finding,
of course, raises the question of treatment in the pregnant woman harboring
antiphospholipid antibodies but with no history of spontaneous miscarriage; at
present, no data provide adequate direction for this dilemma.
Anticardiolipin antibodies also are associated with a peculiar postpartum
syndrome of spiking fevers, pleuritic chest pain, dyspnea and pleural effusion,
patchy pulmonary infiltrates, cardiomyopathy, and ventricular arrhythmias. This
syndrome characteristically occurs 2 to 10 days postpartum [138]. Because most
patients with postpartum syndrome recover spontaneously, most require no
therapy other than symptomatic treatment. It is unclear if any type of antithrombotic therapy is warranted in this population because recovery almost always
occurs spontaneously.

Miscellaneous disorders and anticardiolipin thrombosis syndrome
Anticardiolipin antibodies recently have been reported in patients with human
immunodeficiency virus infection, with or without immune thrombocytopenic
purpura [139]. Particularly elevated are IgG isotypes; however, there is no
correlation between antiphospholipid antibody level and disease progression or
the incidence of thrombosis, despite a correlation with the titer and the presence
of thrombocytopenia [139 – 142]. Elevations of one or more of the anticardiolipin
isotypes have been observed after a number of acute infections, including
ornithosis, Mycoplasma infection, adenovirus infection, rubella, varicella,
mumps, malaria, and Lyme disease [143]. Abnormalities of the aPTT in patients
with hepatic cirrhosis recently have been attributed to the presence of antiphospholipid antibodies [144]. Drugs associated with the development of ACLAs
include phenytoin [145], quinidine, Fansidar, hydralazine, procainamide, cocaine,
interferon, and phenothiazines (with a predisposition to thrombosis, which does
occur in drug-associated antiphospholipid syndrome) [6,7,146]. The anticardiolipin thrombosis syndrome can be divided into those that are primary and those
that are secondary. Primary anticardiolipin thrombosis syndrome is much more
common and consists of patients with ACLA and thrombosis who harbor no
other underlying disease; secondary anticardiolipin thrombosis syndrome consists
of those patients with ACLA and thrombosis with an underlying disease, such as
lupus or other autoimmune disorder, malignancy, infection, inflammation, or
ingestion of drugs inducing an ACLA.

Classification of antiphospholipid thrombosis syndromes
The finding of ACLAs, subgroups of antiphospholipid antibodies, or LAs in
association with thrombosis is referred to as the antiphospholipid thrombosis
syndrome. Patients with LA do not tend to have thromboses that are as
predictable as those with ACLA or the subgroups of antibodies to B-2-GP-I,
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phosphatidylserine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylcholine, or annexin-V; however, management principles,
as far as is known currently, apply equally to all [66].
The antiphospholipid thrombosis syndrome associated with anticardiolipin or
subgroup antibodies can be divided into one of six subgroups. Type I syndrome
comprises patients with deep venous thrombosis and pulmonary embolus; type II
syndrome comprises patients with coronary artery or peripheral arterial (including
aorta and carotid artery) thrombosis; type III syndrome comprises patients with
retinal or cerebrovascular (intracranial) thrombosis; and type IV syndrome
includes patients with admixtures of the first three types. Type IV patients are
uncommon, with most patients fitting into one of the first three types. Type V
patients are those with RMS, and type VI patients are those harboring antiphospholipid syndromes without any (as yet) clinical expression, including
thrombosis. There is little overlap (approximately 10% or less) among these
subtypes, and patients usually conveniently fit into only one of these clinical
types. The types of antiphospholipid and thrombosis syndromes associated with
ACLAs are summarized in Box 1 [3,5,69]. Although there seems to be no
correlation with the type or titer of ACLA and the type of syndrome (I – VI), the
subclassification of thrombosis and ACLA patients into these groups is important
from the therapy standpoint [3,5,69]. Type I patients are managed best by use of
long-term, fixed-dose LMWH or fixed-dose subcutaneous unfractionated heparin
therapy. If the patient remains thrombus-free for 6 to 12 months or if osteoporosis
becomes a consideration, long-term clopidogrel eventually may be substituted for
the heparin. Type II patients also are managed best by long-term, fixed-dose
LMWH (approximately 5000 U every 24 hours) or fixed-dose subcutaneous
unfractionated heparin therapy (usually 5000 U every 12 hours); after long-term
stability, clopidogrel may be an alternative. For type III patients, those with
cerebrovascular disease or retinal vascular disease should be treated with fixeddose, long-term LMWH plus clopidogrel for intracranial or cerebral vessel
thrombosis or TIA; long-term stability usually can be achieved by stopping the
heparin or LMWH and continuing clopidogrel. Clopidogrel (at 75 mg/day) is
usually effective for retinal vascular thrombosis, and if failure occurs, LMWH is
added to the clopidogrel therapy. Therapy for type IV syndrome depends on the
types and sites of thrombosis present [3,5,69]. Patients with type V, RMS, are
treated best with preconception initiation of low-dose aspirin (81 mg/day) as soon
as the diagnosis is made and then started on fixed low-dose porcine mucosal
heparin (5000 U subcutaneously every 12 hours) immediately after conception,
with both drugs being used to term delivery. Patients with type V syndrome
usually are encouraged to stop the heparin therapy after delivery (depending on
the individual clinical situation) but to continue on long-term, low-dose aspirin
therapy indefinitely. The decision to continue aspirin after delivery in these
patients is empiric but might ward off other minor thrombotic manifestations of
antiphospholipid syndrome. There are no guidelines available to know how to
best treat these patients after delivery, because most ( < 10%) will not develop a
nonplacental thrombosis.
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Box 1. Syndromes of thrombosis associated with
antiphospholipid antibodies
Type I syndrome
Deep venous thrombosis with or without pulmonary embolus
Type II syndrome
Coronary artery thrombosis
Peripheral artery thrombosis
Aortic thrombosis
Carotid artery thrombosis
Type III syndrome
Retinal artery thrombosis
Retinal vein thrombosis
Cerebrovascular thrombosis
TIAs
Type IV syndrome
Mixtures of types I, II, and III
Type IV patients are rare
Type V (fetal wastage) syndrome
Placental vascular thrombosis
Fetal wastage common in first trimester
Fetal wastage can occur in second and third trimesters
Maternal thrombocytopenia (uncommon)
Type VI syndrome
Antiphospholipid antibody
No apparent clinical manifestations

Obviously, patients with thrombosis and ACLAs require long-term antithrombotic therapy, and treatment should be stopped only if the ACLA is
persistently absent for at least 6 months before considering cessation of
antithrombotic therapy [3,5,69]. After persistent absence of the antiphospholipid
antibody for at least 6 months, the author usually discusses the risks and benefits
of continuing antithrombotic therapy and encourages patients to take one lowdose aspirin (81 mg/day) or long-term clopidogrel (depending on the seriousness
of the initial thrombotic event, in the hopes that the antibody and thrombosis will
not return). Patients with antiphospholipid syndrome who are going to be on
long-term, fixed low-dose unfractionated heparin or LMWH therapy should have
initial bone-density studies and should be cautioned about heparin-induced
thrombocytopenia, mild alopecia, mild allergic reactions, osteoporosis, benign
transaminasemia (seen in approximately 5% of those treated with unfractionated
heparin and in approximately 10% of those treated with LMWH), and the development of benign eosinophilia [147,148]. Patients should be monitored with
weekly heparin levels (anti-Xa method) and complete blood cell/platelet counts
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for the first month of therapy and monthly thereafter; this recommendation also
applies to patients with type V syndrome. Box 2 outlines suggested antithrombotic therapy regimens based on the type of anticardiolipin thrombosis syndrome.
Also, because most patients with thrombosis and antiphospholipid antibodies fail
to respond to warfarin therapy, the clinician should always suspect and search for
antiphospholipid antibodies when evaluating a patient for warfarin failure.

Clinical presentations
It is becoming increasingly clear with increased experience in using the
anticardiolipin assay in clinical practice that primary antiphospholipid syndromes

Box 2. Recommended antithrombotic regimens for syndromes
of thrombosis associated with antiphospholipid antibodies
Type I syndrome
Acute treatment with heparin/LMWH followed by long-terma
self-administration of subcutaneous porcine heparin/LMWH
Clopidogrel (long term if stable)
Type II syndrome
Acute treatment with heparin/LMWH followed by long-terma
self-administration of subcutaneous porcine heparin/LMWH
Clopidogrel (long term if stable)
Type III syndrome
Cerebrovascular
Long-term (clopidogrel) plus long-terma self-administration
of subcutaneous porcine heparin/LMWH
Retinal
Clopidogrel; if failure, add long-terma self-administration of
subcutaneous porcine heparin/LMWH
Type IV syndrome
Therapy depends on types and sites of thrombosis, as per
preceding recommendations
Type V (fetal wastage) syndrome
Low-dose aspirin (81 mg/day) before conception and add
fixed, low-dose porcine heparin at 5000 U every 12 hours
immediately after conception
Type VI syndrome
No clear indications for antithrombotic therapy
a

Antithrombotic therapy should not be stopped unless the
ACLA has been absent for the preceding 4 to 6 months.
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are much more common than suspected. Diagnostic evaluation of the patient to
determine the etiology of a wide variety of thrombotic problems must now
include assays for ACLAs, LAs, and, when indicated, subgroups. Although it is
appropriate to suspect antiphospholipid antibodies in virtually any clinical
problem complicated by thrombosis, certain presentations are stronger indicators
than others.
In patients with type I disease, a strong index of suspicion is appropriate,
particularly in individuals with deep venous thrombosis unaccompanied by
another potential risk factor, such as exogenous estrogen administration, surgery,
prolonged immobility, malignancy, or another hypercoagulable state. Likewise,
patients may present with recurrent deep venous thrombosis with or without a
significant clinical risk factor. As is observed frequently in clinical practice,
patients may be referred for evaluation only after a second episode of thrombosis. The initial thrombotic event may have appeared to result from a
recognizable predisposing problem, only later proven to be present concomitantly with ACLAs. Although the severity or location (iliofemoral, popliteal calf
vein, or other sites) of thrombosis or the presence of pulmonary embolization
does not correlate with the presence of ACLAs, recurrent thromboembolic events
or multiple sites of thrombosis should strongly suggest an ACLA. Another
common presentation is a patient referred because of failure (rethrombosis) while
on warfarin therapy. Failure with apparently adequate doses of warfarin immediately should alert the physician to strongly consider antiphospholipid thrombosis syndrome.
Patients with type II disease frequently present with catastrophic illness. A
history of myocardial infarction at a young age, recurrent myocardial infarction,
early graft occlusion after coronary artery bypass graft surgery, and early reocclusion after transluminal angioplasty is typical. Aorta, subclavian, mesenteric,
femoral, or other large-vessel thrombosis may present with complete occlusion
and acute symptoms of ischemia and threatened limb loss. Emergent diagnosis
and appropriate therapy may decrease unnecessary morbidity and be lifesaving.
Patients with type III disease may be referred for a variety of problems. Acute
loss or distortion of vision may lead to ophthalmologic confirmation of retinal
arterial or venous thrombosis. Focal neurologic symptoms may suggest the
presence of cerebrovascular thrombosis, resulting in symptoms of stroke or
TIA. Alternatively, multiple-infarct dementia may present more gradually without
clearly defined acute ischemic events. Early diagnosis is critical in patients with
type III disease because failure to treat may result in irreversible cerebral or
retinal injury.
Patients with type IV disease, having a mixture of the aforementioned types,
are extremely rare and comprise only approximately 1% of patients with
anticardiolipin thrombosis syndrome. A strong index of suspicion is required
for the diagnosis, and therapy must be individualized depending on the particular
combination of thromboses.
Patients with type V disease are usually those with one or more spontaneous
miscarriages and most often are referred by the obstetrician or high-risk
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reproductive experts. Most women relate a history of spontaneous miscarriage in
the first trimester (most commonly the sixth to twelfth week), but some also
spontaneously miscarry in the second and third trimester. Drugs associated with
antiphospholipid thrombosis syndrome are:
Phenytoin
Fansidar
Quinidine
Quinine
Hydralazine
Procainamide
Phenothiazines
Alpha-interferon cocaine
Most of the above are IgM and associated with thrombosis.

Prevalence of the antiphospholipid thrombosis syndrome
Unfortunately, little information is available on the prevalence of antiphospholipid antibodies, especially in asymptomatic individuals. Additionally, nothing is known about the potential propensity to develop thrombosis or other
clinical manifestations when seemingly health individuals are found to harbor
these antibodies. Two recent studies have addressed this issue. The first such
study was the Montpellier Antiphospholipid study [137], wherein 1014 patients
(488 male patients and 526 female patients) admitted to a general internal
medicine department for a variety of reasons were assessed for IgG, IgA, and
IgM ACLAs. Lupus anticoagulant assays were not performed. Of the patients
tested, 72 (7.1%) were positive for at least one idiotype. When assessing these 72
patients, 20 (28%) were determined to have clinical manifestations of the
antiphospholipid thrombosis syndrome. Fifty-two patients, when questioned,
had not yet demonstrated any manifestations of antiphospholipid thrombosis
syndrome, suggesting a false-positive incidence of 5.1%. Long-term follow-up of
the thus far asymptomatic patients has not occurred, however, and a follow-up
report of the Montpellier Antiphospholipid study will be awaited with interest. In
another recent study [150], 552 healthy blood donors were screened for study;
IgG and IgM idiotypes and LA were assessed. It was found that 6.5% (28 donors)
of the population harbored IgG, 9.4% (38 donors) of the population harbored IgM
ACLAs, and five donors had both idiotypes. No donor tested positive for LA.
The donors were followed up for 12 months; during the follow-up time, no
ACLA-positive patient developed a thrombotic event. Nine ACLA-positive
donors had a positive family history for thrombosis, however, and three of the
ACLA-positive donors had a history of unexplained miscarriage [150]. In a
survey of 100 consecutive patients presenting with deep vein thrombosis or
pulmonary embolus, 24% of patients were found to have ACLAs [48]. It is
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suggested that ACLAs are common in patients presenting with unexplained deep
vein thrombosis or pulmonary embolism, and certainly any patient presenting
with unexplained deep vein thrombosis or pulmonary embolism should be
evaluated for the presence of antiphospholipid antibodies.

Laboratory diagnosis of antiphospholipid syndromes
Detection of anticardiolipin antibodies
The detection of ACLAs is straightforward, and there is general agreement
that solid-phase ELISA is the method of choice [151 –153]. In the past, only
IgG and IgA idiotypes have been assayed; however, with current recognition
that IgM idiotypes, whether primary or secondary (especially drug induced),
also are associated with thrombosis, most laboratories are or should be assaying
all three idiotypes. The idiotype distribution of ACLAs in patients with
thrombosis is:
36%
17%
14%
33%

have
have
have
have

isolated IgG
isolated IgM
isolated IgA
various mixtures

The appropriate assay for detecting anticardiolipins is solid-phase ELISA,
measuring all three (IgG, IgA, and IgM) idiotypes [31,34,154].
Detection of lupus anticoagulants
In the presence of the LA, an abnormality exists in the phospholipiddependent coagulation reactions, including the prothrombin time, the aPTT,
and the Russell’s viper venom time [7,14]. The LA is not directed against a
specific factor but to phospholipids. The inhibitor does not exert an increasing
effect with prolonged incubation with normal plasma, and so this simple screen
can be used to distinguish the lupus inhibitor from inhibitors that neutralize
specific clotting factors. Incubation of the patient’s plasma with normal plasma
does not cause a sensitivity of the partial thromboplastin time to the inhibitor’s
effect, and one-stage assays for factors XII, XI, IX, and VII may yield low values
when the standard dilutions of test plasma are used [14]. Usually, further dilution
of the test plasma causes the measured level of these factors to approach the
normal range; the exception occurs in rare patients with a decreased concentration
of prothrombin, resulting from accelerated removal of prothrombin antigenantibody complexes, sometimes seen in patients with systemic lupus.
Multiple LA assays are currently in use. Sensitivity of the aPTT to the
presence or absence of the LA is highly dependent on the reagents used. Many
patients with thrombosis and the LA have normal aPTTs, even with the newer
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allegedly more ‘‘sensitive’’ reagents, so the aPTT is not a reliable screening test
for LAs and should not be used for this purpose [7,14,34,35,155– 157]. When
suspecting the presence of an LA, a more definitive test, preferably the dilute
Russell’s viper venom time, should be performed immediately regardless of the
aPTT. The lupus inhibitor is identified by the ability to bind phospholipid and
inhibit phospholipid-dependent coagulant reactions. The assays available are
based on the use of limiting amounts of phospholipid and therefore are
sensitized in platelet-poor plasma. Initially, a prothrombin time was performed
with dilute tissue thromboplastin and a reduced number of platelets in the
mixture; however, IgM inhibitors were missed. Subsequently, a ‘‘modified’’
Russell’s viper venom time was developed in which the venom is diluted to
give a ‘‘normal’’ time of 23 to 27 seconds, and the phospholipid is then diluted
down to a minimal level that continues to support this range. A prolongation of
this system will not correct with a mixture of patient and normal plasma; this
system detects both IgG and IgM LAs [36]. This assay generally is known as
the dilute Russell’s viper venom time and seems to be the most sensitive of all
assays for the LA [158]. The kaolin clotting-time test also has been modified to
assay for the LA inhibitor. In the kaolin clotting-time test, platelet-poor plasma
is mixed with varying proportions of test plasma and normal plasma. Kaolin is
added, and the time required for clotting is determined [14]. The kaolin
clotting-time test then is plotted against proportions of patients’ plasma with
normal plasma; an inhibitor is assumed to be present when a small portion of
test serum, in comparison with normal serum, prolongs the assay. A kaolin
aPTT, with rabbit brain phospholipid in a standard and four-fold – increased
‘‘high’’ lipid concentration to normalize or ‘‘out-inhibit’’ the abnormal ‘‘standard’’ aPTT, also has been used in diagnosis of the lupus inhibitor [14]. This
test is known as the rabbit-brain neutralization procedure, and although specific
(owing to rabbit-brain neutralization), it lacks sensitivity comparable to the
dilute Russell’s viper venom time. At present, the best test to detect the LA is
the dilute Russell’s viper venom time; if this test is prolonged, the confirmation
of a lupus inhibitor by noting correction of the prolonged dilute Russell’s viper
venom time by adding phospholipid in some form (unfortunately, often platelet
membrane – derived) is required, especially if the patient is undergoing warfarin
or heparin therapy. Both heparin and warfarin are capable of also prolonging
the dilute Russell’s viper venom time. Confirmation of an LA in the abovementioned assays is by phospholipid neutralization (shortening) of the prolonged test [7,14,158]. As a practical matter, most clinicians and laboratories
are asked to evaluate patients for the LA after they have been placed on
anticoagulant therapy. Both heparin and warfarin prolong most of the abovementioned tests, including the most sensitive test, the dilute Russell’s viper
venom time. If the patient is taking warfarin and the dilute Russell’s viper
venom time is prolonged and then neutralized by appropriate phospholipid, an
LA is confirmed [7,14]. If, however, the patient is taking heparin and the dilute
Russell’s viper venom time is prolonged, the neutralization by platelet-derived
phospholipid is not confirmatory, because large amounts of platelet-derived
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platelet factor 4 may inhibit the heparin effect to correct the test. For example, a
commercially available platelet extract for the platelet-neutralization procedure
was found to contain approximately 100 IU per mL of platelet factor 4, and
normal male freeze-thaw platelet extract, commonly prepared for ‘‘platelet or
phospholipid-neutralization procedures’’ in the clinical laboratory, contains
approximately 95 IU per mL of platelet factor 4, enough to neutralize heparin,
shorten a prolonged clotting test, and render a false-positive result in the dilute
Russell’s viper venom time or platelet-neutralization procedure for an LA
[7,14,159]. As a practical matter, therefore, use of the dilute Russell’s viper
venom time offers the most sensitive assay for detection of an LA, and
neutralization of this test by a non –platelet-derived phospholipid, in particular
cephalin (Bell-Alton extract) [160], which contains no platelet factor 4, makes
this test the most specific as well.
Because of marked heterogeneity of antiphospholipid antibodies, especially
in the secondary antiphospholipid syndromes, there is a correlation between
elevated ACLAs and the LA in secondary antiphospholipid thrombosis syndromes. The LA and the ACLAs are two separate entities, however, and most
of the time one occurs without the other being present, especially in the primary
antiphospholipid thrombosis syndromes [6]. The LA has a stronger association
with binding phospholipids of a hexagonal composition such as phosphatidylcholine or after membrane damage by infection, interleukin-1, or other
mechanisms leading to change from the lamellar to hexagonal form, whereas
ACLAs have an affinity to lamellar phospholipids in a bilayer (lamellar)
composition [161].

Box 3. Laboratory diagnosis of antiphospholipid syndromes
Suspicion of antiphospholipid syndrome (unexplained thrombosis, TIA, small-stroke syndrome, coronary thrombosis, fetal
loss, and so forth)
Primary evaluation
ACLAs (IgG, IgA, IgM)
LA (dilute Russell’s viper venom time)
Hexagonal phospholipid neutralization
B-2-GP-I (IgG, IgA, IgM)
Secondary evaluation
Antiphosphatidylserine (IgG, IgA, lgM)
Antiphosphatidylinositol (IgG, IgA, IgM)
Antiphosphatidylcholine (IgG, IgA, IgM)
Antiphosphatidylethanolamine (IgG, IgA, IgM)
Antiphosphatidylglycerol (IgG, IgA, IgM)
Anti-annexin-V antibody

R.L. Bick / Hematol Oncol Clin N Am 17 (2003) 115–147

139

Fig. 1. Laboratory diagnosis of antiphospholipid syndromes: suspicion of antiphospholipid syndrome (unexplained thrombosis, TIA, small-stroke syndrome [SSS], coronary thrombosis [CAD],
fetal loss, etc.)*

Detection of ‘‘subtypes’’ of antiphospholipid antibodies
When suspecting patients with thrombosis or those who have recurrent
miscarriages of harboring antiphospholipid antibodies and noting negative
assays for ACLAs or LAs, the clinician should suspect discordant subgroups
and order assays for anti-B-2-GP-I and antibodies to phosphatidylserine,
phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol,
annexin-V, and phosphatidylcholine. These assays are all available by EIA
assay. It must be remembered that there is significant discordance among these
subgroups and the LAs or the three idiotypes of ACLAs, so they must be
recalled and tested for in the appropriate clinical situations discussed previously
[162 –164].
As mentioned previously, discordance will be seen in a significant number
of patients. In particular, many patients will have subgroups of antiphospholipid
antibody (B-2-GP-I, antiphosphatidylserine, antiphosphatidylcholine, antiphosphatidylglycerol, antiphosphatidylinositol, and antiphosphatidylethanolamine) in
the absence of ACLAs (IgG, IgA, or IgM) or LA. Specifically, this discordance
will be seen in 7% of patients with antiphospholipid thrombosis syndrome and
deep vein thrombosis or pulmonary embolism (type I), 15% of those with
coronary artery or peripheral arterial thrombosis (type II), 15% to 24% of those
with cerebrovascular or retinal vascular thrombosis (type III), and in 22%
of those with RMS (type V). All antiphospholipid antibodies of importance,
to date, are depicted in Box 3. The tests at the top are ordered first, and those
at the bottom ordered if clinical suspicion of a subgroup is present. Fig. 1
depicts an approach to the laboratory diagnosis of antiphospholipid thrombosis syndrome.
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Summary
Antiphospholipid antibodies are associated strongly with thrombosis and are
the most common of the acquired blood protein defects causing thrombosis.
Although the precise mechanisms whereby antiphospholipid antibodies alter
hemostasis to induce a hypercoagulable state remain unclear, numerous theories,
as previously discussed, have been advanced. The most common thrombotic
events associated with ACLAs are deep vein thrombosis and pulmonary embolus
(type I syndrome), coronary or peripheral artery thrombosis (type II syndrome),
or cerebrovascular/retinal vessel thrombosis (type III syndrome), and occasionally patients present with mixtures (type IV syndrome). Patients with type V
disease are those with antiphospholipid antibodies and RMS. It is as yet unclear
how many seemingly normal individuals who may never develop manifestations
of antiphospholipid syndrome (type VI) harbor asymptomatic antiphospholipid
antibodies. The relative frequency of ACLAs in association with arterial and
venous thrombosis strongly suggests that they should be looked for in any
individual with unexplained thrombosis; all three idiotypes (IgG, IgA, and IgM)
should be assessed. Also, the type of syndrome (I – VI) should be defined, if
possible, because this identification may dictate both the type and the duration of
immediate and long-term anticoagulant therapy. Unlike those patients with
ACLAs, patients with primary LA-thrombosis syndrome usually have venous
thrombosis. Because the aPTT is unreliable in patients with LA (prolonged in
only approximately 40% –50% of patients) and usually is not prolonged in
patients with ACLAs, definitive tests, including ELISA for ACLA, the dilute
Russell’s viper venom time for LA, hexagonal phospholipid-neutralization
procedure, and B-2-GP-I (IgG, IgA, and IgM) should be ordered immediately
when suspecting antiphospholipid syndrome or in individuals with otherwise unexplained thrombotic or thromboembolic events. If these test results are negative,
subgroups also should be assessedin the appropriate clinical setting. Most patients with antiphospholipid thrombosis syndrome will fail to respond to warfarin
therapy, and except for retinal vascular thrombosis, may fail some types of
antiplatelet therapy, so it is of major importance to make this diagnosis so patients
can be treated with the most effective therapy for secondary prevention—LMWH
or unfractionated heparin in most instances and clopidogrel in some instances.
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Summary
The pre-approval clinical trial process suffers from many limitations including:
homogenous groups of patients, limited drug exposure times, ever-increasing
exclusion criteria, lack of gender-specific analyses, inadequate testing of the
elderly and different races, etc. All of these restrictions can result in very
different reactions, especially with regard to side effects, in clinical trial subjects
versus real-world consumer populations1. Accordingly, the true side effect profile
of a drug is almost never realized until many months, to years, after FDA
approval2, 3. In short, all FDA approved drugs have the potential to trigger
various side effects not revealed during pre-approval investigations. For more
detail please see a White Paper wehttp://www.adverseevents.com/post-fda-approval-safety/
recently produced, “Post FDA-approval drug
http://www.adverseevents.com/post-fda-approval-safety/
safety data: why they are vital and how they can be made accessible,
http://www.adverseevents.com/post-fda-approval-safety/
actionable, and predictable.”
Indeed, Adverse Events (AEs) from Food and Drug Administration (FDA)
approved drugs are a major public safety concern. In fact, almost one million
new AE reports are currently reported to the FDA each year, across ~2,000
approved drugs4.

Careful and continuous post-approval monitoring is therefore
vital to the evaluation of a drug’s safety profile. That is exactly
what we specialize in here at AdverseEvents.
Because of the noted limits of pre-approval safety processes, AdverseEvents
believes that post-marketing side effect analysis can supply our clients with the
real-world data they need to make informed coverage, formulary, and prescribing
decisions.
To obtain such data, we leverage the FDA’s Adverse Event Reporting System
(FAERS), a vast repository of over seven million post-marketing side effect case
reports, across all FDA-approved drugs5. FAERS data (after extensive
organization and cleanup via algorithms and our analysts) forms the cornerstone
of our product offerings.
With regard to the widely used class of medications known as blood thinners
(anticoagulants and antiplatelets) post-marketing side effects have been a
http://www.accessdata.fda.gov/drugsatfda_docs/label/2006/009218s102lbl.pdf
concern for many years
(2006 Black Box Warning for Coumadin). For a list of
http://www.accessdata.fda.gov/drugsatfda_docs/label/2006/009218s102lbl.pdf
what each drug is FDA-approved for please see Appendix A.
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Anticoagulant drugs prevent blood from clotting and are therefore prescribed to
treat various thromboembolic disorders such as: Atrial Fibrillation (AF),
pulmonary embolisms, and deep-vein thrombosis. AF represents the most
common cardiac arrhythmia affecting approximately 1-2% of the world’s
population and is expected to affect an estimated 6-16 million people, in the US
alone, by the year 20506,7. The risk of ischemic stroke is increased 4 to 5 fold in
patients with AF8. The drugs are also prescribed to patients to prevent blot clot
formation associated with surgical procedures.
Oral anticoagulants such as warfarin (Coumadin) and antiplatelets agents such
as aspirin and clopidogrel (Plavix) have been on the market for decades. New
orally active anticoagulants (NOACs) include dabigatran (Pradaxa), rivaroxaban
(Xarelto), and apixaban (Eliquis).
NOACs are displacing the use of older drugs like Coumadin. Current opinion is
generally that they work as well as Coumadin, have a better therapeutic index,
more predictable pharmacokinetics, do not require sometimes complex dietary
restrictions, and offer an improved safety profile via a reduction in major
bleeding complications, particularly of the intracranial variety9. The other major
advantage often cited in the press and in marketing campaigns is that, unlike
Coumadin, NOACs do not require routine monitoring during their use. This latter
point, however, has been called into question in the academic press, and
allegedly even by internal researchers of the manufacturer of a popular NOAC,
Pradaxa (NY Times).
http://www.nytimes.com/2014/02/06/business/study-of-blood-clot-drug-pradaxa-unnerved-its-maker-documents-suggest.html?_r=0
http://www.nytimes.com/2014/02/06/business/study-of-blood-clot-drug-pradaxa-unnerved-its-maker-documents-suggest.html?_r=0
http://www.nytimes.com/2014/02/06/business/study-of-blood-clot-drug-pradaxa-unnerved-its-maker-documents-suggest.html?_r=0

A major danger for patients taking either NOACs or older drugs like Coumadin is
that the medications greatly increase the time for blood to clot. Therefore,
normally manageable bleeding from trauma, surgery, or other emergency
situations, becomes a very serious concern for patients on these drugs.
Coumadin, however, has an “antidote” that can be administered to a subject
that is bleeding. The NOACs have no antidote, although efforts are underway to
develop a drug that can restore normal clotting to a bleeding patient on an
NOAC (FierceBiotech).
http://www.fiercebiotech.com/story/portola-takes-its-breakthrough-bleeding-drug-phiii-bayer-jj-tow/2014-02-03?utm
http://www.fiercebiotech.com/story/portola-takes-its-breakthrough-bleeding-drug-phiii-bayer-jj-tow/2014-02-03?utm
http://www.fiercebiotech.com/story/portola-takes-its-breakthrough-bleeding-drug-phiii-bayer-jj-tow/2014-02-03?utm
http://www.fiercebiotech.com/story/portola-takes-its-breakthrough-bleeding-drug-phiii-bayer-jj-tow/2014-02-03?utm

Antiplatelet drugs decrease platelet aggregation and alter platelet activation at
sites of vascular damage and are accordingly prescribed to inhibit the formation
of thrombi. These drugs are widely used to help prevent both cerebrovascular
and cardiovascular disorders such as acute coronary syndrome10. New
antiplatelet medications include ticagrelor (Brilinta) and prasugrel (Effient).
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Given that blood-thinning drugs represent some of the most widely used
medicines in the world and they are disproportionally used in both the elderly
and other high-risk patient populations, we used our multiple analytic platforms
to analyze post-marketing safety signals for drugs in this class.

The results from our analyses all point to the same general
conclusions: 1) apixaban may be a safer choice within the
anticoagulant class, and 2) prasugrel may have higher safety
risks than the other two medications in its antiplatelet class.

Methods & Results
In order to better understand the post-approval safety data available on the class
of blood thinner drugs, we conducted a detailed review of FAERS.
We subdivided the drug class into anticoagulants (warfarin (Coumadin),
dabigatran (Pradaxa), rivaroxaban (Xarelto), and apixaban (Eliquis)) and
antiplatelets (clopidogrel (Plavix), ticagrelor (Brilinta) and prasugrel (Effient)).
Utilizing the AdverseEvents Explorer platform, we analyzed the drugs with: 1)
RxFilter (a big data analytic that optimizes FAERS and makes it user-friendly and
fully searchable), 2) a disproportionality measure (mathematical analysis that
compares “expected” versus “unexpected” rates of adverse events), and 3) the
RxScore system (a proprietary algorithmic drug-safety ranking analytic).

RxFilter Analysis
In order to make FAERS data accessible to broad groups of healthcare
professionals, AdverseEvents analyzes and categorizes the extensive database
by using a combination of computer algorithms and in-house data analysis,
called RxFilter. Our AdverseEvents Explorer platform makes FAERS data easy to
search and understand11 and feeds clean data into our other analytics.
RxFilter employs multiple processing steps, safeguards, and manual oversight.
To import data from FAERS, RxFilter uses a framework of open source
technologies such as Oracle MySQL, Python and PHP. Filtering processes
5

include: i) a system for automated name matching which corrects for drug name
misspellings and incorrect data within major fields (i.e., the inclusion of dosages
or routes of administration as part of the drug name field); ii) aggregation of
generic and non-U.S. brand name drugs under a single brand name; iii) separation
of “primary suspect” and “all suspect” designations, iv) removal of duplicate case
reports; and v) identification of common adverse event and condition types.
Automated data pre-processing and scrubbing workflow provides an initial
assignment of a ‘raw’ FDA FAERS drug name for approximately 98% of inputted
data (within 6 hours of receipt of those data). Computationally, this automated
matching process is accomplished by string searching and phonetic matching
algorithms. Part of the human analysis side of RxFilter includes recovery and
assignment of remaining data, and reassignment of automated matches when
needed (which are then corrected for future quarterly uploads).
AdverseEvents Explorer, powered by RxFilter is the most thoroughly optimized,
user-friendly, and fully searchable post-marketing drug safety database. It
accurately standardizes and normalizes all reported side effects (from 1997 on)
linked to over ~2,000 FDA approved drugs, enabling health plan administrators,
health systems analysts, and pharmaceutical companies rapid access to FAERS
information in order to supplement their own sources of drug safety data.
FAERS data was queried from a drug’s approval through the most recently
available date. While most of the date ranges end at December 2012 (as that was
the last FAERS download available), certain drugs have data through December
2013 because we had previously petitioned FDA, via a Freedom of Information
Act (FOIA) request, for updated case reports on those specific drugs. FOIA
requests are a routine service we provide for our clients, and our latest update on
the process is detailed here (http://www.adverseevents.com/foia/). We do not
believe that the inclusion of different ending dates affected the analyses
presented here.
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Top-level analysis of the blood thinner class of medications showed:
Table 1: Anticoagulants
Primary
Stroke*
Suspect
Cases (%)
Cases

Heart
Attack*
Cases (%)

Hospitalization
Cases (%)

Death
Cases (%)

1,031

54
(5.24%)

10
(0.97%)

212
(20.56%)

51
(4.95%)

dabigatran Oct 201020,965
(Pradaxa) Dec 2012

1,467
(6.99%)

324
(1.55%)

8,095
(38.64%)

Gastrointestinal
2,529
haemorrhage,
(12.05%)
Haemorrhage, Dyspepsia

4,357
(43.25%)

Pulmonary embolism, Deep
vein thrombosis,
1,115
(11.07%) Gastrointestinal
haemorrhage

11,152
(49.92%)

International normalised
ratio increased,
Gastrointestinal
haemorrhage, Haemorrhage

Drug
Name

Date
Range

apixaban
(Eliquis)

Dec 2012Dec 2013

rivaroxaban July 201110,075
Dec 2012
(Xarelto)

#

warfarin Nov 1997 22,338
(Coumadin) Dec 2012

747
(7.41%)

687
(3.08%)

107
(1.06%)

228
(1.02%)

1,841
(8.24%)

Top 3 Adverse Events
Haemoglobin decreased,
Ischaemic stroke,
Haematoma

*See Appendix B
#
Although warfarin was FDA-approved in 1954, our database begins 11/01/1997.

Table 2: Antiplatelets
Drug
Name

Date
Range

Primary
Stroke*
Suspect
Cases (%)
Cases

clopidogrel Nov 199711,309
(Plavix)
Dec 2012

Heart
Attack*
Cases (%)

Hospitalization
Cases (%)

548
(4.85%)

545
(4.82%)

4,896
(43.29%)

2,218
Death, Gastrointestinal
(19.61%) haemorrhage, Anaemia

Death
Cases (%)

Top 3 Adverse Events

prasugrel
(Effient)

July 2009Dec 2012

1,917

90
(4.69%)

163
(8.50%)

973
(50.76%)

218
Thrombosis in device,
(11.37%) Chest pain, Death

ticagrelor
(Brilinta)

July 2011Dec 2013

2,263

69
(3.05%)

178
(7.87%)

854
(37.74%)

Shortness of breath,
314
Myocardial infarction (heart
(13.88%)
attack), Death

*See Appendix B
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Disproportionality Analysis
Data mining algorithms based on disproportionality can be used to estimate the
relative frequency of an Adverse Event (AE) associated with the use of specific
drug. The Reporting Odds Ratio (ROR) is a disproportionality measure commonly
used by drug safety professionals to help identify drug-associated AEs that are
reported more frequently than expected. The method compares expected
reporting frequencies (based upon all drugs and all AEs in the FAERS database)
with the amount of a given AE reported for a specific drug.
An ROR score of ≥1.0 indicates that there is a higher than normal reporting rate
for a given AE / drug combination. While there is no widely accepted benchmark
regarding the numerical level at which disproportionality analysis yields a “safety
signal,” many in the drug industry assume that results above 2.0 warrant
attention. We derived ROR and Confidence Intervals (CI) by the use of standard
formulas12, with the additional step of correlating the starting date of our
calculations to each drug’s FDA approval date.
The tables below list the number of “primary suspect” case reports for each drug
and how many of those reports fall into corresponding “Standardised MedDRA
Queries” (SMQ) adverse event categories (as defined by MedDRA
(http://www.meddra.org/ and http://www.meddra.org/how-to-use/tools/smqs)).
SMQs are validated and standardized sets of MedDRA terms that are commonly
used to support both safety signal detection and monitoring. SMQ categories can
either be narrow or broad. We chose to use broad SMQs in our search in order to
better capture generalizable safety risks between the drugs.
RORs and CIs were calculated for “primary suspect” cases reported from the
drug’s approval date to the most recently available FAERS data.
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Table 3: Anticoagulants

Drug

apixaban
(Eliquis)

Embolic &
Thrombotic
Embolic &
Haemorrhage Embolic &
Haemorrhage
terms (excl Thrombotic Thrombotic
Events, Vessel
Primary
All
Approval
Laboratory
Laboratory
Type Unspecified
Case
Events
Case
Events
Date
Terms*
Terms)*
Counts Counts
(Arterial)*
(Venous)* (Mixed Arterial &
ROR (CI)
ROR (CI)
Venous)*
ROR (CI)
ROR (CI)
ROR (CI)
3.02 (2.35 4.03 (1.98 - 3.72 (3.23 - 2.18 (1.56 - 1.39 (0.96 Dec 2012 1,031 1,031
3.05)
2.04)
3.87)
4.28)
8.21)

8.04 (6.99 - 8.43 (8.11 - 2.03 (1.91 - 1.90 (1.80 dabigatran
Oct 2010 20,965 21,963
2.16)
2.09)
8.59)
9.23)
(Pradaxa)
13.46
8.99 (7.48 - 8.39 (8.05 - 2.01 (1.84 rivaroxaban
(12.79 Jul 2011 10,075 10,431
2.21)
8.74)
10.81)
(Xarelto)
14.17)
12.17
0.78 (0.72 - 1.58 (1.45 warfarin
10.27 (9.21 (11.85 Jun 1954 22,338 94,267
11.45)
0.85)
1.71)
(Coumadin)
12.49)
*See Appendix B

3.64 (3.47 3.82)
5.59 (5.27 5.93)
1.92 (1.81 2.03)

Table 4: Antiplatelets
Embolic &
Thrombotic
Embolic &
Haemorrhage Embolic &
Haemorrhage
terms (excl Thrombotic Thrombotic
Events, Vessel
Primary
All
Approval
Laboratory
Drug
Laboratory
Type Unspecified
Case
Events
Case
Events
Date
Terms*
Terms)*
Counts Counts
(Arterial)*
(Venous)* (Mixed Arterial &
ROR (CI)
ROR (CI)
Venous)*
ROR (CI)
ROR (CI)
ROR (CI)
3.48 (3.27 clopidogrel
2.60 (1.95 - 6.69 (6.43 - 3.77 (3.56 - 1.42 (1.25 Nov 1997 11,309 62,525
4.00)
1.61)
3.69)
(Plavix)
3.46)
6.95)
prasugrel
(Effient)

Jul 2009

1,917

2,519

2.18 (0.98 - 5.66 (5.12 - 6.66 (5.91 - 1.23 (0.90 6.25)
7.52)
1.68)
4.87)

9.50 (8.51 10.61)

ticagrelor
(Brilinta)

Jul 2011

2,263

2,481

1.78 (0.80 - 4.56 (4.15 - 4.24 (3.69 - 0.43 (0.27 4.87)
0.67)
3.97)
5.01)

5.87 (5.21 6.62)

*See Appendix B

RxScore
People are accustomed to counting on objective product ranking and scoring
platforms such as Consumer Reports to guide their purchasing decisions. Drugs,
however, have no similar platform, for either efficacy or safety.
Determining the overall safety risk of a drug necessarily involves the
simultaneous assessment of several safety-related parameters. Choosing these
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factors, and determining how to weigh their individual contribution within a
ranking platform, needs careful consideration. Ideally, it should include safety
information obtained from both pre- and post-approval sources. To paint a fair
picture of the damage done by an AE, it would also need to factor in existing
comorbidities that a patient was suffering from before a given drug was
administered.
To meet these needs, we developed the “RxScore,” a proprietary algorithmic
scoring model based predominantly on post-marketed safety data from over five
million FDA Adverse Event Reporting System (FAERS) reports. RxScore is
presented on a 100-point scale meant to reflect both the breadth and
seriousness of side effect(s) by incorporating nine differentially weighted
categories including FAERS fields such as “Outcome,” “Event Seriousness,”
“Report Type,” and “Reporter Type,” a disproportionality measure, and existing
FDA warnings and DEA risk classifications “Literature.” The score is also
negatively adjusted by factoring in both “Indication Seriousness” and a patient’s
existing comorbidities. A score of 100 indicates the highest potential
adverseevent risks. In order to highlight differences between the drugs in a class,
the tables below list the total score as well as the “percent of maximum” that
each drug had across individual components of the total RxScore.
Our RxScore analysis of blood thinner drugs yielded the following:
Table 5: Anticoagulants: RxScores and Percentage of Maximum for Score
Components
Event
Disproportionality
Seriousness

Literature

Reporter
Type

Report
Priority

28.76%

66.33%

51.32%

69.96%

58.86%

17.76%

56.37%

73.43%

67.19%

41.65%

55.67%

20.18%

56.37%

60.76%

91.95%

33.67%

25.23%

5.51%

56.37%

40.62%

66.60%

Drug

RxScore

Outcome

warfarin
(Coumadin)

67.56

41.08%

51.70%

dabigatran
(Pradaxa)

67.15

37.85%

rivaroxaban
(Xarelto)

67.08

apixaban
(Eliquis)

39.45
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Table 6: Antiplatelets: RxScores and Percentage of Maximum for Score
Components
Literature

Reporter
Type

Report
Priority

28.48%

66.33%

79.62%

98.76%

53.29%

18.13%

66.33%

62.40%

83.12%

69.49%

16.90%

36.44%

55.31%

86.08%

Event
Disproportionality
Seriousness

Drug

RxScore

Outcome

prasugrel
(Effient)

81.13

46.41%

72.07%

ticagrelor
(Brilinta)

68.41

45.35%

clopidogrel
(Plavix)

63.82

49.27%

Results Summary
RxFilter Analysis:
The top three most reported AEs for the anticoagulants varied, but
“gastrointestinal hemorrhage” showed consistency by making the “top three” in
three out of the four drugs. When we tallied anticoagulant case counts for
“outcome,” we found that: dabigatran had 12% of its “primary suspect” cases
listed as “death” compared with 11% for rivaroxaban and 8% for warfarin.
“Death” for apixaban, however, was only reported 5% of the time. For
“hospitalization,” dabigatran, rivaroxaban, and warfarin showed 39%, 43%, and
50%, respectively, while apixaban only had 21%.
For the antiplatelet drugs, notably, all three had “death” listed as a top 3
reported AE. “Death” was listed in 20% of clopidogrel cases and 11% and 14%
of cases for prasugrel and ticagrelor, respectively. Hospitalization percentages
were: clopidogrel (43%), prasugrel (51%), and ticagrelor (38%).

Disproportionality
When compared with three other anticoagulants, warfarin had elevated
disproportionality results (10.2 to 12.1) for the hemorrhage-related categories,
but it showed lower results (0.8 to 1.9) than its’ peers across embolic and
thrombotic AE groupings. Both dabigatran and rivaroxaban had
hemorrhage-related AEs in the 8.0 range. Apixaban, however, was in the 4.0
range. For embolic and thrombotic AE categories dabigatran and apixaban had
similar DA results in the 1.4 – 3.0 range, while rivaroxaban showed higher
results of 5.6 and 13.5.
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For the antiplatelets, the two hemorrhage-related AE categories were similar
across the three drugs, but the embolic and thrombotic groupings showed
marked differentiation. For arterial-related events, prasugrel had a 6.7 result
while clopidogrel and ticagrelor totaled 3.8 and 4.2, respectively. The
unspecified mixed arterial and venous category showed DA results of 3.5 for
clopidogrel and 5.9 for ticagrelor. Prasugrel, however, had a 9.5.

RxScore Analysis
Our RxScore analysis showed that warfarin, dabigatran, and rivaroxaban had
similar total scores (~67 out of 100). Apixaban had relatively lower sub-scores
for “event seriousness” and disproportionality, as well as a much lower total of
39.
For the antiplatelets, clopidogrel (64) and ticagrelor (68) had similar total scores.
Prasugrel, however, had elevated “event seriousness” and disproportionality
sub-totals and an overall score of 81.
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Conclusion
Pre-marketing clinical trials are the established means for determining a drug’s
safety and efficacy during the approval process, but they are by no means
perfect. When a new drug comes to market a more heterogeneous population
uses it and, accordingly, real-world side effects begin to appear.
Accordingly, healthcare decision makers need safety tools that reflect a given
medications effects in these real-life populations. We believe that the use of the
platforms discussed here meet such needs.
Using the methods outlined here we were able to detail real-world side effect
data across the blood thinner class of medications, and particularly within the
sub-categories of these drugs (anticoagulants and antiplatelets). Our review of
post-approval data suggest disproportionally elevated reporting of certain
adverse events such as various hemorrhagic, embolic, and thrombotic events
linked to the use of blood thinners.

The results from our RxFilter, disproportionality, and RxScore
analyses all point to the same general conclusions: 1) apixaban
may be a safer choice within the anticoagulant class, and 2)
prasugrel may have higher safety risks than the other two
medications in its antiplatelet class.
Additionally, these data show specific post-marketing AE results that differ
within each of the blood thinner sub-classes, and therefore may be important for
healthcare providers, especially for those who prescribe these medications.
These results demonstrate our on-going and ever-evolving pursuit to provide our
clients with the most up to date and relevant post-marketing safety information.
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Disclaimers
Neither AdverseEvents, nor its officers or employees actively manage any
account that holds a direct investment position (long or short) in any of the
securities mentioned in this report.
Neither AdverseEvents, nor its officers or employees have been directly
compensated by any party for the preparation of this report. AdverseEvents
offers its services for sale to enterprise customers, including managed care
organizations, financial institutions, pharmaceutical companies, and others.
The inclusion of a particular company, drug, class or indication in this report is
determined wholly by our quantitative signaling and scoring systems along with
our qualitative analysis work. The inclusion or exclusion of any drug, company,
or indication has not and will not be influenced by any third party, including any
clients of AdverseEvents.
In general, post-marketing data may be subject to biases such as underreporting,
stimulated reporting, and confounding by comorbidities. An adverse event report
does not definitively ascertain causality. A specific potential limitation to this
analysis relates to the fact that warfarin has been on the market for so long that
it is possible that physicians may under-report AEs for the drug because they
assume all of its side effects are well-known and properly documented. Both the
disproportionality measures and the RxScore method used herein, however,
compare specific AEs for a drug with its overall AE reports, and therefore act as
an internal control to help minimize such reporting influences.
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Appendix A – FDA-Approved Indications for each Drug
Anticoagulants
Drug
apixaban
(Eliquis)

Approved Indications
• To reduce the risk of stroke and systemic embolism in patients with nonvalvular atrial fibrillation.

dabigatran • To reduce the risk of stroke and systemic embolism in patients with nonvalvular atrial fibrillation.
(Pradaxa)
rivaroxaban • To reduce the risk of stroke and systemic embolism in patients with nonvalvular atrial fibrillation.
(Xarelto) • For the treatment of deep vein thrombosis (DVT) and pulmonary embolism (PE).
• For the prophylaxis and treatment of venous thrombosis and pulmonary embolism.
• For the prophylaxis and treatment of thromboembolic complications associated with atrial fibrillation
warfarin
and/or cardiac valve replacement.
(Coumadin) • For the reduction in the risk of death, recurrent myocardial infarction, and thromboembolic events
such as stroke or systemic embolization after myocardial infarction.

Antiplatelets
Drug

Approved Indications
• For the treatment of acute coronary syndrome in patients with non-ST-segment elevation ACS
(unstable angina (UA)/non-ST-elevation myocardial infarction (NSTEMI)) and for patients with
clopidogrel ST-elevation myocardial infarction (STEMI).
(Plavix) • To decrease the rate of cardiovascular death, myocardial infarction (MI), stroke, or refractory
ischemia.
• To treat recent MI, recent stroke, or established peripheral arterial disease.
prasugrel
(Effient)

• For the reduction of thrombotic cardiovascular events (including stent thrombosis) in patients with
acute coronary syndrome.

ticagrelor
(Brilinta)

• For the reduction of the rate of thrombotic cardiovascular events in patients with acute coronary
syndrome (ACS) (unstable angina, non-ST elevation myocardial infarction, or ST elevation myocardial
infarction)
• In patients treated with PCI, it also reduces the rate of stent thrombosis.
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Appendix B – Adverse Event Search Terms Used
In tables 1 & 2, we aggregated MedDRA Preferred Terms into the following larger
categories:
Stroke:
MedDRA Preferred Term: Basal ganglia stroke
MedDRA Preferred Term: Brain stem stroke
MedDRA Preferred Term: Cerebrovascular accident
MedDRA Preferred Term: Embolic stroke
MedDRA Preferred Term: Haemorrhagic stroke
MedDRA Preferred Term: Haemorrhagic transformation stroke
MedDRA Preferred Term: Ischaemic stroke
MedDRA Preferred Term: NIH stroke scale abnormal
MedDRA Preferred Term: NIH stroke scale score increased
MedDRA Preferred Term: Post procedural stroke
MedDRA Preferred Term: Stroke in evolution
MedDRA Preferred Term: Thrombotic stroke
Heart Attack
MedDRA Preferred Term: Acute myocardial infarction
MedDRA Preferred Term: Myocardial infarction
MedDRA Preferred Term: Post procedural myocardial infarction
MedDRA Preferred Term: Silent myocardial infarction

In tables 3 & 4, we used the following adverse event categories:
Standardised MedDRA Queries (SMQ)
SMQ: Haemorrhage laboratory terms
SMQ: Haemorrhage terms (excl laboratory terms)
SMQ: Embolic and thrombotic events, arterial
SMQ: Embolic and thrombotic events, venous
SMQ: Embolic and thrombotic events, vessel type unspecified and mixed arterial and venous

17

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

VOL. 66, NO. 12, 2015

ª 2015 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION

ISSN 0735-1097/$36.00

PUBLISHED BY ELSEVIER INC.

http://dx.doi.org/10.1016/j.jacc.2015.08.002

REVIEW TOPIC OF THE WEEK

Bridging Anticoagulation
Primum Non Nocere
Stephen J. Rechenmacher, MD, James C. Fang, MD

ABSTRACT
Chronic oral anticoagulation frequently requires interruption for various reasons and durations. Whether or not to bridge
with heparin or other anticoagulants is a common clinical dilemma. The evidence to inform decision making is limited,
making current guidelines equivocal and imprecise. Moreover, indications for anticoagulation interruption may be
unclear. New observational studies and a recent large randomized trial have noted signiﬁcant perioperative or periprocedural bleeding rates without reduction in thromboembolism when bridging is employed. Such bleeding may also
increase morbidity and mortality. In light of these ﬁndings, physician preferences for routine bridging anticoagulation
during chronic anticoagulation interruptions may be too aggressive. More randomized trials, such as PERIOP2 (A Double
Blind Randomized Control Trial of Post-Operative Low Molecular Weight Heparin Bridging Therapy Versus Placebo
Bridging Therapy for Patients Who Are at High Risk for Arterial Thromboembolism), will help guide periprocedural
management of anticoagulation for indications such as venous thromboembolism and mechanical heart valves. In the
meantime, physicians should carefully consider both the need for oral anticoagulation interruption and the practice of
routine bridging when anticoagulation interruption is indicated. (J Am Coll Cardiol 2015;66:1392–403) © 2015 by the
American College of Cardiology Foundation.

M

ore than 35 million prescriptions for oral

Association, American College of Cardiology, Heart

anticoagulation (OAC) are written each

Rhythm Society, and American College of Chest Phy-

year in the United States (1). Conditions

sicians have yet to incorporate the ﬁndings of this

being treated with OAC include atrial ﬁbrillation, me-

trial and remain based upon observational studies

chanical heart valves, venous or arterial thromboem-

and expert opinion (5,6). Yet, the guidelines do

bolism, and ventricular assist devices. In any given

largely agree upon 3 important principles:

year, 15% to 20% of these patients will undergo
an invasive procedure or surgery that interrupts
their chronic OAC, putting them at increased risk
for thromboembolism (TE), hemorrhage, and death
(2,3). Perioperative or periprocedural (hereafter combined simply as periprocedural) anticoagulation management is a common clinical dilemma, often leading
to signiﬁcant adverse events. The clinical relevance
of this common dilemma and the lack of deﬁnitive

1. OAC should not be interrupted for procedures with
low bleeding risk.
2. Patients at highest risk for TE without excessive
bleeding risk should consider bridging. Conversely,
those at low risk for TE should not be bridged.
3. Intermediate-risk

cases

(Table

1)

should

be

managed by individually considering patient- and
procedure-speciﬁc risks for bleeding and TE.

evidence to guide medical decision making has

Patients at low risk for TE should not create a

ﬁnally led to the conduct of pertinent clinical trials,

clinical dilemma. Yet, physician surveys of peri-

1 of which has been recently completed (4). How-

procedural bridging preferences demonstrate that

ever, current guidelines from the American Heart

approximately 30% of physicians choose to bridge
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patients at low risk for TE due to overestimation of

if at all possible. Unless a high bleeding-risk

ABBREVIATIONS

thrombosis risk (7–9). There is even greater hetero-

surgery is urgently needed, it is best to

AND ACRONYMS

geneity of practice in those patients with intermedi-

postpone the procedure until TE risk is

ate or unclear risks of bleeding or TE. Current

attenuated.

evidence, including the recently completed BRIDGE
trial (Bridging Anticoagulation in Patients Who
Require Temporary Interruption of Warfarin Therapy
for an Elective Invasive Procedure or Surgery) (see
later

discussion),

suggests

that

periprocedural

bleeding rates are signiﬁcantly higher than thrombosis rates in this group (2,4,10–16).
The goal of this review is not to detail the timing,
doses, or speciﬁcs of bridging anticoagulation. Rather,
we will review the data available to speciﬁc questions
that arise in clinical practice to better individualize
decision making and reduce adverse events. We have
limited the scope of the discussion to anticoagulant
management. The periprocedural management of antiplatelet agents has been reviewed elsewhere (5,17).

CONFIRMING OAC INDICATIONS

INR = international normalized
ratio

AVOID OAC INTERRUPTIONS

LVAD = left ventricular assist
device

Periprocedural warfarin interruption remains
a routine practice for many clinicians. Recent
data suggest that 40% to 60% of OAC interruptions may be unnecessary (2,12,18). A
2005

survey

of

dermatologic

surgeons

revealed that 44% of them routinely interrupt

NOAC = novel oral
anticoagulant

OAC = oral anticoagulation
TE = thromboembolism
VTE = venous
thromboembolism

OAC for dermatologic surgery—a procedure with low
bleeding risk (19). Other surveys similarly reveal that
90% to 100% of physicians would interrupt OAC and
even bridge patients who are undergoing low
bleeding-risk procedures regardless of TE risk (7,18).
OAC should not be interrupted for patients undergoing low bleeding-risk procedures, particularly
those at high risk for TE. Uninterrupted warfarin
throughout the periprocedural period is not associ-

When determining the optimal periprocedural anti-

ated with elevated bleeding risk for many procedures

coagulation strategy, a critical ﬁrst step is to fully

and surgeries, especially when a lower interna-

appreciate the indication for chronic OAC. In some

tional normalized ratio (INR) goal of 2.0 is targeted

cases, OAC may no longer be required. For example, a

(Table

patient may present for a procedure who has been on

warfarin therapy can paradoxically reduce peri-

warfarin for a single provoked deep vein thrombosis

procedural bleeding relative to interrupted warfarin

that occurred more than 6 months prior. In such a

with heparin bridging (20).

2)

(11,16,18,20–25).

Ironically,

continuous

situation, discontinuation of OAC is most appropriate

Moreover, warfarin interruption and reinitiation

and will simplify periprocedural anticoagulation

can be associated with an increased incidence of

management.

stroke. In 1 retrospective study, warfarin initiation

In some cases, OAC is indicated for acute treatment

more than doubled the stroke risk during the ﬁrst

of an existing or recent TE (i.e., in the past 3 to

week compared with nonanticoagulated, matched

6 months). Although temporary discontinuation of

control subjects (26,27). This paradox may be due to

primary prevention OAC may be appropriate, treat-

early depletion of the vitamin K–dependent factors,

ment of an active thrombus should not be interrupted

proteins C and S, creating a hypercoagulable milieu.

T A B L E 1 Risk Stratiﬁcation for Perioperative Thromboembolism as Suggested by ACCP

Indication for Anticoagulation
Risk Group

Mechanical Heart Valve

Atrial Fibrillation

 CHADS2 score 5 or 6
 CVA/TIA <3 months prior
 Rheumatic valvular heart disease

 VTE <3 months prior
 Severe thrombophilia†

Moderate

 Mitral valve prosthesis
 Cage-ball or tilting disc aortic
valve prosthesis
 CVA/TIA <6 months prior

 Bileaﬂet aortic valve and other
risk factors‡

 CHADS2 score 3 or 4

Low

 Bileaﬂet aortic valve without
other risk factors

 CHADS2 score 2 or
less without prior CVA/TIA






High*

VTE

VTE 3–12 months prior
Nonsevere thrombophilia§
Recurrent VTE
Active cancer

 VTE >12 months prior without
other risk factors

Data from the American College of Chest Physicians (ACCP) guidelines (5). *A true high-risk category may be difﬁcult to objectively deﬁne in the absence of trials demonstrating
beneﬁt of heparin bridging in such patients. †Deﬁciency of protein C, protein S, or antithrombin; antiphospholipid antibodies; multiple abnormalities. ‡CVA risk factors include:
atrial ﬁbrillation, prior CVA/TIA, hypertension, diabetes, congestive heart failure, age >75 years. §Heterozygous factor V Leiden or prothrombin gene mutation.
CHADS2 ¼ congestive heart failure, hypertension, age >75 years, diabetes mellitus, and stroke; CVA ¼ cerebrovascular accident; TIA ¼ transient ischemic attack;
VTE ¼ venous thromboembolism.
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T A B L E 2 Procedures Amenable to Uninterrupted

Therapeutic Warfarin

Endoscopy
Biopsies
Endovascular interventions

Strokes and transient ischemic attacks occurred in 2
patients on uninterrupted warfarin (0.3%), with no
statistically

signiﬁcant

difference

between

the

groups.
Nevertheless, in many circumstances, interruption

Percutaneous coronary interventions

of chronic anticoagulation will be necessary to avoid

Cardiac electrophysiology studies and ablations

excessive procedural- or surgical-related bleeding.

Cardiac device implantation (pacemakers, deﬁbrillators,
loop recorders)

To justify bridging anticoagulation, the risk of TE

Cataract surgery

while off of anticoagulation should be great enough

Dermatologic surgery

to justify the bleeding risk of bridging. However, as

Dental extractions

outlined in the following text, the TE risk is generally

Epidural anesthetics and likely other interventional pain
management techniques

modest and outweighed by the risk of bridgingassociated bleeding.

Minor noncardiac surgeries
Total knee arthroplasty
Arthroscopic surgery

WHAT IS THE CLOTTING AND BLEEDING RISK
IN THE PERIPROCEDURAL PERIOD?

Relatively major operations may also tolerate

PERIPROCEDURAL TE IS UNCOMMON. The actual

continuation of OAC. For example, certain orthopedic

rate of periprocedural TE for unbridged OAC in-

surgeries may also prove tolerant to uninterrupted

terruptions is rare, estimated at approximately 0.53%

OAC therapy. Rhodes et al. (22) retrospectively

from our review of over 23,000 OAC interruptions in

analyzed 77 patients undergoing total knee arthro-

70 studies from 1966 to 2015 (Table 3, Figure 1A)

plasty; 38 patients remained on warfarin throughout

(2,4,10–16,28). From the same database, the rate of TE

the perioperative period. They found no signiﬁcant

for patients who are bridged is slightly higher at

difference in the rates of blood transfusion, wound

0.92%. The actual rate is likely higher in the absence

complications, or reoperation between the 2 groups.

of bridging but is biased in these observational

Randomized studies appear to conﬁrm these observations. Two randomized prospective trials have

studies by the clinician’s impression of greater TE risk
that drives the decision to bridge.

been conducted to directly compare the safety and

Rates of bleeding and TE vary by OAC indication

efﬁcacy of uninterrupted warfarin versus bridging

(Figure 1B). For atrial ﬁbrillation, an individual’s daily

with heparin. In a 2007 study, 214 patients on OAC

risk of stroke or transient ischemic attack can be

undergoing dental extraction were randomized to

approximated by dividing the annual stroke risk by

either continue warfarin or to stop warfarin and

365 days. Although one might expect more thrombosis

bridge with heparin (23). Interrupted warfarin without

in the periprocedural period by invoking Virchow’s

bridging was not studied. There were no TE events in

triad, observational studies have not borne this

either group, consistent with the low rate of TE seen

hypothesis out. For example, in ORBIT-AF (Outcomes

in other studies. Importantly, nearly one-half of the

Registry for Better Informed Treatment of Atrial

patients were at presumably high TE risk, with either

Fibrillation) (2), the periprocedural cohort observed a

prosthetic valves or atrial ﬁbrillation with valvular

0.35% 30-day stroke rate. Using the average ORBIT-AF

disease. The rate of bleeding was also similar between

CHA2DS2-VASc score of 4.1, corresponding to an

patients with uninterrupted warfarin versus those

annual stroke risk of approximately 4.2%, the calcu-

with heparin bridging (7.34% vs. 4.76%, respectively;

lated 30-day stroke risk is surprisingly similar at 0.35%.

p > 0.05).

For mechanical heart valves, the perioperative risk

BRUISE CONTROL (Bridge or Continue Coumadin

of TE is approximately 1% (11). Older studies (mostly

for Device Surgery Randomized Controlled Trial),

from the 1970s and 1980s) suggested a higher inci-

published in 2013, randomized 681 high-risk patients

dence of perioperative TE. However, these older

undergoing pacemaker or deﬁbrillator implantation

studies included patients with higher-risk valves,

to either uninterrupted OAC or interrupted OAC with

such as cage-ball and tilting disc valves, which would

heparin bridging (20). Due to the high TE risk of the

have been far more common in that time period (29).

study population, there was again no arm of inter-

In a more contemporary study of 45 patients with

rupted OAC without bridging. The investigators found

mechanical aortic and/or mitral valves who were

that heparin produced more than 4 as many clini-

undergoing central nervous system surgeries be-

cally signiﬁcant pocket hematomas than in those on

tween 2004 and 2012, there were no TE events during

uninterrupted warfarin (16% vs. 3.5%; p < 0.001).

an average anticoagulation gap of 7 days (14). More
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than one-third of these patients were not bridged. Of
note, 20% of these patients experienced a major
bleeding event.
Regarding venous thromboembolism (VTE), a
recent observational study of 1,257 patients found
only 6 recurrent VTE events (0.4%) during the periprocedural period (12). Of the 236 patients at moderate to high risk of recurrent VTE, there was only 1
event. Two-thirds of these patients were not bridged.
No difference in recurrent VTE was detected between
the bridged and nonbridged groups.
Left ventricular assist devices (LVADs) are an
increasingly common indication for OAC. Management of periprocedural anticoagulation in LVAD
patients is complex and consensus is lacking (30).
Cumulative TE rates are surprisingly modest despite
likely frequent subtherapeutic INRs (extrapolating
from the experience in anticoagulation clinics). Boyle
et al. (31) showed that, in 331 patients with HeartMate II
LVADs (Thoratec, Pleasanton, California), the rate of
TE (ischemic stroke and pump thrombosis) was 1.5%
over the course of a year (31). Thrombotic events
correlated with an INR <1.5, and hemorrhagic events
with an INR >2.5. Meanwhile, major hemorrhage
occurred 6 more frequently than TE. Another retrospective study examined patients who, for various
reasons, never achieved a post-operative partial
thromboplastin time >40 s after implantation of a
HeartMate II. Although the stroke and pump thrombosis rates were high, subtherapeutic patients did no
worse than fully anticoagulated patients. However,
they experienced an absolute risk reduction of 11%
fewer hemorrhagic events than their anticoagulated
RE-LY ¼ Randomized Evaluation of Long Term Anticoagulant Therapy With Dabigatran Etexilate.

Values are n or % (n) unless otherwise indicated. *Denominator differs from number of cases stated (12,278) due to heterogeneity of deﬁnitions and reporting of events between studies reviewed. †Dunn et al. (16) excluded from combined totals to represent the most
currently relevant data.
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2003

2001–2010

34

0.6 (6)

0.60

Not Bridged
Not Bridged
Bridged
Not Bridged
Bridged
Study Type
Study Period
Year Published
Study/First Author (Ref. #)

Any Bleeding

Bridged
Total
%
Major Bleeding
Thromboembolic Events

Total
%
Number
of Cases
Number of
Studies

T A B L E 3 Summary of All Studies Examining Periprocedural Complications by Anticoagulation Strategy From 1966 to 2015

2.19
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N/A
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Total
%

JACC VOL. 66, NO. 12, 2015

counterparts (32).
BLEEDING IS MUCH MORE COMMON THAN CLOTTING.

On average, the most recent studies demonstrate
a periprocedural bleeding-to-thrombosis ratio of
approximately 13:1 with bridging and 5:1 without
bridging (Figure 1), suggesting that the net effect of
bridging is unbalanced toward bleeding (2,10–15). In
a large systematic review and meta-analysis of 34
observational studies of bridging anticoagulation,
Siegal et al. (10) found an odds ratio of 3.6 (95% conﬁdence interval: 1.52 to 8.50) for major bleeding with
bridging versus nonbridging, and no signiﬁcant difference in TE or mortality (Figure 2) (10). Because a
systemic embolic event is often far more devastating
than bleeding, an elevated bleeding-to-thrombosis
ratio may be acceptable. However, a 13:1 ratio for
bridging anticoagulation is likely inconsistent with the
standard of primum non nocere, or “ﬁrst, do no harm.”
BLEEDING MAY BE A BIGGER THREAT THAN CLOTTING.

Bleeding is increasingly recognized as a marker of

Downloaded From: http://content.onlinejacc.org/ by James Januzzi on 09/22/2015

1395

1396

Rechenmacher and Fang

JACC VOL. 66, NO. 12, 2015

Bridging Anticoagulation

SEPTEMBER 22, 2015:1392–403

(p < 0.003). Also, compared with uninterrupted

F I G U R E 1 Rates of Periprocedural Thromboembolism and Bleeding

warfarin, bridging anticoagulation correlates with
increased hospital cost ($41.72  $37.81 vs. $1,114.60 

11.83%

A 12%

$164.90) (21).

Despite the evidence that: 1) TE events are rare in

Thromboembolism

10%

the periprocedural period; 2) hemorrhage is far more

Major Bleeding

common than TE with bridging; and 3) there is no

Any Bleeding

clear antithrombotic beneﬁt with bridging, it remains

Event Rate

8%

a common and highly variable practice.

6%
3.52%

4%

CONTEMPORARY BRIDGING PRACTICES ARE

2.80%

2%
0.52%
0%

HIGHLY VARIABLE

1.18%

0.94%

Traditional

Not Bridged

contemporary

anticoagulation

clinics

report an average time in therapeutic range of only

Bridged

65% (38). In 1 study, 23% of INR values were below 2.0

B

(39). Therefore, the average patient on chronic

4%

warfarin therapy spends more than 84 days/year in a

Thromboembolism

3.32%

subtherapeutic range. Yet, cumulative annual TE

Major Bleeding

3%

rates are modest at approximately 1% when all pa-

Event Rate

tients with atrial ﬁbrillation in such programs are
2.26%

considered (40). It is worth noting that the length
of time warfarin is interrupted for a procedure is

2%

typically <5 days (13). Although it is not common
1.13%

1.14%
1%

practice to bridge subtherapeutic patients in the
outpatient setting, many clinicians default to bridging

0.76%

0.65%

during these short periprocedural periods—ironically,
0%

a time when patients are at greater risk of bleeding.
Afib

VTE

Mechanical Valves

The threshold for bridging in current clinical
practice is too low (8). Moderate- and even low-risk

Comparison of periprocedural event rates by bridging strategy (A) and oral anticoagulation

patients are often being bridged by default, “just to

indication (B). Rates represent pooled data from Clark et al. (12), Steinberg et al. (2),

be safe.” Paradoxically, this practice is producing

Cavalcanti et al. (14), Wysokinski et al. (11), RE-LY (Randomized Evaluation of Long Term

preventable adverse bleeding events with little

Anticoagulant Therapy With Dabigatran Etexilate) (28), and BRIDGE (4). Overall bleeding

beneﬁt for thrombosis prevention. Clark et al. (12)

rates were not available by individual oral anticoagulation indication. Aﬁb ¼ atrial ﬁbril-

lation; VTE ¼ venous thromboembolism.

recently described a large retrospective cohort of
1,812 procedures with chronic OAC interruption (12).
They found that 73% of patients bridged for VTE were
at low risk for recurrence. In addition, they may not

poor outcomes (33,34). For example, anticoagulation-

have required OAC interruption in the ﬁrst place,

related hemorrhage has been clearly associated with

given that 39% of those procedures are similar to

increased morbidity and mortality in the published

those listed in Table 2.

medical, interventional, and surgical data and, in

Steinberg

et

al.

(2)

analyzed

the

ORBIT-AF

many cases, overwhelms the beneﬁts of the anti-

registry—a large prospective observational atrial

coagulation (3,33,35–37). Approximately 10% of major

ﬁbrillation cohort including 2,803 OAC interruptions

bleeding events in patients anticoagulated for VTE

for various procedures. They similarly found that

ultimately end in death—ironically comparable to the

patients were being bridged indiscriminately, as

mortality rate from recurrent VTE (8). In a study

evidenced by the similar CHA2DS2-VASc scores

analyzing 3,037 atrial ﬁbrillation patients taking OAC

between the bridged and nonbridged groups. If

hospitalized at 584 centers, investigators retrospec-

patients’

tively discovered that 14 patients died who had

considered, one would have expected the average

received heparin bridging compared with no deaths in

CHA2DS2-VASc score to be higher in the bridged

control

heparin

group. In addition, in patients whose OAC was inter-

(p < 0.005) (34). Hospital length of stay was increased

rupted for various procedures, bridging was associ-

by 19.3% in association with unfractionated heparin

ated with a 4-fold risk of bleeding (5% vs. 1.3%;

subjects

who

did

not

receive
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F I G U R E 2 Odds Ratios for Major Bleeding and Thromboembolic Events With Bridging

A Major Bleeding
Study or Subgroup

Bridging
No Bridging
Odds Ratio
Events Total Events Total Weight M-H, Random, 95% CI
15
4
13
14
6

Daniels et al., 2009
Garcia et al., 2008
Jaffer et al., 2010
McBane et al., 2010
Wysokinski et al., 2008

342
108
229
514
204

5
2
3
2
4

1397

Total (95% CI)

24.9%
15.3%
21.0%
17.9%
20.8%

1.91 [0.68, 5.33]
22.75 [4.12, 125.68]
5.22 [1.47, 18.54]
3.63 [0.82, 16.08]
1.35 [0.37, 4.86]

2104 100.0%

3.60 [1.52, 8.50]

213
1185
263
261
182

Total events
52
16
Heterogeneity: Tau2 = 0.50; Chi2 = 8.41, df = 4 (P = 0.08); I2 = 52%
Test for overall effect: Z = 2.92 (P = 0.004)

0.005
0.1
Favors Bridging

B Thromboembolic Events
Study or Subgroup
Daniels et al., 2009
Garcia et al., 2008
Jaffer et al., 2010
Marquie et al., 2006
McBane et al., 2010
Tompkins et al., 2010
Varkarakis et al., 2005
Wysokinski et al., 2008

Bridging
No Bridging
Odds Ratio
Events Total Events Total Weight M-H, Random, 95% CI
8.8%
5.2%
8.2%
4.6%
40.5%
9.4%
4.7%
18.6%

2.51 [0.28, 22.60]
0.72 [0.04, 12.76]
0.38 [0.04, 3.68]
0.20 [0.01, 4.14]
0.84 [0.30, 2.35]
0.55 [0.07, 4.59]
4.25 [0.21, 84.56]
0.66 [0.15, 3.01]

1691
3493 100.0%
Total (95% CI)
19
32
Total events
Heterogeneity: Tau2 = 0.00; Chi2 = 3.68, df = 7 (P = 0.82); I2 = 0%
Test for overall effect: Z = 0.67 (P = 0.50)

0.80 [0.42, 1.54]

4
0
1
0
10
1
0
3

342
108
229
114
514
155
25
204

1
7
3
2
6
6
3
4

213
1185
263
114
261
513
762
182

Odds Ratio
M-H, Random, 95% CI

1

10
200
Favors No Bridging

Odds Ratio
M-H, Random, 95% CI

0.005
0.1
Favors Bridging

1

10
200
Favors No Bridging

Forest plot for major bleeding from Siegal et al. (10) demonstrates a signiﬁcant odds ratio of 3.6 for patients receiving bridging anticoagulation (A). There
is no signiﬁcant difference in thromboembolic events between bridging and nonbridging (B). CI ¼ conﬁdence interval; M-H ¼ Mantel-Haenszel.
Reprinted with permission from Siegal et al. (10).

adjusted odds ratio: 3.84; p < 0.0001) with no sig-

population

niﬁcant difference in TE events (2).

primary endpoints were arterial thromboembolism

largely

moderate

risk

for

TE.

The

and major bleeding.

THE BRIDGE TRIAL

The rate of arterial TE in the placebo group was
noninferior to the bridging group (0.4% vs. 0.3%;

In support of the mounting observational data, the
recently published landmark BRIDGE trial now provides the most compelling evidence that routine
bridging in moderate-risk patients is harmful. In the
BRIDGE trial—a randomized, double-blinded, placebocontrolled noninferiority study—1,884 atrial ﬁbrilla-

p ¼ 0.01 for noninferiority). Major and minor bleeding

in the placebo group was signiﬁcantly less than in
the bridging group (1.3% vs. 3.2%; p ¼ 0.005; 12%

vs. 20.9%; p ¼ 0.001; respectively). There was no

measurable difference among myocardial infarction,
deep vein thrombosis, pulmonary embolism, or death.

tion patients (valvular and nonvalvular) who were

This study conﬁrms that no bridging is noninferior

undergoing a procedure with planned warfarin

to bridging for preventing TE and is superior for

interruption were randomized to anticoagulation

reducing bleeding. The assumption that any in-

bridging with the low molecular-weight heparin,

creased bleeding caused by bridging is justiﬁed by a

dalteparin, or placebo (4). The reasons for OAC

decrease in TE has been challenged by the BRIDGE

interruption were not speciﬁed, but importantly,

trial. It appears that bridging in moderate-risk atrial

89.4% underwent procedures designated as “low

ﬁbrillation populations causes harm without beneﬁt.

bleeding risk.” The average CHADS 2 (congestive

An important limitation of the BRIDGE trial

heart failure, hypertension, age >75 years, diabetes

was that the population studied was limited to pa-

mellitus, stroke) score was 2.3, making the study

tients whose anticoagulation indication was atrial
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C EN T RA L IL LUSTR AT I ON

Bridging Anticoagulation: Algorithms for Periprocedural Interrupting and Bridging Anticoagulation

Periprocedural patient on chronic oral anticoagulation (OAC)

Is OAC still required?

N

Y

DECISION TO INTERRUPT OAC

Is a high-bleeding risk procedure required emergently?

N

Low

Y

What is the risk of bleeding with uninterrupted OAC?
Intermediate
High

Is thromboembolic risk low?

Y

N
Is surgeon willing to operate
with uninterrupted OAC?

Y

Interrupt OAC

Do not interrupt OAC

DECISION TO BRIDGE WITH ANTICOAGULANTS

Discontinue OAC indefinitely

N

Interrupt OAC, consider reversal
agent and proceed to surgery

What is the daily thromboembolic risk?
Intermediate

Low

High

Is atrial fibrillation the indication for OAC?

Y

N
Does the thromboembolic risk clearly
outweigh the increased bleeding risk from bridging?

N

Do not bridge

Y

Consider bridging

Rechenmacher, S.J. et al. J Am Coll Cardiol. 2015; 66(12):1392–403.

Decision trees for periprocedural interruption of chronic oral anticoagulation (top) and for periprocedural bridging anticoagulation (bottom). OAC ¼ oral

anticoagulation.

ﬁbrillation and to those at predominantly intermedi-

mechanical heart valves, or recent venous or arterial

ate risk of TE (although 16.3% had concomitant

thromboses, should be done cautiously. But the low

valvular disease). Extrapolation of the BRIDGE results

arterial TE rate (0.4%) in BRIDGE patients considered

to groups with greater TE risk, such as patients

to be at intermediate TE risk is reassuring. Other

with atrial ﬁbrillation and higher CHADS2 scores,

randomized trials are underway to address these
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Heparin
Warfarin

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

J

Early Transition Off Heparin
Heparin
Warfarin

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Anticoagulation Effect

Warfarin
Ideal Bridging

Uninterrupted with Lower INR Goal

E

Warfarin

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Post-Procedure Only
Heparin
Warfarin

H

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Non-Pharmacologic Anti-Thrombosis
Warfarin
Ambulation, compression
devices, etc.

K

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Anticoagulation Effect

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Full Heparin Bridging
Heparin
Warfarin

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Delayed Initiation Post-Procedure
Anticoagulation Effect

G

Low-Dose Heparin Bridging

Anticoagulation Effect

Anticoagulation Effect

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Anticoagulation Effect

D

Theoretical Ideal Bridging

Anticoagulation Effect

I

Anticoagulation Gap
-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Warfarin

Anticoagulation Effect

F

Warfarin

Uninterrupted Oral Anticoagulation

Anticoagulation Effect

C

B

Warfarin Interruption

Anticoagulation Effect

A

Anticoagulation Effect

F I G U R E 3 Periprocedural Antithrombotic Strategies

Heparin
Warfarin

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Novel Oral Anticoagulant Interruption
NOAC

-5 -4 -3 -2 -1 0 1 2 3 4 5
Days from Procedure or Surgery

Warfarin interruption produces an anticoagulation gap (A). Various strategies (C to K) attempt to emulate a theoretical ideal bridge (B). See text for
discussion. INR ¼ international normalized ratio; NOAC ¼ novel oral anticoagulant.

issues. PERIOP2 (A Double Blind Randomized Control

Candidates for uninterrupted OAC are those patients

Trial

Weight

at moderate or high risk for TE and who are under-

Heparin Bridging Therapy Versus Placebo Bridging

going a reasonably low bleeding risk procedure

of

Post-Operative

Low

Molecular

Therapy for Patients Who Are at High Risk for Arterial

(Table 2). To avoid unnecessary bleeding with unin-

Thromboembolism;

terrupted OAC, also consider a lower periprocedural

NCT00432796)

is

a

placebo-

controlled, double-blinded, multicenter Canadian

INR goal of 2.0 (Figure 3D).

study that is randomizing moderately high-risk pa-

If OAC interruption is necessary, avoid bridging

tients with mechanical heart valves and atrial ﬁbril-

patients (Figure 3A) at low or moderate risk for TE

lation to dalteparin or placebo for perioperative

(Table 1) (5) as long as other individualized risks (i.e.,

bridging. The primary endpoint is any major TE

existing left atrial appendage thrombus or active

event, including stroke, myocardial infarction, sys-

cancer) do not exist. Patient-speciﬁc bleeding risk

temic embolism, valve thrombosis, VTE, or vascular

should also be assessed to help guide anticoagulation

death.

decisions. One approach is to use bleeding risk calculators such as a BleedMAP score (1,27). This model

A CONTEMPORARY APPROACH

was derived by retrospectively analyzing 2,484 periprocedural OAC interruptions through the Mayo

Using the cumulative available data, our approach to

Clinic Thrombophilia Center from 1997 to 2007 (41).

periprocedural anticoagulation is detailed in the

BleedMAP assigns a point for each of the following:

following text (Central Illustration, Figure 3).

prior bleeding (Bleed), mechanical mitral valve

First and foremost, whenever possible, avoid in-

(M), active cancer (A), and low platelets (P). Higher

terrupting OAC (Central Illustration, Figures 3C and 3D).

scores portend higher perioperative bleeding risk.
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valve), with a reasonably low bleeding risk, and who

F I G U R E 4 Major Event Rates by BleedMAP Score

require OAC interruption for more than a few days at a

A

time (Central Illustration). Limited data suggest that

Rates of Major Hemorrhage
12

mechanical valves at high risk for TE (i.e., mechanical
mitral valves or tilting disc valves) may exhibit a

All patients
Bridged

relatively favorable bleeding-to-thrombosis proﬁle
when bridged. However, these data are retrospective
(11,14). Whether or not to bridge patients with atrial

8

ﬁbrillation and a high CHADS2 score remains unclear;
PERIOP2 may help clarify this question. Although
we generally support the current guidelines in high-

4

risk patient groups, until further evidence is more
deﬁnitive, we strongly encourage providers to carefully assess bleeding risk in the context of poorly

0

0

1—2

≥3

BleedMAP Score

B

period.
When bridging is deemed necessary, more conservative bridging strategies should be entertained,

Rates of Thromboembolism
1.2

deﬁned thrombotic risk during the OAC interruption

such as low-dose heparin (Figure 3F) (42), post-

All patients
Bridged

procedure–only heparin (Figure 3G), delayed initiation of post-procedure heparin (Figure 3H), and early
transitioning off of heparin as the INR approaches 2.0,

0.8

rather than after (Figure 3I) (5,15,42–44). Health care
providers should also consider nonpharmacological
approaches (i.e., ambulation and compression stock0.4

ings) to reduce thrombotic risk when OAC interruption is necessary (Figure 3J). Bleeding avoidance
strategies and nonpharmacological approaches can be
effective (45).

0
0

1—2

≥3

BleedMAP Score
A higher BleedMAP score correlated with increased bleeding both in patients receiving

NOVEL ANTICOAGULANTS IN THE
PERIPROCEDURAL PERIOD

bridging anticoagulation (salmon) and in all patients (blue) (A). Thromboembolism did not
occur with high BleedMAP scores and was rare in general (B). Reprinted with permission

Novel oral anticoagulants (NOACs) will be increasingly

from Tafur et al. (41).

encountered in periprocedural scenarios. NOACs are
poised to replace warfarin for the treatment of atrial
ﬁbrillation and VTE (1,46). Multiple investigators
have reviewed perioperative NOACs interruptions in

Conveniently, higher BleedMAP scores also correlate

atrial ﬁbrillation populations (27,28,47–49). NOAC

with lower TE rates (Figure 4).

interruptions occurred frequently in the RE-LY

The net clinical beneﬁt of bridging patients at

(Randomized Evaluation of Long Term Anticoagulant

“high risk” for TE (Table 1) remains unknown and is not

Therapy With Dabigatran Etexilate), ROCKET-AF

yet supported by clinical trial evidence. It should be

(Rivaroxaban Once-Daily, Oral, Direct Factor Xa In-

noted that observational data has yet to demonstrate

hibition Compared With Vitamin K Antagonism for

that bridging meaningfully reduces TE events, even

Prevention of Stroke and Embolism Trial in Atrial

in populations with high TE risk (2,10,12,16). In

Fibrillation), and ARISTOTLE (Apixaban for Reduc-

contrast, excessive hemorrhagic events have been

tion in Stroke and Other Thromboembolic Events

well described. However, until clinical trial evidence

in Atrial Fibrillation) studies—25%, 33%, and 34%,

is available, we recommend following guideline re-

respectively. Patients in these large trials did not

commendations to consider individualizing bridging

experience increased TE or bleeding events peri-

anticoagulation in speciﬁc high-risk patients (Table 4).

operatively, whether bridged or unbridged—even

For example, it might be reasonable to consider

those undergoing major or urgent surgical pro-

bridging in those with an unacceptably high TE risk

cedures (28,48). Given their pharmacokinetic simi-

(i.e., active or recent arterial TE or mechanical mitral

larities to low molecular-weight heparins (Figure 3K),
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T A B L E 4 Bridging Recommendations and Considerations for High-Risk Patients by OAC Indication

Thromboembolism
Risk During OAC
Interruption

Major
Bleeding
Risk

Atrial ﬁbrillation
(CHADS2 $5)

þ

Recent VTE

High-Risk OAC
Indication

Guideline Recommendation
(ACCP)

Guideline Recommendation
(AHA/ACC/HRS)

þþþ

Bridging is favored (Grade 2C)

No speciﬁc recommendation to bridge.
Individualize based on bleeding
and TE risk.

þ

þþ

Bridging is favored (Grade 2C)

N/A

Recent or active
arterial TE

þþ

þþ

Bridging is favored (Grade 2C)

No speciﬁc recommendation to bridge.
Individualize on the basis of
bleeding and TE risk.

Mechanical heart
valve(s)

þþ

þþþ

Bridging is favored (Grade 2C)

No speciﬁc recommendation to bridge.
Individualize on the basis of
bleeding and TE risk.

Considerations Favoring Not Bridging






Short OAC interruption (<3–5 days)
Concurrent dual antiplatelet therapy
Active bleeding
High risk of major bleeding
(BleedMAP score)
 No prior TE
 Sinus rhythm

 Same as atrial ﬁbrillation considerations
 VTE >3 months prior

 Same as atrial ﬁbrillation considerations
 TE >3 months prior
 Same as atrial ﬁbrillation considerations
 Aortic position only

ACC ¼ American College of Cardiology; ACCP ¼ American College of Chest Physicians; AHA ¼ American Heart Association; HRS ¼ Heart Rhythm Society; OAC ¼ oral anticoagulation; TE ¼ thromboembolism;
other abbreviations as in Table 1.

novel anticoagulants may potentially offer a safer

CONCLUSIONS

and simpler periprocedural management strategy
than warfarin (50). In the RE-LY trial, 46% of pa-

Periprocedural anticoagulation management is a

tients treated with dabigatran were able to have their

common clinical dilemma with limited evidence (but

procedure

within 48 h of stopping the drug,

1 notable randomized trial) to guide our practices.

compared with only 11% of patients treated with

Although bridging anticoagulation may be necessary

warfarin (48).

for those patients at highest risk for TE, for most pa-

Experience is rapidly accumulating for the peri-

tients it produces excessive bleeding, longer length of

procedural use of NOACs. However, further studies

hospital stay, and other signiﬁcant morbidities, while

and clinical experience are needed. It is unclear if

providing no clear prevention of TE. Unfortunately,

uninterrupted NOAC therapy is appropriate during

contemporary clinical practice, as noted in physician

even low bleeding-risk procedures. It is also unclear

surveys, continues to favor interruption of OAC and

how soon after a procedure a NOAC can safely be

the use of bridging anticoagulation. While awaiting

restarted (47).

the results of additional randomized trials, physicians

Clinical

dilemmas

may

should carefully reconsider the practice of routine

become less challenging as novel reversal agents are

bridging and whether periprocedural anticoagulation

made

interruption is even necessary.

available

in

presented
the

future.

by
A

NOACs
recent,

non-

randomized cohort study showed that idarucizumab
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Abstract Warfarin is a commonly used oral anticoagulant,
and has well-established clinical efficacy. However, it has a
narrow therapeutic window, and a mode-of-action affected
by inter-individual differences and environmental factors.
The effectiveness and safety of warfarin are closely related to
maintenance of the international normalized ratio (INR)
within therapeutic range. A supra-therapeutic INR puts
patients at risk of bleeding, whereas a sub-therapeutic INR
may not protect against thromboembolic complications.
Research suggests a lack of anticoagulation control during
warfarin therapy in different settings. Careful monitoring of
the INR is essential, especially in geriatric or cancer populations who are at an increased risk of major hemorrhage.
Warfarin is an effective treatment but optimization of the
risk-benefit ratio is crucial in order to maximize efficacy and
safety. Here, we will assess the extent to which INRs are an
issue in the management of warfarin therapy, and the effect
INRs may have on clinical outcomes.
Keywords Anticoagulant  International normalized
ratio  Thrombosis  Warfarin
Introduction
Oral anticoagulant (OAC) therapy is indicated for the
primary and secondary prevention of venous thromboembolism (VTE), for the prevention of embolism in patients
with atrial fibrillation (AF) or prosthetic heart valves, for

the primary prevention of acute myocardial infarction (MI)
in patients with peripheral arterial disease, and for the
prevention of stroke, recurrent infarction, or death in
patients with acute MI [1]. The vitamin K antagonist,
warfarin, has been the most frequently prescribed OAC to
date, having been in use for more than 50 years.
The clinical efficacy of warfarin in the treatment of a
variety of disease conditions is well established. For
example, in the indication of stroke a pooled analysis of
five randomized controlled trials reported warfarin to lower
all-cause mortality by 33% (95% confidence interval (CI),
9–51), and the combined outcome of stroke, systemic
embolism and death by 48% (95% CI, 34–60) [2]. However, warfarin is associated with a number of adverse drug
reactions, the most common of which is bleeding [3].
Optimizing the risk-benefit ratio is, therefore, essential
when treating patients with this agent. The therapeutic
benefits of warfarin are highly dependent on maintaining
the international normalized ratio (INR; a measure of
warfarin anticoagulation intensity in vivo) in the therapeutic range, such that careful monitoring and dose
management are required to avoid adverse events (AEs)
[1]. The optimal balance between AEs and efficacy is
usually achieved with an INR of 2.0–3.0.
This review will examine the current literature to assess
the extent to which INRs outside the therapeutic range are
an issue in the management of warfarin therapy, and the
potential impact this has on clinical outcomes.

Mode of action: impact on clinical management
G. J. Merli (&)  G. Tzanis
Jefferson Center for Vascular Diseases, Jefferson Medical
College, Thomas Jefferson University Hospital, Philadelphia,
PA 19107, USA
e-mail: Geno.Merli@jefferson.edu

Warfarin is difficult to use in clinical practice because of its
narrow therapeutic range (Fig. 1) [4]. There is also considerable inter-individual variability in dose response, a
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Fig. 1 Adjusted odds ratios for ischemic stroke and intracranial
bleeding in relation to intensity of anticoagulation, in randomized
trials of antithrombotic therapy with atrial fibrillation. Data from
Hylek et al. [4]. Reprinted with permission from ACC/AHA/ESC
2006 Guidelines for the Management of Patients With Atrial
Fibrillation: A report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines and
the European Society of Cardiology Committee for Practice Guidelines (Writing Committee to Revise the 2001 Guidelines for the
Management of Patients with Atrial Fibrillation). Circulation 2006
114:e257–e354.Ó2006, American Heart Association, Inc

problem compounded by its sequential effect on the clotting factors II, VII, IX, and X If the INR is sub-therapeutic,
there may be insufficient protection against thromboembolic complications, whereas a supra-therapeutic INR can
put the patient at risk of bleeding events [1].
The level of anticoagulation, or INR, is affected by a
number of genetic and environmental factors (Table 1) [1].
These include predisposing factors associated with the
patient, such as age, impaired gastrointestinal absorption,
liver dysfunction, exposing factors (such as the reported
[200 potential drug and food interactions [5]), and genetic
variations. As a matter of fact, recent models for stable
maintenance dose of warfarin also incorporate genetic factors. Polymorphisms of cytocrome P450 (e.g. CYP 2C9) and
vitamin K (e.g. 2,3 epoxide reductase complex, subunit 1)

explained 56% of the individual variability in warfarin dose
in 431 subjects used for the evaluation [6]. Genotype testing
identifies individuals who may be especially sensitive, or
more resistant to the anticoagulant effect of warfarin. With
respect to clinical outcomes, such as bleeding and thrombosis, the net effect of taking genotype into account when
considering initial or maintenance doses, or including it in
dose prediction models (that account for age, initial INR
response, sex, concomitant medications, weight, and other
factors) is unknown. Patients managed with frequent INR
monitoring and careful dose adjustments, may still experience bleeding complications while taking warfarin.
Whether, in a population of patients who are carefully
monitored, the risk of early bleeding complications can be
reduced by the addition of genotype testing is not known.
Therefore, the narrow therapeutic range associated with
warfarin, and the strong association between INR and AEs
have resulted in regular INR monitoring and dose adjustments, to maintain patients within the therapeutic range.

Supra- or sub-therapeutic INRs: the extent
of the problem
As a result of the many factors that can influence INR, a
large variability in anticoagulation control would be
expected. A recent systematic review of patients receiving
therapy with OACs provides evidence for this variability
[7]. Here, the authors identified 67 randomized or cohort
studies that measured INRs in 123 patient groups, and a
total of 50,208 patients in all settings (anticoagulation
clinics, clinical trials, and community practices). Overall,
patients were found to be therapeutic for 63.6% of the time,
indicating that on average patients spent a third of their
time outside the therapeutic range. This was confirmed in a
recent study of 614 hospitalized patients with AF [8].

Table 1 Factors affecting a patient’s international normalized ratio response to warfarin
Drug-related

Patient medical
characteristics

Patient capabilities or
preference

Interacting medication (e.g. NSAIDS, aspirin)

Age

Inability to adhere to restrictions (dietary,
drug, alcohol, etc.)

Dietary vitamin K intake

Genetic (CYP2C9 alleles)

Poor compliance with medication

Herbal supplements

Acute diarrheal illness

Dosing errors

Alcohol

Renal impairment

Discomfort or inconvenience of frequent venipuncture
(if point-of-care testing not available)

Hepatic dysfunction
Impaired gastrointestinal absorption
Malignancy
NSAIDS, non-steroidal anti-inflammatory drugs
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Community practice
Lack of anticoagulation control during warfarin therapy has
been shown in the community practice setting [7, 9–11]. For
example, an assessment of anticoagulation control in
ambulatory patients with AF in two US communities
(n = 660), found that only 34.7% of eligible patients
received warfarin, of which INR values were within therapeutic range less than half the time [9]. Patients receiving
warfarin therapy from routine medical care or community
practices are reported to have lower quality anticoagulation
control, compared with patients from anticoagulation clinics
or clinical trials, with a significantly reduced proportion of
time spent in the target INR range for each patient [7, 10, 11].
Patient nonadherence may also contribute to the problem
of out-of-range INRs, and is likely to be emphasized in
ambulatory or community-based patients. Lack of patient
compliance to warfarin therapy has been associated with
non-therapeutic INRs in real-world practices at anticoagulation clinics [12] and in the hospital setting [13]. Data from
an urban hospital (including 347 warfarin recipients yielding
4,305 INRs) reported nonadherence to be the most common
cause of explainable out-of-range INRs (36%) [13].
Randomized trials

295

Walraven et al. systematic review, the percentage of time
spent in the therapeutic range decreased by 12.2%
(P \ 0.0001) in studies in which patients were monitored
by their community physician compared with randomized
trials [7]. This is concluded to be clinically important as it
exceeds the minimal important difference [16], which is
used for sample size calculations in randomized trials that
have the percentage of time spent in the therapeutic range
as a primary outcome [7]. Also, this could help to explain
some of the inconsistent results for OAC efficacy reported
in the literature, between randomized trials and community
patient populations [17, 18]. In the AF literature, OAC
therapy demonstrated a 68% reduction in risk for stroke.
Despite this benefit, only 15–44% of patients receive this
therapy [19–21]. The reasons for the underuse of warfarin
therapy are multifactorial with patient, physician, and
health care system related issues, but the over-riding perception that OAC treatment carries a significant risk for
major hemorrhage is the most important.

Impact of supra-therapeutic INRs: bleeding
complications

Even in clinical trials, which are tightly controlled for
monitoring and dose adjustment, time spent in therapeutic
range has been found to be suboptimal for a significant
proportion of patients [7, 14, 15]. For example, in 4,454
patients who received OACs for MI, AF, or a prosthetic
heart valve, the clinical endpoints of thromboembolism and
major bleeding were strongly related to individual time
within INR target range (ITTR). The mean ITTR was 42%
in patients with AF, despite intensive monitoring and dose
adjustment [15]. Poor anticoagulation quality was also
reported for the OAC phenprocoumon. In a study of 248
patients randomized to OAC treatment during and following cardioversion for non-valvular AF, and despite
careful dose adjustment, the INR was outside the therapeutic range in almost 70% of total measurements, and
80% of primary endpoints (cerebral-ischemic events, systemic thromboembolism, death from any cause, and major
bleeding) [14]. This is supported by the van Walraven et al.
systematic review, where analysis of nine randomized
controlled trials showed that patients spent on average a
third of time outside the target INR target [7].

The major complication of OAC therapy is bleeding. Major
bleeding during treatment with warfarin is an important
determinant of the risk-benefit ratio of therapy, and thus
crucial in the decision to initiate or continue treatment [1].
Clinical trial data indicate that the intensity of warfarin
therapy is the most important factor for hemorrhage from
any site. Additionally, there is a strong relationship
between the intensity of OAC therapy and the risk of
bleeding reported in patients with deep vein thrombosis,
ischemic stroke, and AF [22].
A number of studies have found that elevated INRs
above therapeutic level are associated with an increase in
bleeding complications (Table 2) [4, 8, 23–26]. Palareti
et al. found that in a prospective cohort of 2,745 patients
from 34 anticoagulation clinics in Italy, the incidence of
bleeding events associated with OAC use increased fourfold with INRs greater than 4.5 [26]. A study of warfarinrelated bleeding in 233 hospital patients found that INRs
were above target range in all patients who experienced a
bleeding complication, but the elevation was only small
with a median INR at the onset of bleeding of 3.75.
Bleeding contributed significantly to, or was the main
cause of death in nine patients [24].

Generalization of OAC data

Bleeding and thrombotic complications

Findings, such as those discussed above, have a significant
impact on the generalization of OAC clinical trial data to
real world clinical practice. For example, in the van

Interestingly, Poli et al. reported excessive coumarin anticoagulation to be a risk factor for bleeding and thrombotic
complications in 1,068 patients attending an anticoagulation
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Table 2 Anticoagulation and rates of bleeding in clinical studies
Study

No. of patients

INR

Bleeding ratea

Hylek et al. [4]

13,559

[4.5

OR 9.4 (95% CI, 5.2–16.9)

Sarawate et al. [8]

614

[3

OR 1.72 (95% CI, 1.02–2.90)

Tapson et al. [23]

1,749

[4

0.8% (major) and 6.9% (minor)

Kucher et al. [24]

b

233

3.75

20.2–33.3% (major)

Poli et al. [25]

1,068

[7 vs. \7

RR 6.1 (95% CI 3.7–9.6; P = 0.0000)

Palareti et al. [26]

2,745

C4.5 vs. \4.5

RR 7.91 (95% CI, 5.44–11.5; P \ 0.0001)

CI, confidence interval; INR, international normalized ratio; OR, odds ratio; RR, relative risk
Bleeding definitions were different among studies

a

b

All patients had warfarin-related bleeding

clinic [25]. Moreover, increased events rates were seen with
just one elevation in INR and not time-related to the episode
of over-anticoagulation. This is surprising since one would
expect over-anticoagulated patients to be at increased risk of
hemorrhage, and not of thrombotic events. Although the
authors do not suggest a mechanism nor have they recorded
the INR at the time of the events, they propose that excessive
anticoagulation is more a general marker of the instability of
anticoagulation [25].

be noted that no plasma prothrombin complex concentrate
has received FDA approval for reversal of elevated INR or
warfarin-related bleeding. In addition, the evidence supporting this recommendation is based on small case series
studies, and has recently been questioned [29].

Bleeding and mortality

Sub-therapeutic INRs are associated with thromboembolic
complications in patients on OAC (Table 3) [4, 8, 11, 14,
15, 30]. Patients on OAC for a variety of indications with a
mean INR below the therapeutic range (INR \ 2.0) have
shown a significantly higher risk (3.31 times) of a major
thromboembolic complication [31]. A sub-therapeutic INR
also been linked with an increased risk of stroke. A large
cohort study of 13,559 patients with non-valvular AF with
associated INRs of less than 2.0 showed that they had an
increased risk of stroke compared with patients whose INR
was within the therapeutic range (P = 0.03). An association was seen not just with the frequency of stroke, but also
with the severity, and risk of death [4].
The importance of adequate anticoagulation, in terms of
both intensity and duration, has been shown in patients
undergoing rate control or rhythm control for AF [32, 33].
The Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) study reported that over 70% of
ischemic strokes occurred after discontinuation of warfarin
therapy, or when the INR was sub-therapeutic [32].
These results were confirmed in a study of 2,223
patients with non-valvular AF treated with warfarin. A total
of 32.1% of time was spent outside the INR target range.
A 10% increase in the time spent outside the target INR
range was associated with a 29% increase in the risk of
mortality (P \ 0.001), 10% increase of ischemic stroke
(P = 0.006), and a 12% increase in all thromboembolic
events (P \ 0.001) [30]. Specifically, an INR of less than
2.0 was related to an increased risk of ischemic stroke

Bleeding complications associated with the use of warfarin
have also been related to mortality [27, 28]. A meta-analysis of 33 studies in patients with VTE who received OAC
therapy for at least 3 months, demonstrated an overall casefatality rate of 13.4% (37 fatal bleeds out of 276 major
bleeds; 95% CI, 9.4–17.4) attributable to anticoagulationrelated major bleeding [28]. Furthermore, a large medical
linkage study of over 42,000 patients concluded that allcause mortality was strongly related to INR, with an
increase of 1 INR unit above 2.5 doubling the risk of death
from cerebral bleeding and from any cause [27]. Intracranial hemorrhages are the most feared complication of
vitamin K antagonist treatment. A tight control of blood
pressure in patients, especially elderly patients, receiving
vitamin K antagonist-based anticoagulation is crucial to
reduce the occurrence of intracranial hemorrhage.
The risk of OAC-related bleeding and its associated
mortality could influence a clinician’s decision regarding
the duration and intensity of treatment in individual
patients. Patients taking warfarin who experience OACrelated bleeding, or are excessively anticoagulated, or both,
require reversal of the anticoagulant effect. When urgent
reversal is needed, fresh frozen plasma, plasma prothrombin
complex concentrates (PCC) or, in special circumstances,
recombinant factor VIIa, in conjunction with vitamin K,
can be used [1], although this latter therapy is not Food and
Drug Administration (FDA) approved. However, it should
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Table 3 Time spent in the therapeutic range and outcomes
Study

No. of patients

Target INR

Indication

TTR

Events

Hylek et al. [4]

13,559

\1.5

AF

NS

S

Incidence of events
Overall population

2.6–3.0
Sarawate et al. [8]

614

OR 7.7 (95% CI, 5.7–10.4)
OR 0.9 (95% CI, 0.6–0.9)

2–3

AF

28.6%

S

OR 1.68 (95% CI, 1.04–2.73)

Witt et al. [11]a

6645

2–3.5

AF/S/VTE

55.2% (UC)

VTE

3.0%

Veeger et al. [15]

2,614

2.5–3.5

AF

42%

Jones et al. [30]

2,223

2–3

AF

68%

63.5% (CCPS)

1.2%
VTE

OR 1.7 (95% CI, 1.2–2.3)b

S

OR 1.10, P = 0.006*

VTE

OR 1.12, P \ 0.001
Out-of-range population

Schmidt-Lucke et al. [14]

248

2–3

AF

30%

VTE/D/B

80%

AF, atrial fibrillation; B, bleeding; CCPS, Centralized Clinical Pharmacy Anticoagulation Service; CI, confidence interval; D, death; INR,
international normalized ratio; NS, not specified; OR, odds ratio; S, stroke; TTR, time spent in the therapeutic range; UC, usual care; VTE,
venous thromboembolism
a

The study compared UC with CCPS

b

Per 100 person-years

* Corresponding to a 10% decrease in the TTR

(P \ 0.001), and all thromboembolic events (P \ 0.001),
whereas both sub- (INR \ 2.0) and supra-therapeutic
(INR [ 3.0) levels were significantly associated with allcause mortality (P \ 0.001). The authors concluded that
good anticoagulation control was difficult to achieve and
maintain, with suboptimal INRs associated with poor
clinical outcomes, even in a well-controlled population.
They suggested that new measures to improve maintenance
anticoagulation are needed [30].
Recurrence
In addition to primary embolic events, poor quality of anticoagulant control in the first 3 months after an acute
unprovoked VTE is shown to be a risk factor for late recurrence [34]. Subjects experiencing recurrence of VTE in
the 21-month follow-up after OAC therapy interruption
(42/297) spent more time at sub-therapeutic INR levels
(INR \ 1.5; P \ 0.009) and less time within the therapeutic
range (P \ 0.0093) during therapy, compared with those
patients who did not experience a recurrent event [34].

Examples of problematic management: patients
with cancer and the elderly
Patients with cancer represent a problematic group when it
comes to anticoagulation as they have a substantial risk of
thromboembolic complications and an increased risk of
major bleeding. Prandoni et al. reported that patients with
cancer and VTE were four-times more likely to develop

recurrent thromboembolic complications and major
bleeding during anticoagulant treatment, than those without
a malignancy [35]. Recurrent VTE occurred in more than 1
in six patients with cancer, and translated to an on-treatment cumulative incidence of 20% after 1 year. This was
despite the fact that for 75.7% of patients, the quality of
OAC treatment was considered high (70% of INRs in
therapeutic range). This led the investigators to conclude
that possibilities for improvement, using the current paradigm of anticoagulation, seem limited and new treatment
strategies should be developed [35].
The importance of maintaining the INR within the target
range is emphasized in the cancer population, yet poor
anticoagulation control persists. Lee et al. found that for 336
patients with cancer being treated with OAC therapy for
6 months for the prevention of recurrent VTE, INRs were
within the target therapeutic range less than 50% of the time
[36]. The probability of recurrent VTE at 6 months was 17%
[36]. This confirms results from an earlier study reporting
poor control and difficulties in OAC management in patients
with cancer [37]. For the 108 consecutive patients enrolled,
therapeutic INRs were found to be more difficult to sustain in
patients with cancer, compared with those without cancer,
with INRs more frequently out-of-range (57% vs. 43%,
respectively; P \ 0.0001), and a non-significant trend
toward more frequent monitoring (P = 0.14) [37].
Problematic management of warfarin is also highlighted in the elderly patient population. As a result of an
increased sensitivity to warfarin in the elderly, there is
often a need for reduced dosing, both during treatment
initiation [38] and maintenance [39]. The elderly are at
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high-risk of over-anticoagulation (and thus bleeding), and
take longer to return to safe INR levels when supratherapeutic [39]. In addition to an age-related reduction in
warfarin tolerance, management of OAC therapy may be
further complicated in older patients by polypharmacy
and multiple co-morbidities, such as cancer.

Summary
Out-of-range INR levels are a serious consideration in the
management of patients on OAC therapy. Data suggest that
for those patients being treated with OAC therapy, a significant proportion of time is spent outside of the
therapeutic range, with potential adverse consequences.
While mildly elevated INRs above the target range can
cause bleeding, INRs below the target range can increase
the risk of thromboembolic events. Populations most
at-risk of bleeding complications, such as the elderly and
patients with cancer, gain the most benefit from adequate
coagulation because of their substantially increased
thrombotic risk. The main question to consider is whether
the benefit of therapy outweighs the risk of bleeding. In
addition, research suggests that the treatment setting is an
influential factor, with time spent outside the target INR
being more common in the community setting, compared
with anticoagulation clinics or randomized trials. More
research is needed to determine how anticoagulation
control in the community can be improved.

Conclusion
Treatment with warfarin requires a constant balancing
between under and over anticoagulation. Dose management is essential to achieve and maintain therapeutic
efficacy. Although warfarin is considered an effective
anticoagulant; care must be taken in its management to
improve the risk-benefit ratio. Ongoing investigations are
focused on the efficacy and safety of novel anticoagulant
agents. A significant impact on outcomes and adverse
events may be expected from these new agents, if they can
bring at least equivalent efficacy with a less variable dose
response.
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V

enous thromboembolism, presenting as
deep vein thrombosis (DVT) or pulmonary embolism, affects over 35 000
Canadians each year. 1 It is associated with
substantial morbidity, mortality and burden on
the Canadian health care system, with onemonth mortality rates estimated at 6% for DVT
and 12% for pulmonary embolism.1
Iliofemoral DVT is defined as thrombus
involving the iliac and/or common femoral veins,
with or without extension to the inferior vena
cava; it represents about one-quarter of all cases
of DVT.2,3 The natural history of iliofemoral
DVT is associated with a higher risk of adverse
outcomes relative to femoropopliteal or distal
DVT, with examples of such outcomes including
severe leg pain and swelling, limb ischemia and
increased risk of recurrent venous thromboem
bolism and post-thrombotic syndrome.4,5
The poor outcomes observed in patients with
iliofemoral DVT treated with standard anticoagulant therapy have led to exploration of alternative
therapeutic options. Trials of strategies to reduce
or remove thrombi, such as systemic thrombolysis,6,7 catheter-directed thrombolysis8 and surgical
thrombectomy,9–11 have resulted in improved
long-term vessel patency and reduced postthrombotic syndrome relative to anticoagulation
alone. However, these procedures are not uniformly available, are resource intensive and have
their own potential complications.

Methods

Competing interests:
See end of article.

This consensus guideline provides recommendations on the diagnosis and management of iliofemoral DVT, including the use of anticoagulation, thrombus removal strategies and inferior
vena cava filters, as well as the treatment of postthrombotic syndrome.
We developed the guideline recommendations by rating the importance of outcomes and
the confidence of effect estimates and using
grading mechanisms in accordance with methods proposed in the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) system.12–16 We applied the American Heart Association clinical practice methodology17 (Box 1) to classify the recommendations and levels of evidence and translated these
to the corresponding GRADE strengths of recommendations and confidence in effect estimates (Box 2).17–20 We applied the Appraisal of
Guidelines for Research and Evaluation
(AGREE II) appraisal tools for clinical practice
guidelines.21,22
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Key points
•

Ultrasonography is the diagnostic imaging modality of choice for
patients with suspected deep vein thrombosis (DVT).

•

Systemic anticoagulation is indicated for all patients with iliofemoral
DVT, although the appropriate type of anticoagulant depends on
patient- and treatment-related factors.

Scope

•

Retrievable inferior vena cava filters should be considered for patients
with iliofemoral DVT who have a contraindication to anticoagulation
and who have scheduled follow-up.

This guideline is intended to assist Canadian primary care physicians in the assessment and management of patients with iliofemoral DVT. We
include guidance as to which patients may benefit from early triage and transfer to tertiary care
institutions for clot removal and reduction, a critical aspect in the management of this condition.

•

For all patients with phlegmasia cerulea dolens, endovascular or
surgical clot removal is required, whereas select patients with
iliofemoral DVT are candidates for endovascular thrombus removal to
prevent sequelae of post-thrombotic syndrome.

•

Compression therapy may be considered for the treatment of
established post-thrombotic syndrome, but it is unlikely to prevent
development of the syndrome.

©2015 8872147 Canada Inc. or its licensors
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Panel composition
A multidisciplinary working group of 13 members, assembled under the auspices of the University of British Columbia Departments of Radiology and Internal Medicine, consisted of five
hematologists (E.P., L.Z., M.D., O.M., P.Y.),
three vascular surgeons (J.D., J.G., R.G.), three
radiologists (D.L., M.B., J.W.) and two primary
care physicians working in the emergency department and outpatient settings (C.K.S., G.G.).
Management of conflicts of interest
Panel members disclosed financial and intellectual conflicts of interest. Each potential conflict
of interest was evaluated to determine whether it
would preclude participation. During this process, no relevant conflicts of interest were identified, and all members fully participated.
Development of recommendations
Content experts on the panel participated in a
series of teleconferences and email correspondence to determine the scope and topics to be
addressed by the guideline. At the outset of the
guideline development process, the working
group identified outcomes deemed important to
patients. For each of these topics, we searched
the literature via the PubMed, Embase and
MEDLINE databases through October 2012,
with updating of database searches until publication of the guideline in September 2015. The
search was limited to studies conducted in
humans and published in English. Topics were
divided among the panel members, and within
each category, members identified relevant existing guidelines and systematic reviews for each
topic. We performed more extensive literature
reviews for topics for which no guideline or systematic review existed or for which such materials were published two or more years before the
start of the guideline development process.
Box 1: Classification of recommendations*
Class I: Benefit >>> risk
Procedure or treatment should be performed or administered
Class IIa: Benefit >> risk
Additional studies with focused objectives are needed; it is reasonable to
perform the procedure or administer the treatment
Class IIb: Benefit ≥ risk
Additional studies with broad objectives are needed, and additional registry
data would be helpful; procedure or treatment may be considered
Class III: No benefit OR Class III: Harm
Procedure or treatment should not be performed or administered because
it is not helpful and may be harmful
*For details of the classification of recommendations (in relation to levels of evidence), see
Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.141614/-/DC1.
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Members proposed consensus statements with
associated summaries of the evidence, and consensus was achieved using a modified Delphi
consensus panel format.23

Recommendations
The recommendations are summarized in Box 2,
and a decision algorithm is provided in Figure 1.
Diagnosis of iliofemoral DVT
The approach to the diagnosis of suspected iliofemoral DVT is well established. It involves a
combination of assessment of clinical pretest
probability (e.g., Well scoring system for DVT
and pulmonary embolism), d-dimer testing and
Doppler ultrasonography24,25 and does not differ
from the approach used for all patients with suspected DVT.24 However, patients with iliofemoral DVT are at risk of limb ischemia, and it is
therefore critical that the initial history and physical examination rule out phlegmasia cerulea
dolens, a condition associated with high rates of
amputation and death.26 Symptoms and signs
suggestive of phlegmasia cerulea dolens, including severe pain, massive edema, cyanosis, pulse
deficit, skin bullae and overt gangrene, should be
assessed in all patients with suspected DVT.2
Ultrasonography is the imaging modality of
choice for suspected cases of DVT. Although
ultrasonography is highly accurate (sensitivity
95%, specificity 96%) for the diagnosis of proximal DVT,27 it may be difficult to use this type of
imaging to assess the iliac veins or inferior vena
cava because of excess bowel gas, large body
habitus, in situ inferior vena cava filter, postsurgical abdomen or acute abdomen. In patients with
severe symptoms and a high clinical suspicion of
iliofemoral DVT, contrast-enhanced computed
tomography or magnetic resonance venography
may be considered.25
Management of iliofemoral DVT
Anticoagulation
Patients with iliofemoral DVT require anticoagulation similar to that administered to patients with
less extensive proximal DVT. Unfractionated
heparin by intravenous administration is preferred
as the initial anticoagulant for patients who are
being considered for thrombus removal strategies,
because of its short half-life, which is of benefit
where there is potential for both an invasive procedure and exposure to thrombolytic agents.2
Patients without cancer
For patients without cancer, traditional management of acute DVT involves a rapid-acting paren-
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Box 2: Summary of recommendations for the diagnosis and management of iliofemoral DVT*
1. Diagnosis
1.1 Initial choice of tests is indicated by the clinical pretest likelihood of DVT (IIa, A, weak, high).
1.2 All patients with suspected iliofemoral DVT should be screened for phlegmasia cerulea dolens (I, C, strong, low).
1.3 Ultrasonography should be the primary imaging modality for initial diagnosis. This modality may be limited in the assessment
of central iliac and caval thrombosis (I, A, strong, high).
1.4 Secondary tests (CT or MR venography) are reasonable for cases in which the results of initial diagnostic tests are equivocal or
nondiagnostic and there is a high pretest likelihood of DVT (IIa, B, weak, moderate).
2. Anticoagulation
2.1 In the acute care setting, all patients should receive anticoagulant therapy for a minimum of 3 months (I, A, strong, high).
2.2 Patients with acute iliofemoral DVT and without cancer should receive initial anticoagulation with parenteral anticoagulants
and transition to warfarin (I, A, strong, high).
2.3 For patients with acute iliofemoral DVT and without cancer, treatment with the following alternative regimens may be initiated:
low-molecular weight heparin, with switch after 1 week to dabigatran; rivaroxaban; or apixaban (I, B, strong, moderate).
2.4 For patients with acute iliofemoral DVT and cancer, low-molecular-weight heparin is suggested (I, B, strong, moderate).
2.5 Patients with acute iliofemoral DVT being considered for or undergoing clot removal may receive initial anticoagulation with
a reversible parenteral anticoagulant (intravenous unfractionated heparin) (IIb, C, weak, low).
3. Use of IVC filters
3.1 Insertion of an IVC filter should be considered for patients with acute iliofemoral DVT and a contraindication to systemic
anticoagulation (I, C, strong, low).
3.2 Patients with optional recovery (removable) IVC filters should undergo attempted filter removal as soon as the indications for
placement are no longer present (I, C, strong, low).
3.3 An optional recovery (removable) IVC filter may remain permanent if the risks of retrieval outweigh the risks of long-term
filter use (IIb, C, weak, low).
4. Clot removal: surgical intervention
4.1.a Patients with phlegmasia cerulea dolens should undergo urgent surgical thrombectomy (IIa, C, weak, low).
4.1.b Alternatively, patients with phlegmasia cerulea dolens should undergo endovascular thrombus removal (IIb, C, weak, low).
4.2 Among patients with iliofemoral DVT but without phlegmasia cerulea dolens, open surgical venous thrombectomy may be
reasonable for selected patients who are candidates for thrombus removal but have contraindications to thrombolytic therapy
(IIb, C, weak, low).
5. Clot removal: systemic thrombolysis
5.1 Systemic thrombolysis is not recommended for patients with iliofemoral DVT (III, B, strong, moderate).
6. Clot removal: endovenous techniques
6.1 Clot removal by endovenous techniques may be considered for patients with symptomatic acute iliofemoral DVT to prevent or
reduce post-thrombotic syndrome, ideally for patients with onset of symptoms within 21 days, good functional status,
reasonable life expectancy and low risk of bleeding (IIb, B, weak, moderate).
6.2 Endovenous techniques may be reasonable as first-line therapy for early thrombus removal (IIb, C, weak, low).
7. Use of venous stenting
7.1 At the time of clot removal, stenting of the iliac venous system, with self-expanding metallic stents, may be considered in
cases of clinically significant stenosis or extrinsic compression (IIb, C, weak, low).
7.2 Stenting of the infrainguinal veins is not recommended (III, C, weak, low).
8. Management of post-thrombotic syndrome
8.1 Use of class II (30–40 mm Hg) below-knee elastic compression stockings may begin as soon as possible following initiation of
anticoagulant therapy and continue for a minimum of 2 years (IIb, A, weak, high).
8.2 Patients with prior iliofemoral DVT and symptomatic post-thrombotic syndrome may consider the use of class II compression
stockings (IIb, B, weak, moderate).
8.3 Patients with prior iliofemoral DVT and symptomatic post-thrombotic syndrome, despite use of elastic compression stockings,
may consider the use of intermittent pneumatic compression devices (IIb, B, weak, moderate).
9. Patient follow-up
9.1 Patients receiving extended anticoagulant therapy should undergo periodic medical review to reassess the risks and benefits
of continuing the therapy (I, C, strong, low).
9.2 Documentation and longitudinal follow-up are recommended for all patients who receive optional recovery IVC filters (I, B,
strong, moderate).
Note: AHA = American Heart Association; CT = computed tomography; DVT = deep vein thrombosis; GRADE = Grading of Recommendations Assessment,
Development and Evaluation; IVC = inferior vena cava; MR = magnetic resonance.
*In parentheses after each recommendation are shown the class of recommendation and the level of evidence (Roman numeral and letter, respectively, both according
to AHA classification; for details, see Box 1 and Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.141614/-/DC1, and the articles by Jacobs and
associates17 and Jaff and colleagues18), followed by the strength of the recommendation and the confidence in the effect estimate (both according to the GRADE
classification). The quality of the evidence can be graded as high, moderate, low or very low, according to confidence in the effect estimate, taking into account study
design, risk of bias, inconsistency and imprecision of results, and indirectness of evidence (see Brozek and colleagues19 for details). A strong recommendation implies that
most patients should receive the recommended treatment, whereas a conditional (weak) recommendation implies that different choices will be appropriate for
different patients, with the management decision being made in concert with the patient’s values and preferences (see Brozek and associates20 for details).
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teral agent (unfractionated heparin, low-molecularweight heparin or fondaparinux) with bridging to
warfarin (for information on anticoagulant options

and dosing, see Appendix 2, available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj.141614/-/
DC1). Because warfarin takes four to five days to

Proximal DVT diagnosed

Is iliofemoral DVT present?

No

Yes

Are there contraindications to
anticoagulation?

Yes

High clinical suspicion of
iliofemoral DVT

No

Retrievable IVC filter

Acute anticoagulation
management*
• UFH (IV)
• LMWH
• Fondaparinux
• Rivaroxiban
• Apixaban

Contraindication to
anticoagulation
resolved

Consider secondary
diagnostic tests:
• Conventional
venography
• CT venography
• MR venography

Remove IVC filter
DVT diagnosed
Clot removal:
Surgical thrombectomy or
catheter-directed thrombolysis

Yes

Assess for severe disease
or phlegmasia cerulea
dolens

No

•
Consider catheter-directed thrombolysis
• Onset of symptoms within 21 d
• Good functional status
• Reasonable life expectancy
• Low risk of bleeding
• Local expertise available

•
•
•
•

Long-term
anticoagulation
LMWH
VKAs
Rivaroxaban
Apixaban

3-mo course of
anticoagulation
DVT with surgical or
nonsurgical
transient provoking
factor

Extended
anticoagulation
• CAT
• Unprovoked DVT

Figure 1: Algorithm for the diagnosis and management of iliofemoral deep vein thrombosis (DVT). In the absence of severe symptoms,
catheter-directed thrombolysis may be considered in selected patients with iliofemoral DVT (dotted line). CAT = cancer-associated
thromboembolic disease, CT = computed tomography, IV = intravenous, IVC = inferior vena cava, LMWH = low-molecular-weight heparin, MR = magnetic resonance, UFH = unfractionated heparin, VKA = vitamin K antagonist.
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reach peak anticoagulant effect, a minimum fiveday overlap period with a parenteral anticoagulant
is required. Relative to unfractionated heparin,
low-molecular-weight heparin is associated with
lower rates of recurrent symptomatic venous
thromboembolism (odds ratio [OR] 0.57, 95%
confidence interval [CI] 0.44–0.75) and major
bleeding events (OR 0.50, 95% CI 0.29–0.85).28
Low-molecular-weight heparin and fondaparinux
have similar efficacy and safety.29 Other advantages of low-molecular-weight heparin and
fondaparinux over unfractionated heparin include
their ease of administration, the possibility of outpatient treatment and the lower risk of heparininduced thrombocytopenia.30
Novel oral anticoagulants (rivaroxaban, dabigatran and apixaban) have also been shown to be
effective for the treatment of acute DVT (see
Appendix 2). Studies comparing these agents
with warfarin for management of acute venous
thromboembolism have shown that all three are
non-inferior to warfarin for prevention of recurrent venous thromboembolism (dabigatran, hazard ratio [HR] 1.09, 95% CI 0.76–1.57; rivaroxaban, HR 0.89, 95% CI 0.66–1.19; apixaban, HR
0.84, 95% CI 0.60–1.18).31–35 Both rivaroxaban
and apixaban were associated with significantly
reduced rates of major bleeding relative to conventional therapy (rivaroxaban, HR 0.54, 95%
CI 0.37–0.79; apixaban, HR 0.31, 95% CI 0.17–
0.55), whereas the major bleeding profile of
dabigatran was similar to that of warfarin (HR
0.73, 95% CI 0.48–1.11). Novel oral anticoagulants offer several advantages over warfarin,
including no requirement for laboratory monitoring, use of fixed doses, lack of interactions with
food and limited interactions with other medications. Drawbacks to their use include the lack of
a reversal agent, renal excretion and higher
cost.32,34,35 Rivaroxaban and apixaban are currently approved in Canada for treatment of acute
venous thromboembolism.
Low-molecular-weight heparin and fonda
parinux are excreted through renal metabolism
and should generally be avoided for patients with
severe renal dysfunction (creatinine clearance
< 30 mL/min).29 Rivaroxaban, dabigatran and
apixaban are excreted by both renal and hepatic
pathways and therefore should not be used for
patients with severe renal failure (creatinine clearance < 30 mL/min) or hepatic dysfunction.36
Patients without cancer who have acute DVT
require a minimum treatment period of three
months, after which anticoagulation may be
extended for secondary prophylaxis of venous
thromboembolism in those at high risk of recurrent thrombotic events.36 Higher-risk patients
may include those with unprovoked or recurrent

venous thromboembolism or those with high-risk
thrombophilias, such as antiphospholipid antibody syndrome or deficiency of antithrombin,
protein C or protein S. Referral to a specialist in
venous thromboembolism is appropriate in cases
where the benefit or risk of extended anticoagulation is unclear. Traditionally, vitamin K antagonists have been the agent of choice for these
higher-risk patients, although novel oral anticoagulants (rivaroxaban, apixaban, dabigatran) are
also suitable options.31,37,38
Patients with cancer
In patients with cancer, low-molecular-weight
heparin is the recommended agent for both initial
and long-term management of venous thromboembolism.36,39,40 Vitamin K antagonists are less
effective than low-molecular-weight heparin for
prevention of recurrent venous thromboembolism
(HR for low-molecular-weight heparin 0.47, 95%
CI 0.32–0.71).41 Additional advantages of lowmolecular-weight heparin for this patient group
include lack of interactions with food, no reliance
on oral intake or gastrointestinal absorption, no
requirement for laboratory monitoring and a
shorter half-life, which allows anticoagulation to
be interrupted for procedures or thrombocyto
penia. If low-molecular-weight heparin is
unavailable because of cost or patient preference,
vitamin K antagonists are acceptable alternatives.40 Consensus guidelines generally recommend extended anticoagulation, for as long as the
active cancer persists.39,40 Novel oral anticoagulants have not been formally evaluated in the cancer population, and optimal dosing and drug
interactions have not been defined. Therefore,
these agents should be avoided in the treatment
of cancer-associated DVT.
Inferior vena cava filters
Despite the widespread use of inferior vena cava
filters, robust data on their efficacy and safety are
limited to two randomized controlled trials in
which anticoagulant therapy was administered
concurrently.42–44 Adverse events related to the
use of these filters are increasingly recognized,
although published rates of retrieval are low,
ranging from 11% to 46%.45–50 Given these limitations, expert opinion holds that use of inferior
vena cava filters be restricted to patients with
iliofemoral DVT who have a contraindication to
anticoagulation (such as major bleeding or the
need for urgent surgery).
In patients who receive retrievable or optional
inferior vena cava filters, anticoagulation should
be reinstated and filter retrieval attempted as
soon as the contraindication to anticoagulation
has resolved. All patients should receive regular
CMAJ
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follow-up and assessment of the risk–benefit
ratio of the filter until it has been retrieved or an
informed decision has been made for it to remain
in situ permanently. Inferior vena cava filters
may be made permanent if the risk of retrieval is
thought to outweigh the long-term risks of the
filter remaining in situ or there is a permanent or
long-term contraindication to anticoagulation.51
Clot removal and reduction strategies
The goals of clot removal and reduction strategies
are to normalize venous circulation, preserve
venous valves, preserve the limb and prevent postthrombotic syndrome. Options include endovascular thrombus removal (catheter-directed thrombo
lysis), pharmacomechanical thrombolysis, surgical
thrombectomy and systemic thrombolysis. However, systemic thrombolysis is associated with
inferior efficacy and increased risk of major bleeding compared with the other strategies52 and is not
recommended for treatment of iliofemoral DVT.
Patients with phlegmasia cerulea dolens
Given the rarity of phlegmasia cerulea dolens, no
high-quality data are available to support the use of
clot removal and reduction strategies for patients
with this condition. However, systemic anticoagulation cannot rapidly reverse underlying venous
obstruction or prevent ongoing tissue damage from
ischemia. Therefore, expert opinion and common
sense support the use of endovascular thrombus
removal or surgical thrombectomy in patients with
phlegmasia cerulea dolens, with the goal of reducing the risk of amputation and death.53 If local
expertise in endovascular thrombus removal or surgical thrombectomy is unavailable, transfer to an
institution with experienced personnel is recommended over local systemic thrombolysis.
Patients without phlegmasia cerulea dolens
In patients with iliofemoral DVT without phlegmasia cerulea dolens, early clot removal and
recanalization may reduce the risk of postthrombotic syndrome by improving venous
patency and preserving venous valvular function.
Clot removal strategies should be considered for
patients with a short duration of symptoms (less
than 21 days), good functional status, reasonable
life expectancy and a low risk of bleeding, as the
highest-quality studies of clot removal have been
performed in this population.
Surgical thrombectomy
Evidence for surgical thrombectomy for the treatment of iliofemoral DVT is limited to one small
randomized trial and a meta-analysis of observational studies that suggested improved vein
patency and valve function and fewer symptoms
6
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of post-thrombotic syndrome.9–11,54 The overall
quality of this evidence is low, because of the
observational nature of most included studies, the
use of surrogate outcomes, small numbers of
included patients, high rates of loss to follow-up
(ranging from 0% to 32%) and heterogeneous
definitions of post-thrombotic syndrome.
Drawbacks to the use of surgical thrombectomy include the invasive nature of the intervention, the requirement for general anesthesia and
the potential for surgical complications. Surgical
thrombectomy has not been directly compared
with endovascular thrombus removal, but lowquality evidence suggests that surgical thrombectomy is inferior.54 Because endovascular thrombus removal is less invasive and may yield
superior results, it is generally favoured for acute
clot removal. Surgical thrombectomy may be considered for patients with iliofemoral DVT without
phlegmasia cerulea dolens in whom thrombolytic
therapy is contraindicated or in settings in which
catheter-directed thrombolysis is unavailable.53
Endovascular thrombus removal
Endovascular thrombus removal provides targeted
thrombolytic therapy that reduces the complications associated with systemic administration of
thrombolytics. Multiple observational studies have
shown that endovascular thrombus removal
reduces thrombotic burden, with a risk of major
bleeding of about 8% (range 0% to 24%).2,55 The
CaVenT study, a multicentre, open-label, randomized controlled trial (RCT), has provided the highest-quality evidence.8 The study randomly assigned
209 patients to catheter-directed thrombolysis with
alteplase plus anticoagulation or anticoagulation
alone and showed a 14% absolute risk reduction in
the incidence of post-thrombotic syndrome (41.1%
v. 55.6%, p = 0.047) with 20 bleeding events, 4 of
which were defined as severe.
In the absence of effective therapies to prevent
post-thrombotic syndrome (see “Prevention of
post-thrombotic syndrome,” below), endovascular
thrombus removal remains a promising option,
despite the limitations of currently available evidence. Given that all thrombolytic procedures are
associated with increased bleeding (albeit less pronounced with endovascular strategies), appropriate
patient selection is critical to ensure patient safety
and procedural success. Suitable candidates include
those with acute iliofemoral DVT, symptom duration less than 21 days, a low risk of bleeding, good
functional status and reasonable life expectancy.8
Post-thrombotic syndrome
Iliofemoral DVT is one of the strongest risk factors for post-thrombotic syndrome, the most
common complication of DVT. It occurs in 20%
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to 50% of affected patients and is associated
with decreased quality of life, reduced productivity and higher health care costs.5,56,57 However,
it is often underappreciated by care providers at
the time of presentation because of its late onset,
often 12 to 24 months after the initial DVT.
The signs and symptoms of post-thrombotic
syndrome, which can range from mild to debilitating, include leg pain and cramping with prolonged standing, dependent edema, pruritus, paresthesias, perimalleolar telangiectasias, varicose
veins, erythema, hyperpigmentation, dependent
cyanosis and venous ulcers, as defined in the
Villalta score of the CaVenT study.8,58
Prevention of post-thrombotic syndrome
Initial RCTs of compression therapy for the
prevention of post-thrombotic syndrome in
patients with proximal DVT (including iliofemoral DVT) yielded conflicting results, but were
hindered by lack of a placebo control, small
numbers of patients, single-centre recruitment
and open-label design. 59–62 The recent SOX
trial, a multicentre placebo-controlled RCT of
external compression stockings for the prevention of post-thrombotic syndrome, randomly
assigned patients with a first episode of symptomatic proximal DVT to wear active external
compression stockings or placebo stockings
(without therapeutic compression) daily for
two years.63 There was no difference between
the groups in cumulative incidence of postthrombotic syndrome (14.2% with active external compression stockings v. 12.7% with placebo stockings, p = 0.58), post-thrombotic
syndrome severity or recurrent venous thromboembolism. These results bring into question
whether the use of external compression stockings should be recommended for all patients
with acute symptomatic DVT for the prevention of post-thrombotic syndrome. Drawbacks
of external compression therapy include discomfort, difficulty applying stockings and the
cost of original and replacement stockings. The
only major contraindication to their use is
symptomatic peripheral arterial disease.60
Treatment of post-thrombotic syndrome
There is limited evidence for any effective treatment for established post-thrombotic syndrome.
Therapeutic strategies include conservative management, such as leg elevation or compression (by
external compression stockings or compression
devices), pharmacologic therapy (e.g., rutosides,
horse chestnut) and endovascular interventions
(surgery or venous stenting).57 However, given the
low risk associated with the use of external compression stockings, it is reasonable for patients

with symptomatic post-thrombotic syndrome to
undergo a therapeutic trial of such stockings (30–
40 mm Hg compression at the ankle). Patients can
continue to use the stockings so long as they subjectively experience benefit. For patients who are
symptomatic despite use of external compression
stockings, intermittent pneumatic compression
devices may be considered.64

Implementation
This guideline has been endorsed by the Can
adian Interventional Radiology Association, with
plans for additional dissemination of information
through a series of publications in specialtyspecific journals and case reports. The intention
is to update the guideline in 2017, based on
planned review of interim evidence.

Other guidelines
Guidelines have been published recently by the
American Heart Association (in 2011)18 and the
American College of Chest Physicians (in 2012).36
The American College of Chest Physicians guideline is substantially broader in scope and detail
than the guideline presented here and is more suitable for physicians with expertise in managing
venous thromboembolism. The American Heart
Association guideline is more similar to this Can
adian guideline, but (like the American College of
Chest Physicians guideline) it lacks contemporary
data on novel oral anticoagulants, elastic compression stockings and endovascular clot removal
(such as inclusion of the CaVenT Study8).Regarding clot removal and reduction strategies in cases
where there is clinical equipoise, the American
Heart Association guideline provides a stronger
recommendation for clot removal or reduction
than does the American College of Chest Phys
icians guideline. Neither of these guidelines takes
into account differences in practice and referral
within the socialized health care model, factors
that may necessitate referral to tertiary centres.

Gaps in knowledge
Early RCT data have provided evidence of modest
effect of clot removal strategies for the prevention
of post-thrombotic syndrome. Two large trials
comparing catheter-directed techniques with systemic anticoagulation for treatment of acute DVT
are currently underway (the ATTRACT study,
ClinicalTrials.gov identifier NCT00790335, and
the DUTCH-CAVA study, ClinicalTrials.gov
identifier NCT00970619) and will help to answer
remaining questions about the use of endovascular
thrombus removal for iliofemoral DVT.
CMAJ

7

Guidelines
The use of inferior vena cava filters for the
most common indications has not been subject to
appropriately designed trials, and evidence on
the long-term efficacy and adverse effects of
venous stenting is even more limited. Higherquality data are needed on clinically relevant
outcomes and the potential long-term complications of indwelling filters and venous stents.

Conclusion
Relative to femoropopliteal or distal DVT, iliofemoral DVT carries a higher risk of phlegmasia cerulea dolens, recurrent venous thromboembolism and
post-thrombotic syndrome. Anticoagulant therapy
remains the cornerstone of management, mainly to
prevent recurrent venothromboembolism. However, selected patients with iliofemoral DVT may
benefit from alternative clot-management strategies, such as inferior vena cava filters, compression
therapy, and clot removal or reduction strategies.
Clot removal or reduction strategies are life- and
limb-salvaging for patients with phlegmasia cerulea
dolens, but they also reduce the risk of postthrombotic syndrome in patients without phleg
masia cerulea dolens, particularly if candidate
patients undergo early triage for intervention.
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Summary
Background: Oral anticoagulant therapy with warfarin is essential for the optimal
prophylaxis of thrombosis and embolism in many vascular disorders whose prevalence is high among elderly patients. Elderly Caucasians show increased sensitivity
to oral anticoagulants. Although the Japanese are more sensitive to warfarin therapy than Caucasians, the relationship between age and warfarin dosage in the
Japanese has not been investigated in detail. Here, we investigated this relationship
in Japanese patients.
Methods: The subjects comprised 102 outpatients (28—87 years) who showed a stable anticoagulant effect (prothrombin time expressed in terms of the international
normalized ratio [PT-INR] between 1.6 and 2.6) following long-term warfarin therapy at the Department of Cardiovascular Medicine, National Hospital Organization
Hakodate Hospital. The relationship between age, PT-INR, and daily warfarin dose
was retrospectively investigated.
Results: The mean values of the characteristics of all the patients were as
follows: age, 70.7 (±10.5) years; daily dose of warfarin, 2.68 (±0.95) mg;
PT-INR, 1.99 (±0.24). The PT-INR was not correlated with increasing age.
The daily dosage of warfarin and the dosage adjusted according to the
PT-INR (dose/PT-INR), wherein the lower values indicate a higher sensitivity to warfarin therapy, were signiﬁcantly inversely correlated with age. In
the high PT-INR (PT-INR > 2.1) group, no signiﬁcant difference was observed
between the older and younger patients with regard to any characteristics.
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Conversely, in the low PT-INR (1.6 ≤ PT-INR ≤ 2.1) group, the dose/PT-INR was significantly reduced in the older patients (≥65 years); however, no signiﬁcant difference
was observed in the PT-INR value.
Conclusions: Both age and the controlled PT-INR value are factors responsible for the
increasing sensitivity to warfarin in Japanese patients under optimal anticoagulant
therapy. Since elderly Japanese patients with low PT-INR values are especially sensitive to warfarin, greater caution should be exercised while determining the dosage
schedule in such patients.
© 2009 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights
reserved.

Introduction
Oral anticoagulant therapy with warfarin is essential for the optimal management of many vascular
disorders highly prevalent among elderly patients.
An increased sensitivity to oral anticoagulants has
been observed among elderly Caucasians [1—8],
which means that elderly patients require less
dosage of warfarin than younger patients for optimal anticoagulant therapy. It has been proved
that as compared to Caucasians, the Japanese
have a higher incidence of bleeding at comparable prothrombin times expressed in terms of the
international normalized ratio (PT-INR). Thus, the
Japanese are more sensitive to warfarin therapy
than Caucasians [9]. Therefore, the ‘‘Guidelines
for management of anticoagulant and antiplatelet
therapy in cardiovascular disease’’ in Japan [10]
recommend that the therapeutic range for warfarin
in the Japanese be lower than that in Caucasians.
Although the Japanese are observed to be highly
sensitive to warfarin therapy, the relationship
between the age of the patient and the dosage of
warfarin has not been investigated in detail.
In this study, we investigated the relationship
between age, daily dose of warfarin, and the daily
dose of warfarin adjusted for PT-INR (dose/PT-INR),
wherein the lower values indicate higher sensitivity
to warfarin therapy in each patient. Our results suggest that both aging and controlled PT-INR values
are factors that can increase sensitivity to warfarin
in Japanese patients on optimal anticoagulant therapy.

term warfarin therapy on an outpatient basis at the
Department of Cardiovascular Medicine, National
Hospital Organization (NHO) Hakodate Hospital.
Oral anticoagulation therapy was administered
once daily (morning or evening). The clinical characters of the subjects were as follows.
The patients who take bucolome, a uricosuric
agent, were already excluded from the present
study, since in Japan, bucolome is usually prescribed to increase sensitivity to warfarin therapy
by exploiting the warfarin—bucolome drug interaction [11]. With regard to the frequency with which
typical drugs that are known to affect warfarin
therapy were prescribed (aspirin [61/102], statins
[22/102], and anti-diabetes drugs [17/102]), no signiﬁcant differences were noted in the frequencies
among the groups compared in this research. Further, patients were free from acute medical illness,
and renal and hepatic dysfunction.

Retrospective records
The relationship between age, PT-INR, daily dose
of warfarin, and dose/PT-INR was investigated.
From 2004 through 2005, the clinical records of
the patients at the NHO Hakodate Hospital were
obtained and were retrospectively reviewed. The
average daily warfarin dose and PT-INR were calculated for each patient. Dose/PT-INR was also
calculated by dividing the mean daily dose of warfarin by the mean PT-INR for each patient. A stable
PT-INR value was deﬁned as a value within the target range for that patient (between 1.6 and 2.6).
PT-INR was usually measured once a month.

Methods
Statistical analyses
Subjects
The subjects comprised 102 patients (aged 28—87
years) in whom a stable anticoagulant effect
(1.6 ≤ PT-INR ≤ 2.6) had been achieved under long-

Data were analyzed using SigmaStat 3.5 (Systat
Software, Inc., Richmond, CA, USA). The signiﬁcance of the difference between the means of the
2 groups was assessed using the Student’s t-test
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Figure 1 The distribution of patients according to age and daily dose of warfarin. Daily dose of warfarin (mg) has
been plotted against the age of the patient (years) for all patients. The regression line for the daily dose of warfarin
against age is also shown. The bar graph and the numbers on the right side of the bar indicate the number of patients
for whom each daily dose was prescribed.

and the Mann—Whitney rank sum test. The interrelationship between variables was evaluated using
Pearson product-moment correlation and by linear regression analysis. A non-parametric method
(Spearman rank order correlation) was also used to
conﬁrm the results. p-Values <0.05 were considered
signiﬁcant.

Results
The mean age (±S.D.), the mean daily dose of
warfarin (±S.D.), the mean PT-INR (±S.D.), and
dose/PT-INR (±S.D.) of the study subjects (n = 102)
were 70.7 (±10.5) years (range, 28—87 years),
2.68 (±0.95) mg (range, 1.0—6.0 mg), 1.99 (±0.24)

Table 1

Characteristics of patients receiving warfarin therapy according to the ﬁve age groups.

Characteristics

Age group

Age (years)
Daily dose (mg)
PT-INR
Dose/PT-INR

38.8
3.20
2.02
1.72

<50 (n = 4)

Table 2

(range, 1.60—2.59), and 1.35 (±0.50) mg (range,
0.47—3.30 mg), respectively.
Fig. 1 shows the daily dose of warfarin (mg)
plotted against the age (years) for each patient,
and the regression line. The dose was signiﬁcantly
and inversely correlated with age, as indicated
by Pearson’s correlation coefﬁcient (r) = −0.223,
p = 0.00892. This correlation was conﬁrmed by using
an analysis that was independent of the distribution of the data: the Spearman rank order
correlation (R) coefﬁcient was −0.156 (p = 0.0487).
In addition, dose/PT-INR was also signiﬁcantly
and inversely correlated with age: r = −0.202,
p = 0.0153; R = −0.156, p = 0.0472 (data not shown).
On the other hand, age and PT-INR were not
correlated: r = −0.0442, p = 0.659; R = −0.0309,

±
±
±
±

10.2
1.04
0.34
0.66

51—60 (n = 10)
55.8
2.88
2.08
1.38

±
±
±
±

2.39
1.12
0.27
0.50

61—70 (n = 28)
66.4
2.80
2.03
1.39

±
±
±
±

71—80 (n = 44)

2.62
1.19
0.26
0.65

73.4
2.65
1.94
1.37

±
±
±
±

1.6
0.93
0.22
0.47

≥80 (n = 16)
82.9
2.44
1.95
1.27

±
±
±
±

2.02
0.55
0.23
0.34

Characteristics of patients receiving warfarin therapy according to the 2 age groups.

Characteristics

Age group

Age (years)
Daily dose (mg)
PT-INR
Dose/PT-INR

55.0
3.03
2.00
1.54

<65 (n = 21)
±
±
±
±

9.7
1.2
0.25
0.67

p-Value
≥65 (n = 81)
74.8
2.41
1.99
1.21

±
±
±
±

5.7
0.87
0.24
0.43

0.236
0.914
0.047
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Characteristics of patients receiving warfarin therapy according to the 2 age groups in the low PT-INR

Characteristics

Age group

Age (years)
Daily dose (mg)
PT-INR
Dose/PT-INR

55.3
3.12
1.80
1.74

<65 (n = 12)

Table 4
group.

±
±
±
±

11
1.2
0.13
0.57

p-Value
≥65 (n = 53)
74.7
2.60
1.85
1.41

±
±
±
±

5.7
0.79
0.34
0.34

0.136
0.479
0.033

Characteristics of patients receiving warfarin therapy according to the 2 age groups in the high PT-INR

Characteristics

Age group
<65 (n = 9)

Age (years)
Daily dose (mg)
PT-INR
Dose/PT-INR

54.0
2.86
2.25
1.26

±
±
±
±

8.9
1.2
0.15
0.51

p = 0.758. These results suggested that aging not
only decreases the required daily dose of warfarin
but also increases the sensitivity to warfarin in
Japanese patients on optimal anticoagulant therapy.
The patients were stratiﬁed into the following 5 age groups: 50 years or younger, 51—60
years, 61—70 years, 71—80 years, and 80 years
or older (Table 1). All the groups had similar PT-INR values (approximately 2.00). On the
other hand, the daily dose and the dose/PTINR decreased with increased age, consistent
with the results of the above-mentioned correlation analyses. It was observed that patients
in the youngest group (50 years or younger)
required a particularly higher daily dose and
showed a lower sensitivity to warfarin (higher
dose/PT-INR). Furthermore, in the remaining
groups, both the daily dose and the dose/PTINR when plotted against age exhibited a gentle
negative slope. The particularly higher values of
daily dose and dose/PT-INR in the youngest group
might be due to the small sample size.
To clarify whether the PT-INR affects the agedependent increase in warfarin sensitivity, the
patients were ﬁrst divided into 2 groups: younger
age group (<65 years, n = 21) and older age group
(≥65 years, n = 81) (Table 2). Each group was
further stratiﬁed into 2 PT-INR groups: low PTINR group (PT-INR ≤ 2.1 low-age group, n = 12;
high-age group, n = 53); and high PT-INR group (PTINR > 2.1; low-age group, n = 9; high-age group,
n = 28) (Tables 3 and 4). No signiﬁcant difference was observed in the mean PT-INR between

p-Value
≥65 (n = 28)
75.3
2.76
2.23
1.23

±
±
±
±

6.0
0.98
0.15
0.44

0.821
0.887
0.361

the 2 age groups within the same PT-INR groups
(Tables 3 and 4).
When the 2 groups divided solely on the basis
of age were analyzed (Table 2), only the mean
dose/PT-INR was signiﬁcantly decreased in the highage group; and the daily dose also appeared to be
slightly decreased. This relationship was also conﬁrmed when the 2 age groups in the low PT-INR
group were compared (Table 3). However, in the
high PT-INR group, the differences in the daily dose
and the dose/PT-INR between the 2 age groups were
not statistically signiﬁcant (Table 4). Furthermore,
on comparing the 2 PT-INR groups within the same
age groups (Tables 3 and 4), no signiﬁcant differences were noted in the mean warfarin dosages
between the high and low PT-INR groups (lowage group, p = 0.140; high-age group, p = 0.360). In
contrast, the mean dose/PT-INR signiﬁcantly differed between the 2 PT-INR groups within the same
age group (younger age group, p = 0.011; older age
group, p = 0.048), suggesting that most patients in
the low PT-INR group were not susceptible to warfarin.

Discussion
Interethnic differences among patients undergoing warfarin therapy involve both the sensitivity to
warfarin and the dosage required for optimal maintenance [9,10]. The Japanese have been known
to be highly sensitive to warfarin, although the
clinical evidence is limited [10]. Recently, one of
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the causes for these interethnic differences was
revealed, namely, the existence of genetic variants
of both the vitamin K epoxide reductase complex 1
gene (VKORC1) and the CYP2C9 gene. The former
encodes the protein that is targeted by warfarin
and functions as a limited enzyme in the vitamin
K redox recycling system in the liver, while the
latter encodes a warfarin metabolizing enzyme.
These variants are responsible for the interethnic differences in the warfarin-maintenance dose
[12,13].
Recently, the ‘‘Guidelines for management of
anticoagulant and antiplatelet therapy in cardiovascular disease’’ were established in Japan [10].
Herein, it was suggested that the therapeutic range
for warfarin in the Japanese is lower than that
in Caucasians. It has been proven that at similar
PT-INR values, the incidence of bleeding is higher
among the Japanese than among the Caucasians.
Moreover, a PT-INR value <1.6 does not appear to
be therapeutic [9,14]. Thus, the therapeutic range
of PT-INR among the Japanese is suggested to be
between 1.6 and 2.6. In this study, we assessed
the subjects whose PT-INR values were controlled
within the target range (between 1.6 and 2.6).
We showed that both the daily dose and the
dose/PT-INR for optimal therapy show a signiﬁcant
inverse correlation with age (Fig. 1; Tables 1 and 2).
In addition, no signiﬁcant correlation was observed
between age and PT-INR. Therefore, it is unlikely
that the lower degree of anticoagulation in the
elderly was intentional. Thus, these analyses indicated that increased age not only decreases the
required daily dose of warfarin but also increases
the sensitivity to warfarin for the optimal management of warfarin therapy in the Japanese.
In general, the elderly show decreased serum
proteins, metabolic activities, and excretion
through the kidneys [15]. These alterations lead to
differences in the pharmacokinetics of a drug that
increase the persistence of the drug in the body,
and consequently, increased sensitivity to the drug
is observed among the elderly. However, a previous
report has revealed that there was no appreciable difference in the pharmacokinetics of warfarin,
i.e. the plasma half-life, apparent volume of distribution, plasma clearance, and plasma warfarin
metabolite levels, between younger (age range,
20—40; mean, 25 years) and older (age range,
65—94; mean, 82 years) patients [16]. This suggests
that pharmacokinetic factors did not inﬂuence the
age-dependent increase in the sensitivity to warfarin. One of the possibilities of the age-dependent
warfarin sensitivity is the decrease in the activity of
the vitamin K redox recycling system in the elderly
[16—18].

As mentioned in the results section, patients
with low PT-INR values (Table 3) appeared to
be unsusceptible to warfarin therapy. Since PTINR values >1.6 are therapeutic for the Japanese
[9,14], these dosages of warfarin were sufﬁcient
for the anticoagulant therapy. High dosages of warfarin might induce unstable anticoagulant effects,
depending on the patients’ compliance. Therefore, physicians may consider that in the case of
such warfarin-unsusceptible patients, the minimum
therapeutic PT-INR should be maintained in order
to avoid prescribing a considerably high dosage of
warfarin.
Next, we focused on the PT-INR-dependent
difference in warfarin sensitivity with increasing age between the high and low PT-INR groups
(Tables 3 and 4) In the high PT-INR (PT-INR > 2.1)
group, no signiﬁcant difference was observed
between the older and younger patients with
respect to any of the test characteristics considered, while in the low PT-INR group, the mean
dose/PT-INR in the older patients was signiﬁcantly
lower than that in the younger patients (1.6 ≤ PTINR ≤ 2.1).
Interestingly, in spite of the difference in warfarin sensitivity between Japanese and Caucasian
patients, a similar age-dependent difference in
the sensitivity to warfarin therapy between the
high and low PT-INR groups was observed among
the Caucasians [3]. The investigators divided the
patients into 2 groups: the low PT-INR (2—3) and
the high PT-INR (3.1—4) groups. In the low PT-INR
group, younger patients (65 years or less) required
a median dose of 5.2 mg, and older patients (more
than 65 years) required a median dose of 3.8 mg
(the difference was statistically signiﬁcant) [3].
On the other hand, in the high PT-INR group, no
signiﬁcant difference was observed in the median
doses of warfarin between the younger and older
patients: median doses, 5.1 mg and 4.7 mg, respectively [3]. Thus, the age-dependent sensitivity
to warfarin therapy differed between the high
and low PT-INR groups, regardless of the ethnicity.
The above ﬁnding has not been explained from
the point of view of the age-dependent alterations in pharmacokinetics [15,16] and currently,
the mechanism underlying it has not yet been
understood.

Conclusions
Both aging and the control of PT-INR values are factors responsible for the increase in the sensitivity
to warfarin in Japanese patients on optimal anti-

360

T. Miura et al.

coagulant therapy. Since elderly Japanese patients
with low PT-INR values are especially sensitive to
warfarin, greater caution should be exercised in
determining the dosage schedule of warfarin with
increasing age in such patients.
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Executive Summary
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College of Chest Physicians Antithrombotic Therapy and Prevention of Thrombosis Panel*
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Abbreviations: ACS 5 acute coronary syndrome; AF 5 atrial
fibrillation; AIS 5 arterial ischemic stroke; APLA 5 antiphospolipid
antibodies; ASA 5 acetylsalicylic acid; AT9 5 Antithrombotic
Therapy and Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical Practice
Guidelines; BMS 5 bare-metal stent; CABG 5 coronary artery
bypass graft; CAD 5 coronary artery disease; CDT 5 catheterdirected thrombosis; CHADS2 5 congestive heart failure, hypertension, age 75 years, diabetes mellitus, prior stroke or transient
ischemic attack; CSVT 5 cerebral sinovenous thrombosis; CTPH 5
chronic thromboembolic pulmonary hypertension; CUS 5 compression ultrasound; CVAD 5 central venous access device;
DES 5 drug-eluting stent; GCS 5 graduated compression stockings;
HFS 5 hip fracture surgery; HIT 5 heparin-induced thrombocytopenia; HITT 5 heparin-induced thrombocytopenia complicated
by thrombosis; IA 5 intraarterial; ICH 5 intracerebral hemorrhage; IE 5 infective endocarditis; INR 5 international normalized
ratio; IPC 5 intermittent pneumatic compression; IPCD 5 intermittent pneumatic compression device; IVC 5 inferior vena cava;
LDUH 5 low-dose unfractionated heparin; LMWH 5 low-molecularweight heparin; LV 5 left ventricular; MBTS 5 modified BlalockTaussig shunt; MR 5 magnetic resonance; PAD 5 peripheral artery
disease; PCI 5 percutaneous coronary intervention; PE 5 pulmonary embolism; PFO 5 patent foramen ovale; PMBV 5 percutaneous mitral balloon valvotomy; PTS 5 postthrombotic syndrome;
PVT 5 prosthetic valve thrombosis; r-tPA 5 recombinant tissue plasminogen activator; RVT 5 renal vein thrombosis; SC 5 subcutaneous; TEE 5 transesophageal echocardiography; THA 5 total
hip arthroplasty; TIA 5 transient ischemic attack; TKA 5 total knee
arthroplasty; UAC 5 umbilical arterial catheter; UEDVT 5 upperextremity DVT; UFH 5 unfractionated heparin; US 5 ultrasound;
UVC 5 umbilical venous catheter; VAD 5 ventricular assist device;
VKA 5 vitamin K antagonist

iteration of the American College of
TheChesteighth
Physicians Antithrombotic Guidelines presented, in a paper version, a narrative evidence summary and rationale for the recommendations, a small
number of evidence profiles summarizing bodies of
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evidence, and some articles with quite extensive
summary tables of primary studies. In total, this
represented 600 recommendations summarized in
968 pages of text. Many readers responded that the
result was too voluminous for their liking or practical use.
Cognizant of this feedback, we worked hard to
minimize the length of the text for the ninth iteration
of the guidelines Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice
Guidelines (AT9) without sacrificing key content. A
number of topic editors found our shortening edits
draconian, but we were determined to produce the
leanest product possible.
There were, however, a number of obstacles. In
what we believe is a key advance in AT9, we conducted a systematic review of what is known about
patients’ values and preferences regarding antithrombotic therapy and included the results as an article
in AT9. In another forward step, we recognized the
problems with asymptomatic thrombosis as a surrogate outcome, and devised strategies to estimate
reductions in symptomatic DVT and pulmonary
embolism with antithrombotic prophylaxis. We felt it
important to explain this innovation to users of AT9,
and this meant another article.
We included, for the first time, an article on diagnosis addressing patients with symptoms and signs
suggesting DVT. We increased the range of interventions we have covered, resulting in additional recommendations. Finally, we produced many summary
of findings tables, which offer extremely succinct and
informative presentations of best estimates of effect
and the confidence associated with those estimates.
If published in the same fashion as the Antithrombotic and Thrombolytic Therapy, 8th ed: American
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT
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College of Chest Physicians Antithrombotic Guidelines, this would have resulted in a document
with . 850 pages of paper text, an unacceptable
length. Given this and with the advice of the journal,
we decided to adopt a highly focused print version
that includes only this executive summary and the
following articles:
• An introduction describing the major innovations
in AT9
• A methods article explaining how we developed the guidelines (a potential model for other
guideline groups interested in optimal rigor)
• Recommendations and grading from each article embedded in the table of contents of each
article
Those seeking the rationale for the recommendations, including the supporting evidence, should
access the online version of the guideline (http://
http://chestjournal.chestpubs.org/content/141/2_suppl)
that includes a narrative summaries and supporting summary of findings tables. The numbering indicated beside the recommendations in this summary
is aligned with the sections and tables found in the
full articles. Those interested in a deeper understanding of the evidence can turn to online data
supplements for each of the articles that include recommendations. There, they will find evidence profiles (expanded versions of the summary of findings

tables) and some tables summarizing the methods
and results, and the risk of bias, associated with the
individual studies that contributed to the evidence
profiles and summary of findings tables.
The world of medical information is rapidly becoming a world of electronic storage and presentation
of primary studies, recommendations, and a wide
variety of other information of interest to health care
practitioners. Although our abbreviated paper copy
presentation represents a necessary response to a
challenging situation, it is also a harbinger of the
increasingly electronic world of medical information
into which future editions of guidelines are destined
to move.
Summary of Recommendations
Note on Shaded Text: Throughout this guideline,
shading is used within the summary of recommendations sections to indicate recommendations that are
newly added or have been changed since the publication of Antithrombotic and Thrombolytic Therapy:
American College of Chest Physicians EvidenceBased Clinical Practice Guidelines (8th Edition). Recommendations that remain unchanged are not shaded.
Evidence-Based Management of
Anticoagulant Therapy
For further details, see Holbrook et al.1
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2.1 Loading Dose for Initiation of Vitamin K Antagonist
(VKA) Therapy
2.1. For patients sufficiently healthy to be
treated as outpatients, we suggest initiating VKA
therapy with warfarin 10 mg daily for the first
2 days followed by dosing based on international
normalized ratio (INR) measurements rather than
starting with the estimated maintenance dose
(Grade 2C).
2.2 Initial Dose Selection and Pharmacogenetic
Testing
2.2. For patients initiating VKA therapy, we
recommend against the routine use of pharmacogenetic testing for guiding doses of VKA
(Grade 1B).
2.3 Initiation Overlap for Heparin and VKA
2.3. For patients with acute VTE, we suggest
that VKA therapy be started on day 1 or 2
of low-molecular-weight heparin (LMWH) or
low-dose unfractionated heparin (UFH) therapy
rather than waiting for several days to start
(Grade 2C).
Executive Summary

3.1 Monitoring Frequency for VKAs

3.8 VKA Drug Interactions to Avoid

3.1. For patients taking VKA therapy with consistently stable INRs, we suggest an INR testing
frequency of up to 12 weeks rather than every
4 weeks (Grade 2B).

3.8. For patients taking VKAs, we suggest avoiding concomitant treatment with nonsteroidal
antiinflammatory drugs, including cyclooxygenase-2-selective nonsteroidal antiinflammatory
drugs, and certain antibiotics (see Table 8 in main
article1) (Grade 2C).

3.2 Management of the Single Out-of-Range INR
3.2. For patients taking VKAs with previously
stable therapeutic INRs who present with a
single out-of-range INR of  0.5 below or above
therapeutic, we suggest continuing the current
dose and testing the INR within 1 to 2 weeks
(Grade 2C).
3.3 Bridging for Low INRs
3.3. For patients with stable therapeutic INRs
presenting with a single subtherapeutic INR
value, we suggest against routinely administering bridging with heparin (Grade 2C).
3.4 Vitamin K Supplementation
3.4. For patients taking VKAs, we suggest
against routine use of vitamin K supplementation (Grade 2C).
3.5 Anticoagulation Management Services for VKAs
3.5. (Best Practices Statement) We suggest that
health-care providers who manage oral anticoagulation therapy should do so in a systematic
and coordinated fashion, incorporating patient
education, systematic INR testing, tracking,
follow-up, and good patient communication of
results and dosing decisions.
3.6 Patient Self-Testing and Self-Management
3.6. For patients treated with VKAs who are
motivated and can demonstrate competency
in self-management strategies, including the
self-testing equipment, we suggest patient selfmanagement rather than usual outpatient INR
monitoring (Grade 2B). For all other patients,
we suggest monitoring that includes the safeguards in our best practice statement 3.5.
3.7 Dosing Decision Support
3.7. For dosing decisions during maintenance
VKA therapy, we suggest using validated decision support tools (paper nomograms or computerized dosing programs) rather than no
decision support (Grade 2C).
Remarks: Inexperienced prescribers may be more
likely to improve prescribing with use of decision support tools than experienced prescribers.
www.chestpubs.org

For patients taking VKAs, we suggest avoiding
concomitant treatment with antiplatelet agents
except in situations where benefit is known or is
highly likely to be greater than harm from
bleeding, such as patients with mechanical valves,
patients with acute coronary syndrome, or patients
with recent coronary stents or bypass surgery
(Grade 2C).
4.1 Optimal Therapeutic INR Range
4.1. For patients treated with VKAs, we recommend a therapeutic INR range of 2.0 to 3.0 (target INR of 2.5) rather than a lower (INR , 2) or
higher (INR 3.0-5.0) range (Grade 1B).
4.2 Therapeutic Range for High-Risk Groups
4.2. For patients with antiphospholipid syndrome
with previous arterial or venous thromboembolism,
we suggest VKA therapy titrated to a moderateintensity INR range (INR 2.0-3.0) rather than
higher intensity (INR 3.0-4.5) (Grade 2B).
5.0 Discontinuation of Therapy
5.0. For patients eligible to discontinue treatment with VKA, we suggest abrupt discontinuation rather than gradual tapering of the dose to
discontinuation (Grade 2C).
6.1 Unfractionated Heparin (UFH) Dose Adjustment
by Weight
6.1. For patients starting IV UFH, we suggest
that the initial bolus and the initial rate of the
continuous infusion be weight adjusted (bolus
80 units/kg followed by 18 units/kg per h for VTE;
bolus 70 units/kg followed by 15 units/kg per h
for cardiac or stroke patients) or use of a fixed
dose (bolus 5,000 units followed by 1,000 units/h)
rather than alternative regimens (Grade 2C).
6.2 Dose Management of Subcutaneous (SC) UFH
6.2. For outpatients with VTE treated with SC
UFH, we suggest weight-adjusted dosing (first
dose 333 units/kg, then 250 units/kg) without monitoring rather than fixed or weightadjusted dosing with monitoring (Grade 2C).
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7.1 Therapeutic Dose of LMWH in Patients With
Decreased Renal Function

unfractionated heparin (LDUH) bid, LDUH
tid, or fondaparinux (Grade 1B).

7.1. For patients receiving therapeutic LMWH
who have severe renal insufficiency (calculated
creatinine clearance , 30 mL/min), we suggest
a reduction of the dose rather than using standard doses (Grade 2C).

Remarks: In choosing the specific anticoagulant drug
to be used for pharmacoprophylaxis, choices should
be based on patient preference, compliance, and ease
of administration (eg, daily vs bid vs tid dosing), as
well as on local factors affecting acquisition costs (eg,
prices of various pharmacologic agents in individual
hospital formularies).

8.1 Fondaparinux Dose Management by Weight
8.1. For patients with VTE and body weight
over 100 kg, we suggest that the treatment dose
of fondaparinux be increased from the usual
7.5 mg to 10 mg daily SC (Grade 2C).
9.1 Vitamin K for Patients Taking VKAs With High
INRs Without Bleeding
9.1.
(a) For patients taking VKAs with INRs between
4.5 and 10 and with no evidence of bleeding, we
suggest against the routine use of vitamin K
(Grade 2B).
(b) For patients taking VKAs with INRs . 10.0
and with no evidence of bleeding, we suggest
that oral vitamin K be administered (Grade 2C).
9.2 Clinical Prediction Rules for Bleeding While
Taking VKA
9.2. For patients initiating VKA therapy, we
suggest against the routine use of clinical prediction rules for bleeding as the sole criterion to
withhold VKA therapy (Grade 2C).
9.3 Treatment of Anticoagulant-Related Bleeding
9.3. For patients with VKA-associated major
bleeding, we suggest rapid reversal of anticoagulation with four-factor prothrombin complex
concentrate rather than with plasma. (Grade 2C).
We suggest the additional use of vitamin K 5 to
10 mg administered by slow IV injection rather
than reversal with coagulation factors alone
(Grade 2C).
Prevention of VTE in Nonsurgical Patients

2.4. For acutely ill hospitalized medical patients
at low risk of thrombosis, we recommend against
the use of pharmacologic prophylaxis or mechanical prophylaxis (Grade 1B).
2.7.1. For acutely ill hospitalized medical
patients who are bleeding or at high risk for
bleeding, we recommend against anticoagulant
thromboprophylaxis (Grade 1B).
2.7.2. For acutely ill hospitalized medical patients at
increased risk of thrombosis who are bleeding or
at high risk for major bleeding, we suggest the
optimal use of mechanical thromboprophylaxis
with graduated compression stockings (GCS)
(Grade 2C) or intermittent pneumatic compression (IPC) (Grade 2C), rather than no mechanical thromboprophylaxis. When bleeding risk
decreases, and if VTE risk persists, we suggest that pharmacologic thromboprophylaxis
be substituted for mechanical thromboprophylaxis (Grade 2B).
Remarks: Patients who are particularly averse to the
potential for skin complications, cost, and need for
clinical monitoring of GCS and IPC use are likely to
decline mechanical prophylaxis.
2.8. In acutely ill hospitalized medical patients
who receive an initial course of thromboprophylaxis, we suggest against extending the duration of thromboprophylaxis beyond the period
of patient immobilization or acute hospital stay
(Grade 2B).
3.0 Critically Ill Patients
3.2. In critically ill patients, we suggest against
routine ultrasound screening for DVT (Grade 2C).

2.0 Hospitalized Acutely Ill Medical Patients

3.4.3. For critically ill patients, we suggest using
LMWH or LDUH thromboprophylaxis over no
prophylaxis (Grade 2C).

2.3. For acutely ill hospitalized medical patients
at increased risk of thrombosis, we recommend
anticoagulant thromboprophylaxis with lowmolecular-weight heparin [LMWH], low-dose

3.4.4. For critically ill patients who are bleeding,
or are at high risk for major bleeding, we
suggest mechanical thromboprophylaxis with
GCS (Grade 2C) or IPC (Grade 2C) until the

For further details, see Kahn et al.2
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bleeding risk decreases, rather than no mechanical thromboprophylaxis. When bleeding risk
decreases, we suggest that pharmacologic thromboprophylaxis be substituted for mechanical
thromboprophylaxis (Grade 2C).
4.0 Patients With Cancer in the Outpatient Setting
4.2.1. In outpatients with cancer who have no
additional risk factors for VTE, we suggest
against routine prophylaxis with LMWH or
LDUH (Grade 2B) and recommend against
the prophylactic use of VKAs (Grade 1B).
Remarks: Additional risk factors for venous thrombosis in cancer outpatients include previous venous
thrombosis, immobilization, hormonal therapy, angiogenesis inhibitors, thalidomide, and lenalidomide.
4.2.2. In outpatients with solid tumors who have
additional risk factors for VTE and who are at
low risk of bleeding, we suggest prophylacticdose LMWH or LDUH over no prophylaxis
(Grade 2B).
Remarks: Additional risk factors for venous thrombosis in cancer outpatients include previous venous
thrombosis, immobilization, hormonal therapy, angiogenesis inhibitors, thalidomide, and lenalidomide.
4.4. In outpatients with cancer and indwelling
central venous catheters, we suggest against
routine prophylaxis with LMWH or LDUH
(Grade 2B) and suggest against the prophylactic
use of VKAs (Grade 2C).
5.0 Chronically Immobilized Patients
5.1. In chronically immobilized persons residing
at home or at a nursing home, we suggest against
the routine use of thromboprophylaxis (Grade 2C).
6.0 Persons Traveling Long-Distance
6.1.1. For long-distance travelers at increased
risk of VTE (including previous VTE, recent
surgery or trauma, active malignancy, pregnancy, estrogen use, advanced age, limited
mobility, severe obesity, or known thrombophilic disorder), we suggest frequent ambulation, calf muscle exercise, or sitting in an aisle
seat if feasible (Grade 2C).
6.1.2. For long-distance travelers at increased
risk of VTE (including previous VTE, recent
surgery or trauma, active malignancy, pregnancy,
estrogen use, advanced age, limited mobility,
severe obesity, or known thrombophilic disorder), we suggest use of properly fitted, belowwww.chestpubs.org

knee GCS providing 15 to 30 mm Hg of pressure
at the ankle during travel (Grade 2C). For all
other long-distance travelers, we suggest against
the use of GCS (Grade 2C).
6.1.3. For long-distance travelers, we suggest
against the use of aspirin or anticoagulants to
prevent VTE (Grade 2C).
7.0 Persons With Asymptomatic Thrombophilia
7.1. In persons with asymptomatic thrombophilia (ie, without a previous history of VTE),
we recommend against the long-term daily use
of mechanical or pharmacologic thromboprophylaxis to prevent VTE (Grade 1C).
Prevention of VTE in Nonorthopedic
Surgical Patients
For further details, see Gould et al.3
3.6 Patients Undergoing General, GI, Urological,
Gynecologic, Bariatric, Vascular, Plastic, or Reconstructive Surgery
3.6.1. For general and abdominal-pelvic surgery patients at very low risk for VTE (, 0.5%;
Rogers score, , 7; Caprini score, 0), we recommend that no specific pharmacologic (Grade 1B)
or mechanical (Grade 2C) prophylaxis be used
other than early ambulation.
3.6.2. For general and abdominal-pelvic surgery patients at low risk for VTE (ⵑ1.5%; Rogers score, 7-10; Caprini score, 1-2), we suggest
mechanical prophylaxis, preferably with intermittent pneumatic compression (IPC), over no
prophylaxis (Grade 2C).
3.6.3. For general and abdominal-pelvic surgery patients at moderate risk for VTE (ⵑ3.0%;
Rogers score, . 10; Caprini score, 3-4) who are
not at high risk for major bleeding complications, we suggest LMWH (Grade 2B), LDUH
(Grade 2B), or mechanical prophylaxis, preferably with IPC (Grade 2C), over no prophylaxis.
Remarks: Three of the seven authors favored a strong
(Grade 1B) recommendation in favor of LMWH or
LDUH over no prophylaxis in this group.
3.6.4. For general and abdominal-pelvic surgery patients at moderate risk for VTE (3.0%;
Rogers score, . 10; Caprini score, 3-4) who are
at high risk for major bleeding complications
or those in whom the consequences of bleeding are thought to be particularly severe, we
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suggest mechanical prophylaxis, preferably with
IPC, over no prophylaxis (Grade 2C).
3.6.5. For general and abdominal-pelvic surgery patients at high risk for VTE (ⵑ6.0%;
Caprini score,  5) who are not at high risk for
major bleeding complications, we recommend
pharmacologic prophylaxis with LMWH (Grade
1B) or LDUH (Grade 1B) over no prophylaxis.
We suggest that mechanical prophylaxis with
elastic stockings or IPC should be added to pharmacologic prophylaxis (Grade 2C).

gest use of mechanical prophylaxis, preferably
with optimally applied IPC, over either no prophylaxis (Grade 2C) or pharmacologic prophylaxis (Grade 2C).
4.4.2. For cardiac surgery patients whose hospital course is prolonged by one or more nonhemorrhagic surgical complications, we suggest
adding pharmacologic prophylaxis with LDUH
or LMWH to mechanical prophylaxis (Grade 2C).
5.0 Patients Undergoing Thoracic Surgery

3.6.6. For high-VTE-risk patients undergoing
abdominal or pelvic surgery for cancer who are
not otherwise at high risk for major bleeding
complications, we recommend extended-duration
pharmacologic prophylaxis (4 weeks) with LMWH
over limited-duration prophylaxis (Grade 1B).

5.4.1. For thoracic surgery patients at moderate risk for VTE who are not at high risk for
perioperative bleeding, we suggest LDUH
(Grade 2B), LMWH (Grade 2B), or mechanical
prophylaxis with optimally applied IPC (Grade 2C)
over no prophylaxis.

Remarks: Patients who place a high value on minimizing out-of-pocket health-care costs might prefer
limited-duration over extended-duration prophylaxis
in settings where the cost of extended-duration prophylaxis is borne by the patient.

Remarks: Three of the seven authors favored a strong
(Grade 1B) recommendation in favor of LMWH or
LDUH over no prophylaxis in this group.

3.6.7. For high-VTE-risk general and abdominalpelvic surgery patients who are at high risk for
major bleeding complications or those in whom the
consequences of bleeding are thought to be
particularly severe, we suggest use of mechanical prophylaxis, preferably with IPC, over no
prophylaxis until the risk of bleeding diminishes
and pharmacologic prophylaxis may be initiated
(Grade 2C).
3.6.8. For general and abdominal-pelvic surgery patients at high risk for VTE (6%; Caprini
score,  5) in whom both LMWH and unfractionated heparin are contraindicated or unavailable and who are not at high risk for major
bleeding complications, we suggest low-dose
aspirin (Grade 2C), fondaparinux (Grade 2C), or
mechanical prophylaxis, preferably with IPC
(Grade 2C), over no prophylaxis.
3.6.9. For general and abdominal-pelvic surgery patients, we suggest that an inferior vena
cava (IVC) filter should not be used for primary
VTE prevention (Grade 2C).
3.6.10. For general and abdominal-pelvic surgery
patients, we suggest that periodic surveillance
with venous compression ultrasound should
not be performed (Grade 2C).
4.0 Patients Undergoing Cardiac Surgery
4.4.1. For cardiac surgery patients with an
uncomplicated postoperative course, we sug12S

5.4.2. For thoracic surgery patients at high risk
for VTE who are not at high risk for perioperative bleeding, we suggest LDUH (Grade 1B) or
LMWH (Grade 1B) over no prophylaxis. In addition, we suggest that mechanical prophylaxis
with elastic stockings or IPC should be added to
pharmacologic prophylaxis (Grade 2C).
5.4.3. For thoracic surgery patients who are at
high risk for major bleeding, we suggest use of
mechanical prophylaxis, preferably with optimally applied IPC, over no prophylaxis until the
risk of bleeding diminishes and pharmacologic
prophylaxis may be initiated (Grade 2C).
6.0 Patients Undergoing Craniotomy
6.4.1. For craniotomy patients, we suggest that
mechanical prophylaxis, preferably with IPC,
be used over no prophylaxis (Grade 2C) or pharmacologic prophylaxis (Grade 2C).
6.4.2. For craniotomy patients at very high risk
for VTE (eg, those undergoing craniotomy for
malignant disease), we suggest adding pharmacologic prophylaxis to mechanical prophylaxis
once adequate hemostasis is established and the
risk of bleeding decreases (Grade 2C).
7.0 Patients Undergoing Spinal Surgery
7.4.1. For patients undergoing spinal surgery,
we suggest mechanical prophylaxis, preferably with IPC, over no prophylaxis (Grade 2C),
unfractionated heparin (Grade 2C), or LMWH
(Grade 2C).
Executive Summary

7.4.2. For patients undergoing spinal surgery at
high risk for VTE (including those with malignant disease or those undergoing surgery with
a combined anterior-posterior approach), we
suggest adding pharmacologic prophylaxis to
mechanical prophylaxis once adequate hemostasis is established and the risk of bleeding
decreases (Grade 2C).
8.0 Patients With Major Trauma: Traumatic Brain
Injury, Acute Spinal Injury, and Traumatic Spine
Injury
8.4.1. For major trauma patients, we suggest
use of LDUH (Grade 2C), LMWH (Grade 2C), or
mechanical prophylaxis, preferably with IPC
(Grade 2C), over no prophylaxis.
8.4.2. For major trauma patients at high risk for
VTE (including those with acute spinal cord
injury, traumatic brain injury, and spinal surgery for trauma), we suggest adding mechanical prophylaxis to pharmacologic prophylaxis
(Grade 2C) when not contraindicated by lowerextremity injury.
8.4.3. For major trauma patients in whom
LMWH and LDUH are contraindicated, we suggest mechanical prophylaxis, preferably with
IPC, over no prophylaxis (Grade 2C) when not
contraindicated by lower-extremity injury. We
suggest adding pharmacologic prophylaxis with
either LMWH or LDUH when the risk of
bleeding diminishes or the contraindication to
heparin resolves (Grade 2C).
8.4.4. For major trauma patients, we suggest
that an IVC filter should not be used for primary VTE prevention (Grade 2C).
8.4.5. For major trauma patients, we suggest that
periodic surveillance with venous compression
ultrasound should not be performed (Grade 2C).
Prevention of VTE in Orthopedic
Surgery Patients
For further details, see Falck-Ytter et al.4
2.0 Patients Undergoing Major Orthopedic Surgery:
Total Hip Arthroplasty (THA), Total Knee Arthroplasty
(TKA), Hip Fracture Surgery (HFS)
2.1.1. In patients undergoing THA or TKA, we
recommend use of one of the following for a
minimum of 10 to 14 days rather than no antithrombotic prophylaxis: low-molecular-weight
heparin (LMWH), fondaparinux, apixaban, dabwww.chestpubs.org

igatran, rivaroxaban, low-dose unfractionated
heparin (LDUH), adjusted-dose VKA, aspirin
(all Grade 1B), or an intermittent pneumatic compression device (IPCD) (Grade 1C).
Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpatients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. One panel member
believed strongly that aspirin alone should not be
included as an option.
2.1.2. In patients undergoing HFS, we recommend use of one of the following rather than no
antithrombotic prophylaxis for a minimum of
10 to 14 days: LMWH, fondaparinux, LDUH,
adjusted-dose VKA, aspirin (all Grade 1B), or an
IPCD (Grade 1C).
Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpatients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. One panel member
believed strongly that aspirin alone should not be
included as an option.
2.2. For patients undergoing major orthopedic
surgery (THA, TKA, HFS) and receiving LMWH
as thromboprophylaxis, we recommend starting
either 12 h or more preoperatively or 12 h or more
postoperatively rather than within 4 h or less preoperatively or 4 h or less postoperatively (Grade 1B).
2.3.1. In patients undergoing THA or TKA,
irrespective of the concomitant use of an IPCD
or length of treatment, we suggest the use
of LMWH in preference to the other agents
we have recommended as alternatives: fondaparinux, apixaban, dabigatran, rivaroxaban,
LDUH (all Grade 2B), adjusted-dose VKA, or
aspirin (all Grade 2C).
Remarks: If started preoperatively, we suggest administering LMWH  12 h before surgery. Patients
who place a high value on avoiding the inconvenience
of daily injections with LMWH and a low value on
the limitations of alternative agents are likely to
choose an alternative agent. Limitations of alternative agents include the possibility of increased
bleeding (which may occur with fondaparinux, rivaroxaban, and VKA), possible decreased efficacy (LDUH,
VKA, aspirin, and IPCD alone), and lack of long-term
safety data (apixaban, dabigatran, and rivaroxaban).
Furthermore, patients who place a high value on
avoiding bleeding complications and a low value on
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its inconvenience are likely to choose an IPCD over
the drug options.
2.3.2. In patients undergoing HFS, irrespective
of the concomitant use of an IPCD or length of
treatment, we suggest the use of LMWH in preference to the other agents we have recommended
as alternatives: fondaparinux, LDUH (Grade 2B),
adjusted-dose VKA, or aspirin (all Grade 2C).
Remarks: For patients in whom surgery is likely to
be delayed, we suggest that LMWH be initiated
during the time between hospital admission and surgery but suggest administering LMWH at least 12 h
before surgery. Patients who place a high value on
avoiding the inconvenience of daily injections with
LMWH and a low value on the limitations of alternative agents are likely to choose an alternative agent.
Limitations of alternative agents include the possibility of increased bleeding (which may occur with
fondaparinux) or possible decreased efficacy (LDUH,
VKA, aspirin, and IPCD alone). Furthermore, patients
who place a high value on avoiding bleeding complications and a low value on its inconvenience are likely
to choose an IPCD over the drug options.
2.4. For patients undergoing major orthopedic
surgery, we suggest extending thromboprophylaxis in the outpatient period for up to 35 days
from the day of surgery rather than for only 10
to 14 days (Grade 2B).
2.5. In patients undergoing major orthopedic
surgery, we suggest using dual prophylaxis with
an antithrombotic agent and an IPCD during
the hospital stay (Grade 2C).
Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpatients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. Patients who place
a high value on avoiding the undesirable consequences
associated with prophylaxis with both a pharmacologic
agent and an IPCD are likely to decline use of dual
prophylaxis.
2.6. In patients undergoing major orthopedic
surgery and increased risk of bleeding, we
suggest using an IPCD or no prophylaxis rather
than pharmacologic treatment (Grade 2C).
Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpatients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. Patients who place
a high value on avoiding the discomfort and inconve14S

nience of IPCD and a low value on avoiding a small
absolute increase in bleeding with pharmacologic
agents when only one bleeding risk factor is present
(in particular the continued use of antiplatelet agents)
are likely to choose pharmacologic thromboprophylaxis over IPCD.
2.7. In patients undergoing major orthopedic
surgery and who decline or are uncooperative
with injections or an IPCD, we recommend
using apixaban or dabigatran (alternatively
rivaroxaban or adjusted-dose VKA if apixaban or dabigatran are unavailable) rather than
alternative forms of prophylaxis (all Grade 1B).
2.8. In patients undergoing major orthopedic
surgery, we suggest against using IVC filter
placement for primary prevention over no thromboprophylaxis in patients with an increased
bleeding risk or contraindications to both pharmacologic and mechanical thromboprophylaxis
(Grade 2C).
2.9. For asymptomatic patients following major
orthopedic surgery, we recommend against
Doppler (or duplex) ultrasound screening before
hospital discharge (Grade 1B).
3.0 Patients With Isolated Lower-Leg Injuries Distal
to the Knee
3.0. We suggest no prophylaxis rather than
pharmacologic thromboprophylaxis in patients
with isolated lower-leg injuries requiring leg
immobilization (Grade 2C).
4.0 Patients Undergoing Knee Arthroscopy
4.0. For patients undergoing knee arthroscopy
without a history of prior VTE, we suggest no
thromboprophylaxis rather than prophylaxis
(Grade 2B).
Perioperative Management of
Antithrombotic Therapy
For further details, see Douketis et al.5
2.1 Interruption of VKAs Before Surgery
2.1. In patients who require temporary interruption of a VKA before surgery, we recommend stopping VKAs approximately 5 days
before surgery instead of stopping VKAs a
shorter time before surgery (Grade 1C).
2.2 Resumption of VKAs After Surgery
2.2. In patients who require temporary interruption of a VKA before surgery, we recommend
Executive Summary

resuming VKAs approximately 12 to 24 h after
surgery (evening of or next morning) and when
there is adequate hemostasis instead of later
resumption of VKAs (Grade 2C).
2.4 Bridging Anticoagulation During Interruption of
VKA Therapy
2.4. In patients with a mechanical heart valve,
atrial fibrillation, or VTE at high risk for thromboembolism, we suggest bridging anticoagulation instead of no bridging during interruption
of VKA therapy (Grade 2C).
Remarks: Patients who place a higher value on avoiding perioperative bleeding than on avoiding perioperative thromboembolism are likely to decline
heparin bridging.
In patients with a mechanical heart valve, atrial
fibrillation, or VTE at low risk for thromboembolism, we suggest no bridging instead of
bridging anticoagulation during interruption
of VKA therapy (Grade 2C).
In patients with a mechanical heart valve, atrial fibrillation, or VTE at moderate risk for thromboembolism, the bridging or no-bridging approach chosen is,
as in the higher- and lower-risk patients, based on an
assessment of individual patient- and surgery-related
factors.
2.5 Perioperative Management of VKA-Treated
Patients Who Require Minor Procedures
2.5. In patients who require a minor dental procedure, we suggest continuing VKAs with coadministration of an oral prohemostatic agent or
stopping VKAs 2 to 3 days before the procedure
instead of alternative strategies (Grade 2C). In
patients who require minor dermatologic procedures and are receiving VKA therapy, we suggest continuing VKAs around the time of the
procedure and optimizing local hemostasis
instead of other strategies (Grade 2C). In patients
who require cataract surgery and are receiving
VKA therapy, we suggest continuing VKAs
around the time of the surgery instead of other
strategies (Grade 2C).
3.4 Patients Undergoing a Minor Dental, Dermatologic,
or Ophthalmologic Procedure
3.4. In patients who are receiving acetylsalicylic acid (ASA) for the secondary prevention
of cardiovascular disease and are having minor
dental or dermatologic procedures or cataract
surgery, we suggest continuing ASA around the
www.chestpubs.org

time of the procedure instead of stopping ASA
7 to 10 days before the procedure (Grade 2C).
3.5. In patients at moderate to high risk for
cardiovascular events who are receiving ASA
therapy and require noncardiac surgery, we
suggest continuing ASA around the time of surgery instead of stopping ASA 7 to 10 days before
surgery (Grade 2C). In patients at low risk for
cardiovascular events who are receiving ASA
therapy, we suggest stopping ASA 7 to 10 days
before surgery instead of continuation of ASA
(Grade 2C).
3.6 Patients Undergoing Coronary Artery Bypass
Graft Surgery
3.6. In patients who are receiving ASA and
require coronary artery bypass graft (CABG)
surgery, we suggest continuing ASA around the
time of surgery instead of stopping ASA 7 to
10 days before surgery (Grade 2C). In patients
who are receiving dual antiplatelet drug therapy
and require CABG surgery, we suggest continuing ASA around the time of surgery and
stopping clopidogrel/prasugrel 5 days before
surgery instead of continuing dual antiplatelet
therapy around the time of surgery (Grade 2C).
3.7 Surgical Patients With Coronary Stents
3.7. In patients with a coronary stent who are
receiving dual antiplatelet therapy and require
surgery, we recommend deferring surgery for
at least 6 weeks after placement of a bare-metal
stent and for at least 6 months after placement
of a drug-eluting stent instead of undertaking
surgery within these time periods (Grade 1C). In
patients who require surgery within 6 weeks
of placement of a bare-metal stent or within
6 months of placement of a drug-eluting stent,
we suggest continuing dual antiplatelet therapy
around the time of surgery instead of stopping
dual antiplatelet therapy 7 to 10 days before
surgery (Grade 2C).
Remarks: Patients who are more concerned about
avoiding the unknown, but potentially large increase
in bleeding risk associated with the perioperative
continuation of dual antiplatelet therapy than avoiding the risk for coronary stent thrombosis are unlikely
to choose continuation of dual antiplatelet therapy.
4.2 Perioperative Use of IV UFH
4.2. In patients who are receiving bridging anticoagulation with therapeutic-dose IV UFH, we
suggest stopping UFH 4 to 6 h before surgery
instead of closer to surgery (Grade 2C).
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4.3 Preoperative Interruption of Therapeutic-Dose
Bridging LMWH
4.3. In patients who are receiving bridging anticoagulation with therapeutic-dose SC LMWH,
we suggest administering the last preoperative
dose of LMWH approximately 24 h before surgery instead of 12 h before surgery (Grade 2C).
4.4 Postoperative Resumption of Therapeutic-Dose
Bridging LMWH
4.4. In patients who are receiving bridging anticoagulation with therapeutic-dose SC LMWH
and are undergoing high-bleeding-risk surgery,
we suggest resuming therapeutic-dose LMWH
48 to 72 h after surgery instead of resuming
LMWH within 24 h after surgery (Grade 2C).
Diagnosis of DVT
For further details, see Bates et al.6
3.0 Diagnosis of Suspected First Lower Extremity
DVT
3.1. In patients with a suspected first lower
extremity DVT, we suggest that the choice of
diagnostic tests process should be guided by the
clinical assessment of pretest probability rather
than by performing the same diagnostic tests in
all patients (Grade 2B).
Remarks: In considering this recommendation, five
panelists voted for a strong recommendation and four
voted for a weak recommendation (one declined
to vote and two did not participate). According
to predetermined criteria, this resulted in weak
recommendation.
3.2. In patients with a low pretest probability
of first lower extremity DVT, we recommend
one of the following initial tests: (i) a moderately sensitive D-dimer, (ii) a highly sensitive
D-dimer, or (iii) compression ultrasound (CUS)
of the proximal veins rather than (i) no diagnostic testing (Grade 1B for all comparisons), (ii) venography (Grade 1B for all comparisons), or (iii)
whole-leg ultrasound (US) (Grade 2B for all comparisons). We suggest initial use of a moderately
sensitive (Grade 2C) or highly sensitive (Grade
2B) D-dimer rather than proximal CUS.
Remarks: The choice between a moderately sensitive
D-dimer test, a highly sensitive D-dimer test, or proximal CUS as the initial test will depend on local availability, access to testing, costs of testing, and the
probability of obtaining a negative D-dimer result if
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DVT is not present. Initial testing with US would be
preferred if the patient has a comorbid condition associated with elevated D-dimer levels and is likely to have
a positive D-dimer result, even if DVT is absent. In
patients with suspected first lower extremity DVT in
whom US is impractical (eg, when leg casting or
excessive SC tissue or fluid prevent adequate assessment of compressibility) or nondiagnostic, we suggest CT scan venography or magnetic resonance
(MR) venography, or MR direct thrombus imaging
could be used as an alternative to venography.
If the D-dimer is negative, we recommend no
further testing over further investigation with
(i) proximal CUS, (ii) whole-leg US, or (iii) venography (Grade 1B for all comparisons). If the proximal CUS is negative, we recommend no further
testing compared with (i) repeat proximal CUS
after 1 week, (ii) whole-leg US, or (iii) venography (Grade 1B for all comparisons).
If the D-dimer is positive, we suggest further
testing with CUS of the proximal veins rather
than (i) whole-leg US (Grade 2C) or (ii) venography (Grade 1B). If CUS of the proximal veins is
positive, we suggest treating for DVT and performing no further testing over performing
confirmatory venography (Grade 2C).
Remarks: In circumstances when high-quality venography is available, patients who are not averse to the
discomfort of venography, are less concerned about
the complications of venography, and place a high
value on avoiding treatment of false-positive results
are likely to choose confirmatory venography if findings for DVT are less certain (eg, a short segment of
venous noncompressibility).
3.3. In patients with a moderate pretest probability of first lower extremity DVT, we recommend one of the following initial tests: (i) a highly
sensitive D-dimer or (ii) proximal CUS, or (iii)
whole-leg US rather than (i) no testing (Grade 1B
for all comparisons) or (ii) venography (Grade 1B for
all comparisons). We suggest initial use of a highly
sensitive D-dimer rather than US (Grade 2C).
Remarks: The choice between a highly sensitive
D-dimer test or US as the initial test will depend on
local availability, access to testing, costs of testing,
and the probability of obtaining a negative D-dimer
result if DVT is not present. Initial testing with US
may be preferred if the patient has a comorbid condition associated with elevated D-dimer levels and is
likely to have a positive D-dimer result even if DVT
is absent. Whole-leg US may be preferred in patients
unable to return for serial testing and those with
Executive Summary

severe symptoms consistent with calf DVT. In patients
with suspected first lower extremity DVT in whom
US is impractical (eg, when leg casting or excessive
SC tissue or fluid prevent adequate assessment of
compressibility) or nondiagnostic, we suggest CT scan
venography, MR venography, or MR direct thrombus
imaging could be used as an alternative to venography.
If the highly sensitive D-dimer is negative, we
recommend no further testing over further
investigation with (i) proximal CUS, (ii) wholeleg US, or (iii) venography (Grade 1B for all
comparisons). If the highly sensitive D-dimer
is positive, we recommend proximal CUS or
whole-leg US rather than no testing (Grade 1B
for all comparisons) or venography (Grade 1B for
all comparisons).
If proximal CUS is chosen as the initial test and
is negative, we recommend (i) repeat proximal
CUS in 1 week or (ii) testing with a moderate or
highly sensitive D-dimer assay over no further
testing (Grade 1C) or venography (Grade 2B). In
patients with a negative proximal CUS but a
positive D-dimer, we recommend repeat proximal CUS in 1 week over no further testing
(Grade 1B) or venography (Grade 2B).
In patients with (i) negative serial proximal CUS
or (ii) a negative single proximal CUS and negative moderate or highly sensitive D-dimer, we
recommend no further testing rather than further testing with (i) whole-leg US or (ii) venography (Grade 1B for all comparisons).
If whole-leg US is negative, we recommend
no further testing over (i) repeat US in one
week, (ii) D-dimer testing, or (iii) venography
(Grade 1B for all comparisons). If proximal CUS
is positive, we recommend treating for DVT
rather than confirmatory venography (Grade 1B).
If isolated distal DVT is detected on wholeleg US, we suggest serial testing to rule out
proximal extension over treatment (Grade 2C).
Remarks: Patients with abnormal isolated distal US
findings on whole-leg US who place a high value on
avoiding the inconvenience of repeat testing and a
low value on avoiding treatment of false-positive
results are likely to choose treatment over repeat US.
Patients with severe symptoms and risk factors for
extension as outlined in Perioperative Management
of Antithrombotic Therapy. Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical
Practice Guidelines are more likely to benefit from
treatment over repeat US.
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3.4. In patients with a high pretest probability
of first lower extremity DVT, we recommend
either (i) proximal CUS or (ii) whole-leg US over
no testing (Grade 1B for all comparisons) or venography (Grade 1B for all comparisons).
Remarks: Whole-leg US may be preferred to proximal CUS in patients unable to return for serial testing and those with severe symptoms consistent with
calf DVT. In patients with extensive unexplained
leg swelling, if there is no DVT on proximal CUS or
whole-leg US and d-dimer testing has not been
performed or is positive, the iliac veins should be
imaged to exclude isolated iliac DVT. In patients with
suspected first lower extremity DVT in whom US is
impractical (eg, when leg casting or excessive SC
tissue or fluid prevent adequate assessment of compressibility) or nondiagnostic, we suggest CT scan
venography, MR venography, or MR direct thrombus
imaging could be used as an alternative to venography.
If proximal CUS or whole-leg US is positive for
DVT, we recommend treatment rather than
confirmatory venography (Grade 1B).
In patients with a negative proximal CUS, we
recommend additional testing with a highly
sensitive D-dimer or whole-leg US or repeat
proximal CUS in 1 week over no further
testing (Grade 1B for all comparisons) or venography (Grade 2B for all comparisons). We recommend that patients with a single negative
proximal CUS and positive D-dimer undergo
whole-leg US or repeat proximal CUS in 1 week
over no further testing (Grade 1B) or venography
(Grade 2B). In patients with negative serial proximal CUS, a negative single proximal CUS and
negative highly sensitive D-dimer, or a negative
whole-leg US, we recommend no further testing
over venography or additional US (Grade 1B for
negative serial proximal CUS and for negative single
proximal CUS and highly sensitive D-dimer; Grade
2B for negative whole-leg US).
We recommend that in patients with high pretest probability, moderately or highly sensitive
D-dimer assays should not be used as standalone tests to rule out DVT (Grade 1B).
3.5. If risk stratification is not performed in
patients with suspected first lower extremity
DVT, we recommend one of the following
initial tests: (i) proximal CUS or (ii) wholeleg US rather than (i) no testing (Grade 1B),
(ii) venography (Grade 1B), or D-dimer testing
(Grade 2B).
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Remarks: Whole-leg US may be preferred to proximal CUS in patients unable to return for serial
testing and those with severe symptoms consistent
with calf DVT or risk factors for extension of distal
DVT. In patients with suspected first lower extremity
DVT in whom US is impractical (eg, when leg casting or excessive SC tissue or fluid prevent adequate
assessment of compressibility) or nondiagnostic, we
suggest that CT scan venography, MR venography,
or MR direct thrombus imaging could be used as an
alternative to venography.

4.1 Venography in Patients With Suspected Recurrent DVT

We recommend that patients with a negative
proximal CUS undergo testing with a moderate- or high-sensitivity D-dimer, whole-leg
US, or repeat proximal CUS in 1 week over
no further testing (Grade 1B) or venography
(Grade 2B). In patients with a negative proximal CUS, we suggest D-dimer rather than
routine serial CUS (Grade 2B) or whole-leg US
(Grade 2C). We recommend that patients with
a single negative proximal CUS and positive
D-dimer undergo further testing with repeat
proximal CUS in 1 week or whole-leg US
rather than no further testing (Grade 1B for
both comparisons).

If the highly sensitive D-dimer is positive, we
recommend proximal CUS over venography, CT
venography, or MRI (Grade 1B for all comparisons).

We recommend that in patients with (i) negative serial proximal CUS, (ii) a negative D-dimer
following a negative initial proximal CUS, or (iii)
negative whole-leg US, no further testing be
performed rather than venography (Grade 1B).
If proximal US is positive for DVT, we recommend treatment rather than confirmatory venography (Grade 1B). If isolated distal DVT is
detected on whole-leg US, we suggest serial
testing to rule out proximal extension over treatment (Grade 2C).
Remarks: Patients with abnormal isolated distal US
findings on whole-leg US who place a high value on
avoiding the inconvenience of repeat testing and
a low value on avoiding treatment of false-positive
results are likely to choose treatment over repeat US.
Patients with severe symptoms and risk factors for
extension as outlined in “Perioperative Management
of Antithrombotic Therapy. Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical
Practice Guidelines” are more likely to benefit from
treatment over repeat US.
3.6. In patients with suspected first lower
extremity DVT, we recommend against the routine use of CT venography or MRI (Grade 1C).
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4.1. In patients suspected of having recurrent
lower extremity DVT, we recommend initial
evaluation with proximal CUS or a highly sensitive D-dimer over venography, CT venography,
or MRI (all Grade 1B).
Remarks: Initial D-dimer testing with a high-sensitivity
assay is preferable if prior US is not available for
comparison.

In patients with suspected recurrent lower
extremity DVT in whom initial proximal CUS is
negative (normal or residual diameter increase
of , 2 mm), we suggest at least one further
proximal CUS (day 7  1) or testing with a moderately or highly sensitive D-dimer (followed by
repeat CUS [day 7  1] if positive) rather than
no further testing or venography (Grade 2B).
Remarks: In patients with an abnormal proximal CUS
at presentation that does not meet the criteria for the
diagnosis of recurrence, an additional proximal CUS
on day 2  1 in addition to that on (day 7  1) may be
preferred. Patients who place a high value on an
accurate diagnosis and a low value on avoiding the
inconvenience and potential side effects of a venography are likely to choose venography over missed
diagnosis (in the case of residual diameter increase
of , 2 mm).
We recommend that patients with suspected
recurrent lower extremity DVT and a negative
highly sensitive D-dimer or negative proximal
CUS and negative moderately or highly sensitive D-dimer or negative serial proximal CUS
undergo no further testing for suspected recurrent DVT rather than venography (Grade 1B).
If CUS of the proximal veins is positive, we recommend treating for DVT and performing no
further testing over performing confirmatory
venography (Grade 1B for the finding of a new noncompressible segment in the common femoral or
popliteal vein, Grade 2B for a  4-mm increase in
venous diameter during compression compared with
that in the same venous segment on a previous result).
Remarks: Patients with US abnormalities at presentation that do not include a new noncompressible
segment who place a high value on an accurate diagnosis and a low value on avoiding the inconvenience
Executive Summary

and potential side effects of a venography are likely
to choose venography over treatment (in the case
of  4-mm increase in venous diameter).
4.2 Compression Ultrasonography in Patients With
Suspected Recurrent DVT
4.2. In patients with suspected recurrent lower
extremity DVT and abnormal but nondiagnostic
US results (eg, an increase in residual venous
diameter of , 4 but  2 mm), we recommend
further testing with venography, if available
(Grade 1B); serial proximal CUS (Grade 2B) or
testing with a moderately or highly sensitive
D-dimer with serial proximal CUS as above if
the test is positive (Grade 2B), as opposed to
other testing strategies or treatment.
4.3 Pretest Probability Assessment in Patients With
Suspected Recurrent DVT
4.3. In patients with suspected recurrent ipsilateral DVT and an abnormal US without a prior
result for comparison, we recommend further
testing with venography, if available (Grade 1B)
or a highly sensitive D-dimer (Grade 2B) over
serial proximal CUS. In patients with suspected
recurrent ipsilateral DVT and an abnormal US
without prior result for comparison and a negative highly sensitive D-dimer, we suggest no
further testing over venography (Grade 2C). In
patients with suspected recurrent ipsilateral
DVT and an abnormal US without prior result
for comparison and a positive highly sensitive
D-dimer, we suggest venography if available over
empirical treatment of recurrence (Grade 2C).
Remarks: Patients who place a high value on avoiding the inconvenience and potential side effects of
a venography are likely to choose treatment over
venography.
5.1 Venography in Pregnancy-Related DVT
5.1. In pregnant patients suspected of having
lower extremity DVT, we recommend initial
evaluation with proximal CUS over other initial
tests, including a whole-leg US (Grade 2C), moderately sensitive D-dimer (Grade 2C), highly
sensitive D-dimer (Grade 1B), or venography
(Grade 1B).
5.2 Compression Ultrasonography in PregnancyRelated DVT
5.2. In pregnant patients with suspected DVT in
whom initial proximal CUS is negative, we suggest further testing with either serial proximal
CUS (day 3 and day 7) (Grade 1B) or a sensitive
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D-dimer done at the time of presentation (Grade
2B) over no further testing for DVT. We recommend that patients with an initial negative
proximal CUS and a subsequent negative sensitive D-dimer or negative serial proximal CUS
undergo no further testing for DVT (Grade 1B)
and that patients with positive D-dimer have an
additional follow-up proximal CUS (day 3 and
day 7) rather than venography (Grade 1B) or
whole-leg US (Grade 2C).
5.3 Pretest Probability in Pregnancy-Related DVT
5.3. In pregnant patients with symptoms suggestive of isolated iliac vein thrombosis (swelling
of the entire leg, with or without flank, buttock,
or back pain) and no evidence of DVT on standard proximal CUS, we suggest further testing
with either Doppler US of the iliac vein (Grade
2C), venography (Grade 2C), or direct MRI
(Grade 2C), rather than standard serial CUS of
the proximal deep veins.
6.1 Ultrasonography in Patients With UpperExtremity DVT (UEDVT)
6.1. In patients suspected of having UEDVT, we
suggest initial evaluation with combined modality
US (compression with either Doppler or color
Doppler) over other initial tests, including highly
sensitive D-dimer or venography (Grade 2C).
6.2 Clinical Pretest Probability Assessment in Patients
With UEDVT
6.2. In patients with suspected UEDVT in whom
initial US is negative for thrombosis despite a
high clinical suspicion of DVT, we suggest further testing with a moderate or highly sensitive
D-dimer, serial US, or venographic-based imaging
(traditional, CT scan, or MRI), rather than no
further testing (Grade 2C).
In patients with suspected UEDVT and an initial negative combined-modality US and subsequent negative moderate or highly sensitive
D-dimer or CT or MRI, we recommend no further testing, rather than confirmatory venography (Grade 1C). We suggest that patients with
an initial combined negative modality US and
positive D-dimer or those with less than complete evaluation by US undergo venography
rather than no further testing, unless there is
an alternative explanation for their symptoms
(Grade 2B), in which case testing to evaluate for
the presence an alternative diagnosis should be
performed. We suggest that patients with a positive D-dimer or those with less than complete
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evaluation by US but an alternative explanation for their symptoms undergo confirmatory
testing and treatment of this alternative explanation rather than venography (Grade 2C).
Remarks: Further radiologic testing (serial US or
venographic-based imaging or CT/MR to seek an
alternative diagnosis) rather than d-dimer testing is
preferable in patients with comorbid conditions typically associated with elevated D-dimer levels.
Antithrombotic Therapy for VTE Disease
For further details, see Kearon et al.7
2.1 Initial Anticoagulation for Patients With Acute DVT
of the Leg
2.1. In patients with acute DVT of the leg treated
with VKA therapy, we recommend initial treatment with parenteral anticoagulation (LMWH,
fondaparinux, IV UFH, or SC UFH) over no
such initial treatment (Grade 1B).

Remarks: Patients at high risk for bleeding are more
likely to benefit from serial imaging. Patients who
place a high value on avoiding the inconvenience of
repeat imaging and a low value on the inconvenience
of treatment and on the potential for bleeding are
likely to choose initial anticoagulation over serial
imaging.
2.3.3. In patients with acute isolated distal DVT
of the leg who are managed with initial anticoagulation, we recommend using the same
approach as for patients with acute proximal
DVT (Grade 1B).
2.3.4. In patients with acute isolated distal DVT
of the leg who are managed with serial imaging,
we recommend no anticoagulation if the thrombus does not extend (Grade 1B); we suggest anticoagulation if the thrombus extends but remains
confined to the distal veins (Grade 2C); we recommend anticoagulation if the thrombus
extends into the proximal veins (Grade 1B).

2.2 Parenteral Anticoagulation Prior to Receipt of the
Results of Diagnostic Work-up for VTE

2.4 Timing of Initiation of VKA and Associated
Duration of Parenteral Anticoagulant Therapy

2.2.1. In patients with a high clinical suspicion of
acute VTE, we suggest treatment with parenteral
anticoagulants compared with no treatment while
awaiting the results of diagnostic tests (Grade 2C).

2.4. In patients with acute DVT of the leg, we
recommend early initiation of VKA (eg, same
day as parenteral therapy is started) over
delayed initiation, and continuation of parenteral anticoagulation for a minimum of 5 days
and until the international normalized ratio
(INR) is 2.0 or above for at least 24 h (Grade 1B).

2.2.2. In patients with an intermediate clinical
suspicion of acute VTE, we suggest treatment
with parenteral anticoagulants compared with
no treatment if the results of diagnostic tests
are expected to be delayed for more than 4 h
(Grade 2C).
2.2.3. In patients with a low clinical suspicion of
acute VTE, we suggest not treating with parenteral anticoagulants while awaiting the results
of diagnostic tests, provided test results are
expected within 24 h (Grade 2C).
2.3 Anticoagulation in Patients With Isolated Distal
DVT
2.3.1. In patients with acute isolated distal DVT
of the leg and without severe symptoms or risk
factors for extension, we suggest serial imaging
of the deep veins for 2 weeks over initial anticoagulation (Grade 2C).
2.3.2. In patients with acute isolated distal DVT
of the leg and severe symptoms or risk factors
for extension (see text), we suggest initial anticoagulation over serial imaging of the deep veins
(Grade 2C).
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2.5 Choice of Initial Anticoagulant Regimen in
Patients With Proximal DVT
2.5.1. In patients with acute DVT of the leg, we
suggest LMWH or fondaparinux over IV UFH
(Grade 2C) and over SC UFH (Grade 2B for
LMWH; Grade 2C for fondaparinux).
Remarks: Local considerations such as cost, availability, and familiarity of use dictate the choice
between fondaparinux and LMWH. LMWH and
fondaparinux are retained in patients with renal
impairment, whereas this is not a concern with UFH.
2.5.2. In patients with acute DVT of the leg
treated with LMWH, we suggest once- over
twice-daily administration (Grade 2C).
Remarks: This recommendation only applies when
the approved once-daily regimen uses the same
daily dose as the twice-daily regimen (ie, the oncedaily injection contains double the dose of each
twice-daily injection). It also places value on avoiding
an extra injection per day.
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2.7 At-Home vs In-Hospital Initial Treatment of Patients
With DVT
2.7. In patients with acute DVT of the leg and
whose home circumstances are adequate, we
recommend initial treatment at home over
treatment in hospital (Grade 1B).
Remarks: The recommendation is conditional on the
adequacy of home circumstances: well-maintained
living conditions, strong support from family or friends,
phone access, and ability to quickly return to the hospital if there is deterioration. It is also conditional on
the patient feeling well enough to be treated at home
(eg, does not have severe leg symptoms or comorbidity).
2.9 Catheter-Directed Thrombolysis for Patients With
Acute DVT
2.9. In patients with acute proximal DVT of the
leg, we suggest anticoagulant therapy alone over
catheter-directed thrombolysis (CDT) (Grade 2C).
Remarks: Patients who are most likely to benefit from
CDT (see text), who attach a high value to prevention of postthrombotic syndrome (PTS), and a lower
value to the initial complexity, cost, and risk of
bleeding with CDT, are likely to choose CDT over
anticoagulation alone.
2.10 Systemic Thrombolytic Therapy for Patients With
Acute DVT
2.10. In patients with acute proximal DVT of
the leg, we suggest anticoagulant therapy alone
over systemic thrombolysis (Grade 2C).
Remarks: Patients who are most likely to benefit from
systemic thrombolytic therapy (see text), who do
not have access to CDT, and who attach a high value
to prevention of PTS, and a lower value to the initial
complexity, cost, and risk of bleeding with systemic
thrombolytic therapy, are likely to choose systemic
thrombolytic therapy over anticoagulation alone.
2.11 Operative Venous Thrombectomy for Acute DVT
2.11. In patients with acute proximal DVT of the
leg, we suggest anticoagulant therapy alone over
operative venous thrombectomy (Grade 2C).
2.12 Anticoagulation in Patients Who Have Had Any
Method of Thrombus Removal Performed
2.12. In patients with acute DVT of the leg who
undergo thrombosis removal, we recommend
the same intensity and duration of anticoagulant therapy as in comparable patients who do
not undergo thrombosis removal (Grade 1B).
2.13 Vena Cava Filters for the Initial Treatment of
Patients With DVT
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2.13.1. In patients with acute DVT of the leg, we
recommend against the use of an IVC filter in
addition to anticoagulants (Grade 1B).
2.13.2. In patients with acute proximal DVT of the
leg and contraindication to anticoagulation, we
recommend the use of an IVC filter (Grade 1B).
2.13.3. In patients with acute proximal DVT of
the leg and an IVC filter inserted as an alternative to anticoagulation, we suggest a conventional course of anticoagulant therapy if their
risk of bleeding resolves (Grade 2B).
Remarks: We do not consider that a permanent
IVC filter, of itself, is an indication for extended
anticoagulation.
2.14 Early Ambulation of Patients With Acute DVT
2.14. In patients with acute DVT of the leg, we
suggest early ambulation over initial bed rest
(Grade 2C).
Remarks: If edema and pain are severe, ambulation
may need to be deferred. As per section 4.1, we suggest
the use of compression therapy in these patients.
3.0 Long-term Anticoagulation in Patients With Acute
DVT of the Leg
3.0. In patients with acute VTE who are treated
with anticoagulant therapy, we recommend longterm therapy (see section 3.1 for recommended
duration of therapy) over stopping anticoagulant therapy after about 1 week of initial therapy
(Grade 1B).
3.1 Duration of Long-term Anticoagulant Therapy
3.1.1. In patients with a proximal DVT of the leg
provoked by surgery, we recommend treatment
with anticoagulation for 3 months over (i) treatment of a shorter period (Grade 1B), (ii) treatment of a longer time-limited period (eg, 6 or
12 months) (Grade 1B), or (iii) extended therapy
(Grade 1B regardless of bleeding risk).
3.1.2. In patients with a proximal DVT of the leg
provoked by a nonsurgical transient risk factor,
we recommend treatment with anticoagulation
for 3 months over (i) treatment of a shorter
period (Grade 1B), (ii) treatment of a longer timelimited period (eg, 6 or 12 months) (Grade 1B),
and (iii) extended therapy if there is a high
bleeding risk (Grade 1B). We suggest treatment
with anticoagulation for 3 months over extended
therapy if there is a low or moderate bleeding
risk (Grade 2B).
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3.1.3. In patients with an isolated distal DVT
of the leg provoked by surgery or by a nonsurgical transient risk factor (see remark), we suggest treatment with anticoagulation for 3 months
over treatment of a shorter period (Grade 2C)
and recommend treatment with anticoagulation for 3 months over treatment of a longer timelimited period (eg, 6 or 12 months) (Grade 1B)
or extended therapy (Grade 1B regardless of
bleeding risk).

Remarks (3.1.3, 3.1.4, 3.1.4.3): Duration of treatment
of patients with isolated distal DVT refers to patients
in whom a decision has been made to treat with anticoagulant therapy; however, it is anticipated that not
all patients who are diagnosed with isolated distal
DVT will be given anticoagulants (see section 2.3). In
all patients who receive extended anticoagulant therapy,
the continuing use of treatment should be reassessed at
periodic intervals (eg, annually).

3.1.4. In patients with an unprovoked DVT of
the leg (isolated distal [see remark] or proximal),
we recommend treatment with anticoagulation
for at least 3 months over treatment of a shorter
duration (Grade 1B). After 3 months of treatment,
patients with unprovoked DVT of the leg should
be evaluated for the risk-benefit ratio of extended
therapy.

3.2. In patients with DVT of the leg who are
treated with VKA, we recommend a therapeutic
INR range of 2.0 to 3.0 (target INR of 2.5) over
a lower (INR , 2) or higher (INR 3.0-5.0) range
for all treatment durations (Grade 1B).

3.1.4.1. In patients with a first VTE that is an
unprovoked proximal DVT of the leg and who
have a low or moderate bleeding risk, we suggest
extended anticoagulant therapy over 3 months
of therapy (Grade 2B).

3.3.1. In patients with DVT of the leg and no cancer, we suggest VKA therapy over LMWH for
long-term therapy (Grade 2C). For patients with
DVT and no cancer who are not treated with VKA
therapy, we suggest LMWH over dabigatran or
rivaroxaban for long-term therapy (Grade 2C).

3.1.4.2. In patients with a first VTE that is an
unprovoked proximal DVT of the leg and who
have a high bleeding risk, we recommend
3 months of anticoagulant therapy over extended
therapy (Grade 1B).
3.1.4.3. In patients with a first VTE that is an
unprovoked isolated distal DVT of the leg (see
remark), we suggest 3 months of anticoagulant
therapy over extended therapy in those with a low
or moderate bleeding risk (Grade 2B) and recommend 3 months of anticoagulant treatment
in those with a high bleeding risk (Grade 1B).
3.1.4.4. In patients with a second unprovoked
VTE, we recommend extended anticoagulant
therapy over 3 months of therapy in those who
have a low bleeding risk (Grade 1B), and we suggest extended anticoagulant therapy in those
with a moderate bleeding risk (Grade 2B).
3.1.4.5. In patients with a second unprovoked
VTE who have a high bleeding risk, we suggest 3 months of anticoagulant therapy over
extended therapy (Grade 2B).
3.1.5. In patients with DVT of the leg and active
cancer, if the risk of bleeding is not high, we
recommend extended anticoagulant therapy
over 3 months of therapy (Grade 1B), and if there
is a high bleeding risk, we suggest extended
anticoagulant therapy (Grade 2B).
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3.2 Intensity of Anticoagulant Effect

3.3 Choice of Anticoagulant Regimen for Long-term
Therapy

3.3.2. In patients with DVT of the leg and cancer, we suggest LMWH over VKA therapy (Grade
2B). In patients with DVT and cancer who are
not treated with LMWH, we suggest VKA over
dabigatran or rivaroxaban for long-term therapy
(Grade 2B).
Remarks (3.3.1-3.3.2): Choice of treatment in patients
with and without cancer is sensitive to the individual
patient’s tolerance for daily injections, need for laboratory monitoring, and treatment costs. LMWH, rivaroxaban, and dabigatran are retained in patients with
renal impairment, whereas this is not a concern with
VKA. Treatment of VTE with dabigatran or rivaroxaban, in addition to being less burdensome to patients,
may prove to be associated with better clinical outcomes than VKA and LMWH therapy. When these
guidelines were being prepared (October 2011),
postmarketing studies of safety were not available.
Given the paucity of currently available data and that
new data are rapidly emerging, we give a weak recommendation in favor of VKA and LMWH therapy
over dabigatran and rivaroxaban, and we have not
made any recommendations in favor of one of the
new agents over the other.
3.4 Choice of Anticoagulant Regimen for Extended
Therapy
3.4. In patients with DVT of the leg who receive
extended therapy, we suggest treatment with the
Executive Summary

same anticoagulant chosen for the first 3 months
(Grade 2C).
3.5 Treatment of Patients With Asymptomatic DVT
of the Leg
3.5. In patients who are incidentally found to have
asymptomatic DVT of the leg, we suggest the same
initial and long-term anticoagulation as for comparable patients with symptomatic DVT (Grade 2B).
4.1 Compression Stockings and Bandages to Prevent
PTS
4.1. In patients with acute symptomatic DVT of
the leg, we suggest the use of compression stockings (Grade 2B).
Remarks: Compression stockings should be worn for
2 years, and we suggest beyond that if patients have
developed PTS and find the stockings helpful.
Patients who place a low value on preventing PTS or
a high value on avoiding the inconvenience and discomfort of stockings are likely to decline stockings.
4.2 Physical Treatment of Patients With PTS
4.2.1. In patients with PTS of the leg, we suggest a trial of compression stockings (Grade 2C).
4.2.2. In patients with severe PTS of the leg that
is not adequately relieved by compression stockings, we suggest a trial of an intermittent compression device (Grade 2B).
4.3 Pharmacologic Treatment of Patients With PTS
4.3. In patients with PTS of the leg, we suggest that
venoactive medications (eg, rutosides, defibrotide, and hidrosmin) not be used (Grade 2C).
Remarks: Patients who value the possibility of response
over the risk of side effects may choose to undertake a
therapeutic trial.
5.1 Initial Anticoagulation for Patients With Acute
Pulmonary Embolism (PE)
5.1. In patients with acute PE, we recommend
initial treatment with parenteral anticoagulation (LMWH, fondaparinux, IV UFH, or SC
UFH) over no such initial treatment (Grade 1B).
5.2 Parenteral Anticoagulation Prior to Receipt of the
Results of Diagnostic Work-up for PE
5.2.1. In patients with a high clinical suspicion
of acute PE, we suggest treatment with parenteral anticoagulants compared with no treatment while awaiting the results of diagnostic
tests (Grade 2C).
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5.2.2. In patients with an intermediate clinical
suspicion of acute PE, we suggest treatment
with parenteral anticoagulants compared with
no treatment if the results of diagnostic tests
are expected to be delayed for more than 4 h
(Grade 2C).
5.2.3. In patients with a low clinical suspicion of
acute PE, we suggest not treating with parenteral anticoagulants while awaiting the results
of diagnostic tests, provided test results are
expected within 24 h (Grade 2C).
5.3 Timing of Initiation of VKA and Associated
Duration of Parenteral Anticoagulant Therapy
5.3. In patients with acute PE, we recommend
early initiation of VKA (eg, same day as parenteral therapy is started) over delayed initiation,
and continuation of parenteral anticoagulation
for a minimum of 5 days and until the INR is 2.0
or above for at least 24 h (Grade 1B).
5.4 Choice of Initial Parenteral Anticoagulant Regimen
in Patients With PE
5.4.1. In patients with acute PE, we suggest
LMWH or fondaparinux over IV UFH (Grade 2C
for LMWH; Grade 2B for fondaparinux) and over
SC UFH (Grade 2B for LMWH; Grade 2C for
fondaparinux).
Remarks: Local considerations such as cost, availability,
and familiarity of use dictate the choice between
fondaparinux and LMWH. LMWH and fondaparinux
are retained in patients with renal impairment,
whereas this is not a concern with UFH. In patients
with PE where there is concern about the adequacy
of SC absorption or in patients in whom thrombolytic
therapy is being considered or planned, initial treatment with IV UFH is preferred to use of SC therapies.
5.4.2. In patients with acute PE treated with
LMWH, we suggest once- over twice-daily administration (Grade 2C).
Remarks: This recommendation only applies when
the approved once-daily regimen uses the same
daily dose as the twice-daily regimen (ie, the oncedaily injection contains double the dose of each
twice-daily injection). It also places value on avoiding
an extra injection per day.
5.5 Early vs Standard Discharge of Patients With
Acute PE
5.5. In patients with low-risk PE and whose
home circumstances are adequate, we suggest
early discharge over standard discharge (eg,
after first 5 days of treatment) (Grade 2B).
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Remarks: Patients who prefer the security of the hospital to the convenience and comfort of home are
likely to choose hospitalization over home treatment.
5.6 Systemic Thrombolytic Therapy for Patients With
PE
5.6.1.1. In patients with acute PE associated
with hypotension (eg, systolic BP , 90 mm Hg)
who do not have a high bleeding risk, we suggest systemically administered thrombolytic
therapy over no such therapy (Grade 2C).
5.6.1.2. In most patients with acute PE not associated with hypotension, we recommend against
systemically administered thrombolytic therapy
(Grade 1C).
5.6.1.3. In selected patients with acute PE not
associated with hypotension and with a low bleeding risk whose initial clinical presentation, or
clinical course after starting anticoagulant therapy, suggests a high risk of developing hypotension, we suggest administration of thrombolytic
therapy (Grade 2C).
5.6.2.1. In patients with acute PE, when a thrombolytic agent is used, we suggest short infusion
times (eg, a 2-h infusion) over prolonged infusion times (eg, a 24-h infusion) (Grade 2C).
5.6.2.2. In patients with acute PE when a thrombolytic agent is used, we suggest administration
through a peripheral vein over a pulmonary
artery catheter (Grade 2C).
5.7 Catheter-Based Thrombus Removal for the Initial
Treatment of Patients With PE
5.7. In patients with acute PE associated with
hypotension and who have (i) contraindications
to thrombolysis, (ii) failed thrombolysis, or (iii)
shock that is likely to cause death before systemic
thrombolysis can take effect (eg, within hours), if
appropriate expertise and resources are available, we suggest catheter-assisted thrombus
removal over no such intervention (Grade 2C).
5.8 Surgical Embolectomy for the Initial Treatment
of Patients With PE
5.8. In patients with acute PE associated with
hypotension, we suggest surgical pulmonary
embolectomy over no such intervention if they
have (i) contraindications to thrombolysis, (ii)
failed thrombolysis or catheter-assisted embolectomy, or (iii) shock that is likely to cause
death before thrombolysis can take effect (eg,
within hours), provided surgical expertise and
resources are available (Grade 2C).
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5.9. Vena Cava Filters for the Initial Treatment of
Patients With PE
5.9.1. In patients with acute PE who are treated
with anticoagulants, we recommend against the
use of an IVC filter (Grade 1B).
5.9.2. In patients with acute PE and contraindication to anticoagulation, we recommend the
use of an IVC filter (Grade 1B).
5.9.3. In patients with acute PE and an IVC
filter inserted as an alternative to anticoagulation, we suggest a conventional course of
anticoagulant therapy if their risk of bleeding
resolves (Grade 2B).
Remarks: We do not consider that a permanent
IVC filter, of itself, is an indication for extended
anticoagulation.
6.0 Long-term Treatment of Patients With PE
6.1. In patients with PE provoked by surgery,
we recommend treatment with anticoagulation
for 3 months over (i) treatment of a shorter
period (Grade 1B), (ii) treatment of a longer timelimited period (eg, 6 or 12 months) (Grade 1B),
or (iii) extended therapy (Grade 1B regardless of
bleeding risk).
6.2. In patients with PE provoked by a nonsurgical transient risk factor, we recommend
treatment with anticoagulation for 3 months
over (i) treatment of a shorter period (Grade 1B),
(ii) treatment of a longer time-limited period
(eg, 6 or 12 months) (Grade 1B), and (iii) extended
therapy if there is a high bleeding risk (Grade
1B). We suggest treatment with anticoagulation
for 3 months over extended therapy if there is a
low or moderate bleeding risk (Grade 2B).
6.3. In patients with an unprovoked PE, we recommend treatment with anticoagulation for at
least 3 months over treatment of a shorter duration (Grade 1B). After 3 months of treatment,
patients with unprovoked PE should be evaluated
for the risk-benefit ratio of extended therapy.
6.3.1. In patients with a first VTE that is an
unprovoked PE and who have a low or moderate bleeding risk, we suggest extended anticoagulant therapy over 3 months of therapy
(Grade 2B).
6.3.2. In patients with a first VTE that is an
unprovoked PE and who have a high bleeding
risk, we recommend 3 months of anticoagulant
therapy over extended therapy (Grade 1B).
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6.3.3. In patients with a second unprovoked
VTE, we recommend extended anticoagulant
therapy over 3 months of therapy in those who
have a low bleeding risk (Grade 1B), and we suggest extended anticoagulant therapy in those
with a moderate bleeding risk (Grade 2B).
6.3.4. In patients with a second unprovoked
VTE who have a high bleeding risk, we suggest
3 months of therapy over extended therapy
(Grade 2B).
6.4. In patients with PE and active cancer, if
there is a low or moderate bleeding risk, we
recommend extended anticoagulant therapy
over 3 months of therapy (Grade 1B), and if there
is a high bleeding risk, we suggest extended anticoagulant therapy (Grade 2B).
Remarks: In all patients who receive extended anticoagulant therapy, the continuing use of treatment
should be reassessed at periodic intervals (eg, annually).
6.5. In patients with PE who are treated with
VKA, we recommend a therapeutic INR range
of 2.0 to 3.0 (target INR of 2.5) over a lower
(INR , 2) or higher (INR 3.0-5.0) range for all
treatment durations (Grade 1B).
6.6. In patients with PE and no cancer, we suggest VKA therapy over LMWH for long-term
therapy (Grade 2C). For patients with PE and no
cancer who are not treated with VKA therapy,
we suggest LMWH over dabigatran or rivaroxaban for long-term therapy (Grade 2C).
6.7. In patients with PE and cancer, we suggest
LMWH over VKA therapy (Grade 2B). In patients
with PE and cancer who are not treated with
LMWH, we suggest VKA over dabigatran or
rivaroxaban for long-term therapy (Grade 2C).
Remarks (6.6-6.7): Choice of treatment in patients
with and without cancer is sensitive to the individual
patient’s tolerance for daily injections, need for laboratory monitoring, and treatment costs. Treatment of
VTE with dabigatran or rivaroxaban, in addition to
being less burdensome to patients, may prove to be
associated with better clinical outcomes than VKA
and LMWH therapy. When these guidelines were
being prepared (October 2011), postmarketing studies
of safety were not available. Given the paucity of currently available data and that new data are rapidly
emerging, we give a weak recommendation in favor
of VKA and LMWH therapy over dabigatran and
rivaroxaban, and we have not made any recommendation in favor of one of the new agents over the other.
www.chestpubs.org

6.8. In patients with PE who receive extended
therapy, we suggest treatment with the same
anticoagulant chosen for the first 3 months
(Grade 2C).
6.9. In patients who are incidentally found to
have asymptomatic PE, we suggest the same
initial and long-term anticoagulation as for
comparable patients with symptomatic PE
(Grade 2B).
7.1 Pulmonary Thromboendarterectomy, Anticoagulant
Therapy, and Vena Cava Filter for the Treatment of
Chronic Thromboembolic Pulmonary Hypertension
(CTPH)
7.1.1. In patients with CTPH, we recommend
extended anticoagulation over stopping therapy
(Grade 1B).
7.1.2. In selected patients with CTPH, such as
those with central disease under the care of
an experienced thromboendarterectomy team,
we suggest pulmonary thromboendarterectomy
over no pulmonary thromboendarterectomy
(Grade 2C).
8.1 Treatment of Patients With Superficial Vein
Thrombosis
8.1.1. In patients with superficial vein thrombosis of the lower limb of at least 5 cm in length,
we suggest the use of a prophylactic dose of
fondaparinux or LMWH for 45 days over no
anticoagulation (Grade 2B).
Remarks: Patients who place a high value on avoiding
the inconvenience or cost of anticoagulation and a
low value on avoiding infrequent symptomatic VTE
are likely to decline anticoagulation.
8.1.2. In patients with superficial vein thrombosis who are treated with anticoagulation, we
suggest fondaparinux 2.5 mg daily over a prophylactic dose of LMWH (Grade 2C).
9.1 Acute Anticoagulation for Patients With UEDVT
9.1.1. In patients with UEDVT that involves
the axillary or more proximal veins, we recommend acute treatment with parenteral anticoagulation (LMWH, fondaparinux, IV UFH,
or SC UFH) over no such acute treatment
(Grade 1B).
9.1.2. In patients with acute UEDVT that
involves the axillary or more proximal veins, we
suggest LMWH or fondaparinux over IV UFH
(Grade 2C) and over SC UFH (Grade 2B).
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9.2 Thrombolytic Therapy for the Initial Treatment
of Patients With UEDVT
9.2.1. In patients with acute UEDVT that
involves the axillary or more proximal veins, we
suggest anticoagulant therapy alone over thrombolysis (Grade 2C).

9.4 Prevention of PTS of the Arm
9.4. In patients with acute symptomatic UEDVT,
we suggest against the use of compression
sleeves or venoactive medications (Grade 2C).
9.5 Treatment of Patients With PTS of the Arm

Remarks: Patients who (i) are most likely to benefit
from thrombolysis (see text); (ii) have access to CDT;
(iii) attach a high value to prevention of PTS; and (iv)
attach a lower value to the initial complexity, cost,
and risk of bleeding with thrombolytic therapy are
likely to choose thrombolytic therapy over anticoagulation alone.

9.5.1. In patients who have PTS of the arm, we
suggest a trial of compression bandages or
sleeves to reduce symptoms (Grade 2C).

9.2.2. In patients with UEDVT who undergo
thrombolysis, we recommend the same intensity and duration of anticoagulant therapy as in
similar patients who do not undergo thrombolysis (Grade 1B).

10.0 Patients With Splanchnic Vein Thrombosis

9.3 Long-term Anticoagulation for Patients With
UEDVT
9.3.1. In most patients with UEDVT that is associated with a central venous catheter, we suggest that the catheter not be removed if it is
functional and there is an ongoing need for the
catheter (Grade 2C).
9.3.2. In patients with UEDVT that involves
the axillary or more proximal veins, we suggest
a minimum duration of anticoagulation of
3 months over a shorter period (Grade 2B).
Remarks: This recommendation also applies if the
UEDVT was associated with a central venous catheter that was removed shortly after diagnosis.
9.3.3. In patients who have UEDVT that is associated with a central venous catheter that is
removed, we recommend 3 months of anticoagulation over a longer duration of therapy in
patients with no cancer (Grade 1B), and we suggest this in patients with cancer (Grade 2C).
9.3.4. In patients who have UEDVT that is associated with a central venous catheter that is not
removed, we recommend that anticoagulation
is continued as long as the central venous catheter remains over stopping after 3 months of
treatment in patients with cancer (Grade 1C),
and we suggest this in patients with no cancer
(Grade 2C).
9.3.5. In patients who have UEDVT that is not
associated with a central venous catheter or with
cancer, we recommend 3 months of anticoagulation over a longer duration of therapy (Grade 1B).
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9.5.2. In patients with PTS of the arm, we suggest against treatment with venoactive medications (Grade 2C).

10.1. In patients with symptomatic splanchnic
vein thrombosis (portal, mesenteric, and/or
splenic vein thromboses), we recommend anticoagulation over no anticoagulation (Grade 1B).
10.2. In patients with incidentally detected
splanchnic vein thrombosis (portal, mesenteric, and/or splenic vein thromboses), we suggest no anticoagulation over anticoagulation
(Grade 2C).
11.0 Patients With Hepatic Vein Thrombosis
11.1. In patients with symptomatic hepatic vein
thrombosis, we suggest anticoagulation over no
anticoagulation (Grade 2C).
11.2. In patients with incidentally detected
hepatic vein thrombosis, we suggest no anticoagulation over anticoagulation (Grade 2C).
Treatment and Prevention of
Heparin-Induced Thrombocytopenia
For further details, see Linkins et al.8
2.1 Platelet Count Monitoring Combined With the
4Ts Score for Patients Receiving Heparin/LMWH
2.1.1. For patients receiving heparin in whom
clinicians consider the risk of heparin-induced
thrombocytopenia (HIT) to be . 1%, we suggest
that platelet count monitoring be performed
every 2 or 3 days from day 4 to day 14 (or until
heparin is stopped, whichever occurs first)
(Grade 2C).
2.1.2. For patients receiving heparin in whom
clinicians consider the risk of HIT to be , 1%,
we suggest that platelet counts not be monitored (Grade 2C).
Executive Summary

3.1 Discontinuation of Heparin or Initiation of VKAs
vs Treatment With Nonheparin Anticoagulants
3.1. In patients with HIT complicated by thrombosis
(HITT), we recommend the use of nonheparin
anticoagulants, in particular lepirudin, argatroban, and danaparoid, over the further use of
heparin or LMWH or initiation/continuation of
a VKA (Grade 1C).
3.2 Choice of Nonheparin Anticoagulants in Patients
With HITT
3.2.1. In patients with HITT who have normal
renal function, we suggest the use of argatroban
or lepirudin or danaparoid over other nonheparin anticoagulants (Grade 2C).
Remarks: Other factors not covered by our analysis,
such as drug availability, cost, and ability to monitor the
anticoagulant effect, may influence the choice of agent.
3.2.2. In patients with HITT and renal insufficiency, we suggest the use of argatroban over
other nonheparin anticoagulants (Grade 2C).
3.3 Platelet Transfusions
3.3 In patients with HIT and severe thrombocytopenia, we suggest giving platelet transfusions
only if bleeding or during the performance
of an invasive procedure with a high risk of
bleeding (Grade 2C).
3.4 Starting VKAs Before Platelet Recovery
3.4.1. In patients with strongly suspected or
confirmed HIT, we recommend against starting
VKA until platelets have substantially recovered
(ie, usually to at least 150 3 109/L) over starting
VKA at a lower platelet count and that the VKA
be initially given in low doses (maximum, 5 mg
of warfarin or 6 mg phenprocoumon) over using
higher doses (Grade 1C).
3.4.2. We further suggest that if a VKA has already
been started when a patient is diagnosed with
HIT, vitamin K should be administered (Grade 2C).

and until the INR is within the target range over
shorter periods of overlap and that the INR be
rechecked after the anticoagulant effect of the
nonheparin anticoagulant has resolved (Grade 1C).
4.1 Discontinuation of Heparin or Initiation of VKAs
vs Treatment With Nonheparin Anticoagulants
4.1. In patients with isolated HIT (HIT without
thrombosis), we recommend the use of lepirudin
or argatroban or danaparoid over the further use
of heparin or LMWH or initiation/continuation
of a VKA (Grade 1C).
4.2 Choice of Nonheparin Anticoagulants in Patients
With Isolated HIT
4.2. In patients with isolated HIT (HIT without
thrombosis) who have normal renal function,
we suggest the use of argatroban or lepirudin
or danaparoid over other nonheparin anticoagulants (Grade 2C).
Remarks: Other factors such as drug availability, cost,
and ability to monitor the anticoagulant effect may
influence the choice of agent. The dosing considerations are the same as for patients with HITT (see
section 3.2). For a recommendation on choice of
nonheparin anticoagulants in the setting of renal
insufficiency, see Recommendation 3.2.2.
5.1 Patients Who Require Urgent Cardiac Surgery
5.1.1. In patients with acute HIT (thrombocytopenic, HIT antibody positive) or subacute HIT
(platelets recovered but still HIT antibody positive) who require urgent cardiac surgery, we
suggest the use of bivalirudin over other nonheparin anticoagulants and over heparin plus
antiplatelet agents (Grade 2C).
5.1.2. In patients with acute HIT who require
nonurgent cardiac surgery, we recommend
delaying the surgery (if possible) until HIT has
resolved and HIT antibodies are negative (see
section 6.1) (Grade 2C).

Remarks: We place a high value on the prevention
of venous limb gangrene and a low value on the cost
of the additional days of the parental nonheparin
anticoagulant.

Remarks: Other factors not covered by our analysis,
such as drug availability, cost, and ability to monitor
the anticoagulant effect may influence the choice of
agent. For recommendations for patients with a past
history of HIT (. 3 months previous) who require
cardiac surgery, see section 6.1.

3.5 Discontinuation of Thrombin Inhibitor After a
Minimum of 5 Days of Overlap With VKAs

5.2 Patients Who Require Urgent Percutaneous
Coronary Interventions

3.5. In patients with confirmed HIT, we recommend that that the VKA be overlapped with a nonheparin anticoagulant for a minimum of 5 days

5.2. In patients with acute HIT or subacute HIT
who require percutaneous coronary interventions, we suggest the use of bivalirudin (Grade 2B)
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or argatroban (Grade 2C) over other nonheparin
anticoagulants.
Remarks: Other factors, such as drug availability,
cost, and ability to monitor the anticoagulant effect,
may influence the choice of agent.
5.3 Patients Who Require Renal Replacement Therapy
5.3.1. In patients with acute or subacute HIT
who require renal replacement therapy, we
suggest the use of argatroban or danaparoid
over other nonheparin anticoagulants (Grade 2C).
Remarks: We acknowledge that the cost of argatroban
may be prohibitive at some clinical centers. We further suggest that if the prothrombotic state of HIT
appears to have resolved (as seen by normalization of
the platelet count), saline flushes during dialysis would
be a reasonable option. This suggestion is based on
the presumed pathogenesis of thrombosis in this
condition and not on the results of clinical trials.
5.3.2. In patients with a past history of HIT who
require ongoing renal replacement therapy
or catheter locking, we suggest the use of
regional citrate over the use of heparin or
LMWH (Grade 2C).
5.4 Pregnant Patients
5.4. In pregnant patients with acute or subacute
HIT, we suggest danaparoid over other nonheparin anticoagulants (Grade 2C). We suggest
the use of lepirudin or fondaparinux only if
danaparoid is not available (Grade 2C).
Remarks: Other factors, such as drug availability,
cost, and ability to monitor the anticoagulant effect,
may influence the choice of agent.
6.1 Patients With a History of HIT Who Require
Cardiac Surgery
6.1.1. In patients with a history of HIT in whom
heparin antibodies have been shown to be
absent who require cardiac surgery, we suggest
the use of heparin (short-term use only) over
nonheparin anticoagulants (Grade 2C).
6.1.2. In patients with a history of HIT in whom
heparin antibodies are still present who require
cardiac surgery, we suggest the use of nonheparin anticoagulants (see 5.1.1) over heparin or
LMWH (Grade 2C).
6.2 Patients Who Require PCI
6.2. In patients with a history of HIT in whom
heparin antibodies have been shown to be
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absent who require cardiac catheterization or
percutaneous coronary interventions, the recommended treatment is the same as 5.2.
6.3 Patients Who Require Prophylaxis or Treatment
of Thrombosis
6.3. In patients with a past history of HIT who
have acute thrombosis (not related to HIT) and
normal renal function, we suggest the use of
fondaparinux at full therapeutic doses until
transition to a VKA can be achieved (Grade 2C).
Antithrombotic Therapy for
Atrial Fibrillation
For further details, see You et al.9
2.1 Patients With Nonrheumatic Atrial Fibrillation
(AF)
2.1.8. For patients with AF, including those with
paroxysmal AF, who are at low risk of stroke
(eg, CHADS2 [congestive heart failure, hypertension, age  75 years, diabetes mellitus, prior
stroke or transient ischemic attack] score 5 0),
we suggest no therapy rather than antithrombotic therapy (Grade 2B). For patients who do
choose antithrombotic therapy, we suggest aspirin (75 mg to 325 mg once daily) rather than
oral anticoagulation (Grade 2B) or combination
therapy with aspirin and clopidogrel (Grade 2B).
Remarks: Patients who place an exceptionally high
value on stroke reduction and a low value on avoiding
bleeding and the burden associated with antithrombotic therapy are likely to choose antithrombotic
therapy rather than no antithrombotic therapy. Other
factors that may influence the choices above are a
consideration of patient-specific bleeding risk and
the presence of additional risk factors for stroke,
including age 65 to 74 years and female gender, which
have been more consistently validated, and vascular
disease, which has been less well validated (see section 2.1.12). The presence of multiple non-CHADS2
risk factors for stroke may favor oral anticoagulation
therapy.
2.1.9. For patients with AF, including those with
paroxysmal AF, who are at intermediate risk of
stroke (eg, CHADS2 score 5 1), we recommend
oral anticoagulation rather than no therapy
(Grade 1B). We suggest oral anticoagulation
rather than aspirin (75 mg to 325 mg once
daily) (Grade 2B) or combination therapy with
aspirin and clopidogrel (Grade 2B). For patients
Executive Summary

who are unsuitable for or choose not to take an
oral anticoagulant (for reasons other than concerns about major bleeding), we suggest combination therapy with aspirin and clopidogrel
rather than aspirin (75 mg to 325 mg once daily)
(Grade 2B).
Remarks: Patients who place an exceptionally high
value on stroke reduction and a low value on avoiding
bleeding and the burden associated with anticoagulant therapy are likely to choose oral anticoagulation
rather than antiplatelet therapy. Other factors that
may influence the choice among antithrombotic
therapies are a consideration of bleeding risk and
the presence of additional risk factors for stroke,
including age 65 to 74 years and female gender,
which have been more consistently validated, and
vascular disease, which has been less well validated
(see section 2.1.12). The presence of multiple additional non-CHADS2 risk factors for stroke may favor
oral anticoagulation therapy.
2.1.10. For patients with AF, including those with
paroxysmal AF, who are at high risk of stroke
(eg, CHADS2 score 5 2), we recommend oral anticoagulation rather than no therapy (Grade 1A),
aspirin (75 mg to 325 mg once daily) (Grade 1B),
or combination therapy with aspirin and clopidogrel (Grade 1B). For patients who are unsuitable
for or choose not to take an oral anticoagulant
(for reasons other than concerns about major
bleeding), we recommend combination therapy
with aspirin and clopidogrel rather than aspirin
(75 mg to 325 mg once daily) (Grade 1B).
2.1.11. For patients with AF, including those
with paroxysmal AF, for recommendations
in favor of oral anticoagulation (including
2.1.9, 2.1.10, and excluding 2.2, 3.1, 3.2, 3.3),
we suggest dabigatran 150 mg twice daily rather
than adjusted-dose VKA therapy (target INR
range, 2.0-3.0) (Grade 2B).
Remarks: Dabigatran is excreted primarily by the
kidney. It has not been studied and is contraindicated in patients with severe renal impairment (estimated creatinine clearance of 30 mL/min or less).
Clinicians should be aware that there is no antidote
for dabigatran.
2.2 Patients With AF and Mitral Stenosis
2.2. For patients with AF and mitral stenosis, we
recommend adjusted-dose VKA therapy (target
INR range, 2.0-3.0) rather than no therapy,
aspirin (75 mg to 325 mg once daily), or combination therapy with aspirin and clopidogrel (all
www.chestpubs.org

Grade 1B). For patients with AF and mitral stenosis who are unsuitable for or choose not to
take adjusted-dose VKA therapy (for reasons
other than concerns about major bleeding), we
recommend combination therapy with aspirin
and clopidogrel rather than aspirin (75 mg to
325 mg once daily) alone (Grade 1B).
3.1 Patients With AF and Stable Coronary Artery
Disease
3.1. For patients with AF and stable coronary
artery disease (eg, no acute coronary syndrome
within the previous year) and who choose oral
anticoagulation, we suggest adjusted-dose VKA
therapy alone (target international normalized
ratio [INR] range, 2.0-3.0) rather than the combination of adjusted-dose VKA therapy and
aspirin (Grade 2C).
3.2 Patients With AF and Placement of an Intracoronary Stent
3.2. For patients with AF at high risk of stroke
(eg, CHADS2 score of 2 or greater) during the
first month after placement of a bare-metal
stent or the first 3 to 6 months after placement of a drug-eluting stent, we suggest triple
therapy (eg, VKA therapy, aspirin, and clopidogrel) rather than dual antiplatelet therapy
(eg, aspirin and clopidogrel) (Grade 2C). After
this initial period of triple therapy, we suggest
a VKA (INR 2.0-3.0) plus a single antiplatelet
drug rather than VKA alone (Grade 2C). At
12 months after intracoronary stent placement, antithrombotic therapy is suggested as
for patients with AF and stable coronary artery
disease (see section 3.1).
For patients with AF at low to intermediate risk
of stroke (eg, CHADS2 score of 0 or 1) during
the first 12 months after placement of an intracoronary stent (bare metal or drug eluting), we
suggest dual antiplatelet therapy rather than
triple therapy (Grade 2C). At 12 months after
intracoronary stent placement, antithrombotic
therapy is suggested as for patients with AF and
stable coronary artery disease (see section 3.1).
Remarks: Patients who place an exceptionally high
value on stroke reduction and a low value on avoiding bleeding and the burden associated with anticoagulant therapy are likely to choose triple therapy
rather than dual antiplatelet therapy. Other factors
that may influence this choice are a consideration of
bleeding risk and the presence of additional nonCHADS2 risk factors for stroke (see section 2.1.12).
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT

29S

3.3 Patients With AF and ACS Who Do Not Undergo
Intracoronary Stent Placement
3.3. For patients with AF at intermediate to high
risk of stroke (eg, CHADS2 score of 1 or greater)
who experience an acute coronary syndrome
and do not undergo intracoronary stent placement, we suggest for the first 12 months, adjusted-dose VKA therapy (INR 2.0-3.0) plus single
antiplatelet therapy rather than dual antiplatelet therapy (eg, aspirin and clopidogrel) or
triple therapy (eg, warfarin, aspirin, and clopidogrel) (Grade 2C). After the first 12 months,
antithrombotic therapy is suggested as for
patients with AF and stable coronary artery
disease (see section 3.1).
For patients with AF at low risk of stroke (eg,
CHADS2 score of 0), we suggest dual antiplatelet therapy (eg, aspirin and clopidogrel) rather
than adjusted-dose VKA therapy (INR 2.0-3.0)
plus single antiplatelet therapy or triple therapy
(eg, warfarin, aspirin, and clopidogrel) (Grade
2C). After the first 12 months, antithrombotic
therapy is suggested as for patients with AF and
stable coronary artery disease (see section 3.1).
Remarks: Patients who place an exceptionally high
value on stroke reduction and a low value on avoiding
bleeding and the burden associated with anticoagulant therapy are likely to choose adjusted-dose VKA
therapy plus single antiplatelet therapy rather than
dual antiplatelet therapy. Other factors that may
influence this choice are a consideration of bleeding
risk and the presence of additional non-CHADS2 risk
factors for stroke (see section 2.1.12).
3.4 Patients With AF Managed by a Rhythm Control
Strategy
3.4. For patients with AF being managed with a
rhythm control strategy (pharmacologic or catheter ablation), we suggest that antithrombotic
therapy decisions follow the general risk-based
recommendations for patients with AF in section 2.1, regardless of the apparent persistence
of normal sinus rhythm (Grade 2C).
3.5 Patients With Atrial Flutter
3.5. For patients with atrial flutter, we suggest
that antithrombotic therapy decisions follow
the same risk-based recommendations as for
AF.
4.1 Patients Undergoing Elective Cardioversion of AF
4.1.1. For patients with AF of greater than
48 h or unknown duration undergoing elective
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electrical or pharmacologic cardioversion,
we recommend therapeutic anticoagulation
(adjusted-dose VKA therapy, target INR range
2.0-3.0, low-molecular-weight heparin at full
venous thromboembolism treatment doses, or
dabigatran) for at least 3 weeks before cardioversion or a transesophageal echocardiography
(TEE)-guided approach with abbreviated anticoagulation before cardioversion rather than
no anticoagulation (Grade 1B). We recommend
therapeutic anticoagulation for at least 4 weeks
after successful cardioversion to sinus rhythm
rather than no anticoagulation, regardless of
the baseline risk of stroke (Grade 1B). Decisions
about anticoagulation beyond 4 weeks should
be made in accordance with our risk-based recommendations for long-term antithrombotic
therapy in section 2.1.
4.1.2. For patients with AF of documented
duration of 48 h or less undergoing elective
cardioversion (electrical or pharmacologic), we
suggest starting anticoagulation at presentation
(low-molecular-weight heparin or unfractionated heparin at full venous thromboembolism
treatment doses) and proceeding to cardioversion rather than delaying cardioversion
for 3 weeks of therapeutic anticoagulation or
a TEE-guided approach (Grade 2C). After successful cardioversion to sinus rhythm, we recommend therapeutic anticoagulation for at
least 4 weeks rather than no anticoagulation,
regardless of baseline stroke risk (Grade 2C).
Decisions about long-term anticoagulation
after cardioversion should be made in accordance with our risk-based recommendations
for long-term antithrombotic therapy in section 2.1.
4.2 Patients Undergoing Urgent Cardioversion for
Hemodynamically Unstable AF
4.2. For patients with AF and hemodynamic
instability undergoing urgent cardioversion
(electrical or pharmacologic), we suggest that
therapeutic-dose parenteral anticoagulation
be started before cardioversion, if possible
(Grade 2C), but that initiation of anticoagulation must not delay any emergency intervention
(Grade 2C). After successful cardioversion to
sinus rhythm, we suggest therapeutic anticoagulation for at least 4 weeks after successful
cardioversion to sinus rhythm rather than no
anticoagulation, regardless of baseline stroke
risk (Grade 2C). Decisions about anticoagulation beyond 4 weeks should be made in accordance with our risk-based recommendations
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for long-term antithrombotic therapy in section 2.1.
4.3 Patients Undergoing Elective or Urgent
Cardioversion for Atrial Flutter
4.3. For patients with atrial flutter undergoing
elective or urgent pharmacologic or electrical
cardioversion, we suggest that the same
approach to thromboprophylaxis be used as
for patients with atrial fibrillation undergoing
cardioversion.

Antithrombotic and Thrombolytic
Therapy for Valvular Disease
For further details, see Whitlock et al.10
2.0 Patients With Rheumatic Mitral Valve Disease
2.0.1. In patients with rheumatic mitral valve
disease and normal sinus rhythm with a left
atrial diameter , 55 mm we suggest not using
antiplatelet or VKA therapy (Grade 2C).
2.0.2. In patients with rheumatic mitral valve
disease and normal sinus rhythm with a left
atrial diameter . 55 mm, we suggest VKA therapy (target INR, 2.5; range, 2.0-3.0) over no
VKA therapy or antiplatelet (Grade 2C).
2.0.3. For patients with rheumatic mitral valve
disease complicated by the presence of left
atrial thrombus, we recommend VKA therapy
(target INR, 2.5; range, 2.0-3.0) over no VKA
therapy (Grade 1A).
2.0.4. For patients with rheumatic mitral valve
disease complicated singly or in combination by
the presence of atrial fibrillation or previous
systemic embolism, we recommend VKA therapy
(target INR, 2.5; range, 2.0-3.0) over no VKA
therapy (Grade 1A).
2.1 Patients With Rheumatic Mitral Valve Disease
Undergoing Percutaneous Mitral Balloon Valvotomy
(PMBV)
2.1.1. For patients being considered for PMBV
with preprocedural TEE showing left atrial
thrombus, we recommend postponement of
PMBV and that VKA therapy (target INR, 3.0;
range, 2.5-3.5) be administered until thrombus
resolution is documented by repeat TEE over
no VKA therapy (Grade 1A).
2.1.2. For patients being considered for PMBV
with preprocedural TEE showing left atrial
www.chestpubs.org

thrombus, if the left atrial thrombus does not
resolve with VKA therapy, we recommend that
PMBV not be performed (Grade 1A).
6.2.1. In patients with asymptomatic patent
foramen ovale (PFO) or atrial septal aneurysm, we
suggest against antithrombotic therapy (Grade 2C).
6.2 Patients With PFO and Atrial Septal Aneurysm
6.2.2. In patients with cryptogenic stroke and
PFO or atrial septal aneurysm, we recommend aspirin (50-100 mg/d) over no aspirin
(Grade 1A).
6.2.3. In patients with cryptogenic stroke and
PFO or atrial septal aneurysm, who experience
recurrent events despite aspirin therapy, we
suggest treatment with VKA therapy (target
INR, 2.5; range, 2.0-3.0) and consideration of
device closure over aspirin therapy (Grade 2C).
6.2.4. In patients with cryptogenic stroke and
PFO, with evidence of DVT, we recommend
VKA therapy for 3 months (target INR, 2.5;
range, 2.0-3.0) (Grade 1B) and consideration of
device closure over no VKA therapy or aspirin
therapy (Grade 2C).
7.1 Role of Anticoagulants and Antiplatelet Agents in
Patients With Native Valve Endocarditis
7.1.1. In patients with infective endocarditis
(IE), we recommend against routine anticoagulant therapy, unless a separate indication exists
(Grade 1C).
7.1.2. In patients with IE, we recommend
against routine antiplatelet therapy, unless a
separate indication exists (Grade 1B).
7.2 Role of Anticoagulants in Patients With Prosthetic
Valve Endocarditis
7.2. In patients on VKA for a prosthetic valve
who develop IE, we suggest VKA be discontinued at the time of initial presentation until it
is clear that invasive procedures will not be
required and the patient has stabilized without
signs of CNS involvement. When the patient is
deemed stable without contraindications or neurologic complications, we suggest reinstitution
of VKA therapy (Grade 2C).
7.3 Patients With Nonbacterial Thrombotic Endocarditis
7.3. In patients with nonbacterial thrombotic
endocarditis and systemic or pulmonary emboli,
we suggest treatment with full-dose IV UFH or
SC LMWH over no anticoagulation (Grade 2C).
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8.2 Antithrombotic Therapy in the First 3 Months
After Surgery

3.0 (range, 2.5-3.5) over lower INR targets
(Grade 2C).

8.2.1. In patients with aortic bioprosthetic
valves, who are in sinus rhythm and have no
other indication for VKA therapy, we suggest
aspirin (50-100 mg/d) over VKA therapy in the
first 3 months (Grade 2C).

9.5 Intensity of VKA Therapy in Patients With Double
Mechanical Valve or With Additional Risk Factors

8.2.2. In patients with transcatheter aortic bioprosthetic valves, we suggest aspirin (50-100 mg/d)
plus clopidogrel (75 mg/d) over VKA therapy
and over no antiplatelet therapy in the first
3 months (Grade 2C).
8.2.3. In patients with a bioprosthetic valve in
the mitral position, we suggest VKA therapy
(target INR, 2.5; range, 2.0-3.0) over no VKA
therapy for the first 3 months after valve insertion (Grade 2C).
8.3 Long-term Antithrombotic Therapy for Patients
With Bioprosthetic Valves
8.3. In patients with bioprosthetic valves in normal sinus rhythm, we suggest aspirin therapy
over no aspirin therapy after 3 months postoperative (Grade 2C).

9.5. In patients with mechanical heart valves in
both the aortic and mitral position, we suggest
target INR 3.0 (range 2.5-3.5) over target INR
2.5 (range 2.0-3.0) (Grade 2C).
9.6 Antiplaelet Agent in Addition to VKA Therapy for
Patients With Mechanical Aortic or Mitral Valve
Prostheses
9.6. In patients with a mechanical mitral or aortic valve at low risk of bleeding, we suggest adding over not adding an antiplatelet agent such
as low-dose aspirin (50-100 mg/d) to the VKA
therapy (Grade 1B).
Remarks: Caution should be used in patients at
increased bleeding risk, such as history of GI bleeding.
9.7 Antiplatelet Agent Therapy Instead of VKA Therapy
9.7. For patients with mechanical aortic or
mitral valves we recommend VKA over antiplatelet agents (Grade 1B).

9.1 Early Postoperative Bridging to Intermediate/
Long-term Therapy (Postoperative Day 0 to 5)

10.1 Antithrombotic Therapy After Mitral Valve
Repair

9.1. In patients with mechanical heart valves, we
suggest bridging with unfractionated heparin
(UFH, prophylactic dose) or LMWH (prophylactic or therapeutic dose) over IV therapeutic
UFH until stable on VKA therapy (Grade 2C).

10.1. In patients undergoing mitral valve repair
with a prosthetic band in normal sinus rhythm,
we suggest the use of antiplatelet therapy for
the first 3 months over VKA therapy (Grade 2C).

9.2 Long-term Antithrombotic Therapy for Patients
With Mechanical Valves
9.2. In patients with mechanical heart valves,
we recommend VKA therapy over no VKA
therapy for long-term management (Grade 1B).
9.3 Intensity of VKA Therapy for Patients With
Mechanical Aortic Valve Prostheses
9.3.1. In patients with a mechanical aortic valve,
we suggest VKA therapy with a target of 2.5
(range, 2.0-3.0) over lower targets (Grade 2C).
9.3.2. In patients with a mechanical aortic
valve, we recommend VKA therapy with a target of 2.5 (range 2.0-3.0) over higher targets
(Grade 1B).

10.2 Patients Undergoing Aortic Valve Repair
10.2. In patients undergoing aortic valve repair,
we suggest aspirin at 50 to 100 mg/d over VKA
therapy (Grade 2C).
11.1 Patients With Right-Sided Prosthetic Valve
Thrombosis
11.1. For patients with right-sided prosthetic
valve thrombosis (PVT), in the absence of contraindications we suggest administration of
fibrinolytic therapy over surgical intervention
(Grade 2C).
11.2 Patients With Left-Sided Prosthetic Valve
Thrombosis

9.4 Intensity of VKA Therapy for Patients With
Mechanical Mitral Valve Prostheses

11.2.1. For patients with left-sided PVT and large
thrombus area ( 0.8 cm2), we suggest early surgery over fibrinolytic therapy (Grade 2C). If contraindications to surgery exist, we suggest the
use of fibrinolytic therapy (Grade 2C).

9.4. In patients with a mechanical mitral valve,
we suggest VKA therapy with a target of

11.2.2. For patients with left-sided PVT and
small thrombus area (, 0.8 cm2), we suggest
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administration of fibrinolytic therapy over
surgery. For very small, nonobstructive thrombus
we suggest IV UFH accompanied by serial Doppler echocardiography to document thrombus
resolution or improvement over other alternatives (Grade 2C).
Antithrombotic and Thrombolytic
Therapy for Ischemic Stroke
For further details, see Lansberg et al.11
2.1 IV Recombinant Tissue Plasminogen Activator
(r-tPA) for Patients With Acute Ischemic Stroke
2.1.1. In patients with acute ischemic stroke in
whom treatment can be initiated within 3 h of
symptom onset, we recommend IV r-tPA over
no IV r-tPA (Grade 1A).
2.1.2. In patients with acute ischemic stroke in
whom treatment can be initiated within 4.5 but
not within 3 h of symptom onset, we suggest IV
r-tPA over no IV r-tPA (Grade 2C).
2.1.3. In patients with acute ischemic stroke in
whom treatment cannot be initiated within 4.5 h
of symptom onset, we recommend against IV
r-tPA (Grade 1B).
2.2 Intraarterial Thrombolysis in Patients With
Acute Ischemic Stroke
2.2.1. In patients with acute ischemic stroke due
to proximal cerebral artery occlusions who do
not meet eligibility criteria for treatment with
IV r-tPA, we suggest intraarterial (IA) r-tPA
initiated within 6 h of symptom onset over no
IA r-tPA (Grade 2C).
2.2.2. In patients with acute ischemic stroke we
suggest IV r-tPA over the combination IV/IA
r-tPA (Grade 2C).
Remarks: Carefully selected patients who value the
uncertain benefits of combination IV/IA thrombolysis higher than the associated risks may choose
this intervention. Patients who prefer to avoid risk in
the setting of uncertain benefits are more likely to
choose IV r-tPA alone.
2.3 Mechanical Thrombectomy in Patients With
Acute Ischemic Stroke
2.3. In patients with acute ischemic stroke, we
suggest against the use of mechanical thrombectomy (Grade 2C).
Remarks: Carefully selected patients who value
the uncertain benefit of mechanical thrombectomy
www.chestpubs.org

higher than the associated risks may choose this
intervention.
2.4 Aspirin in Patients With Acute Ischemic Stroke
2.4. In patients with acute ischemic stroke or
transient ischemic attack (TIA), we recommend
early (within 48 h) aspirin therapy at a dose of
160 to 325 mg over no aspirin therapy (Grade 1A).
2.5 Anticoagulation in Patients With Acute Ischemic
Stroke
2.5. In patients with acute ischemic stroke or
TIA, we recommend early (within 48 h) aspirin
therapy with an initial dose of 160 to 325 mg
over therapeutic parenteral anticoagulation
(Grade 1A).
3.1 VTE Prevention in Patients With Ischemic Stroke
3.1.1. In patients with acute ischemic stroke
and restricted mobility, we suggest prophylacticdose SC UFH or LMWH or intermittent pneumatic compression devices over no prophylaxis
(Grade 2B).
3.1.2. In patients with acute ischemic stroke and
restricted mobility, we suggest prophylactic-dose
LMWH over prophylactic-dose UFH (Grade 2B).
3.1.3. In patients with acute stroke and restricted
mobility, we suggest against elastic compression
stockings (Grade 2B).
Remarks: Pharmacologic and mechanical prophylaxis should be initiated as early as possible and should
be continued throughout the hospital stay or until
the patient has regained mobility. Mechanical devices
should be temporarily removed as often as needed
to allow for early mobilization and screening for
skin complications.
Combining pharmacologic therapy with intermittent
pneumatic compression devices may yield additional
benefit in prevention of VTEs compared with either
method used alone.
3.2 VTE Prevention in Patients With Hemorrhagic
Stroke
3.2.1. In patients with acute primary intracerebral hemorrhage and restricted mobility, we
suggest prophylactic-dose SC heparin (UFH or
LMWH) started between days 2 and 4 or intermittent pneumatic compression devices over
no prophylaxis (Grade 2C).
3.2.2. In patients with acute primary intracerebral hemorrhage and restricted mobility,
we suggest prophylactic-dose LMWH over
prophylactic-dose UFH (Grade 2B).
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3.2.3. In patients with primary intracerebral
hemorrhage and restricted mobility, we suggest
against elastic compression stockings (Grade 2B).
Remarks: Patients who prefer to avoid a theoretically increased risk of rebleeding with heparin
would favor mechanical prophylaxis with intermittent pneumatic compression devices over pharmacologic prophylaxis.
Combining pharmacologic therapy with intermittent pneumatic compression devices may yield additional benefit in prevention of VTEs compared with
either method used alone.
4.1 Antithrombotic Therapy for the Secondary
Prevention of Noncardioembolic Stroke
4.1.1. In patients with a history of noncardioembolic ischemic stroke or TIA, we recommend
long-term treatment with aspirin (75-100 mg once
daily), clopidogrel (75 mg once daily), aspirin/
extended-release dipyridamole (25 mg/200 mg
bid), or cilostazol (100 mg bid) over no antiplatelet therapy (Grade 1A), oral anticoagulants
(Grade 1B), the combination of clopidogrel plus
aspirin (Grade 1B), or triflusal (grade 2B).
4.1.2. Of the recommended antiplatelet regimens,
we suggest clopidogrel or aspirin/extendedrelease dipyridamole over aspirin (Grade 2B) or
cilostazol (Grade 2C).
Remarks: With long-term use (. 5 y), the benefit of
clopidogrel over aspirin in preventing major vascular
events may be offset by a reduction in cancer-related
mortality with regimens that contain aspirin.
4.2 Antithrombotic Therapy for the Secondary
Prevention of Cardioembolic Stroke
4.2.1. In patients with a history of ischemic
stroke or TIA and AF, including paroxysmal
AF, we recommend oral anticoagulation over
no antithrombotic therapy (Grade 1A), aspirin
(Grade 1B), or combination therapy with aspirin
and clopidogrel (Grade 1B).

recommend combination therapy with aspirin
and clopidogrel over aspirin (Grade 1B).
Remarks: Patients should be treated (ie, bridged)
with aspirin until anticoagulation has reached a
therapeutic level.
Oral anticoagulation should generally be initiated
within 1 to 2 weeks after stroke onset. Earlier anticoagulation can be considered for patients at low
risk of bleeding complications (eg, those with a small
infarct burden and no evidence of hemorrhage on
brain imaging). Delaying anticoagulation should be
considered for patients at high risk of hemorrhagic
complications (eg, those with extensive infarct burden or evidence of significant hemorrhagic transformation on brain imaging).
Dabigatran is excreted primarily by the kidney. It has
not been studied and is contraindicated in patients
with severe renal impairment (estimated creatinine
clearance of 30 mL/min or less).
4.3 Antithrombotic Therapy for Stroke Prevention in
Patients With a History of Intracerebral Hemorrhage
(ICH)
4.3. In patients with a history of a symptomatic
primary ICH, we suggest against the long-term
use of antithrombotic therapy for the prevention of ischemic stroke (Grade 2C).
Remarks: Patients who might benefit from antithrombotic therapy are those at relatively low risk of recurrent ICH (eg, with deep hemorrhages) and relatively
high risk (. 7% per year) of thromboembolic events
(eg, with mechanical heart valves or CHADS2 (Congestive heart failure, Hypertension, Age . 75, Diabetes
mellitus, Stroke or TIA) score . 4 points).
5.1 Anticoagulation for Patients With Symptomatic
Cerebral Venous Sinus Thrombosis
5.1. In patients with cerebral venous sinus
thrombosis, we suggest anticoagulation over
no anticoagulant therapy during the acute and
chronic phases (Grade 2C).

4.2.2. In patients with a history of ischemic
stroke or TIA and atrial fibrillation, including
paroxysmal AF, we suggest oral anticoagulation
with dabigatran 150 mg bid over adjusted-dose
VKA therapy (target range, 2.0-3.0) (Grade 2B).

Remarks: Patients with a history of ICH who might
benefit from antithrombotic therapy are those at relatively low risk of recurrent ICH (eg, with deep hemorrhages) and relatively high risk (. 7% per year) of
cardiac thromboembolic events (eg, with mechanical
heart valves or CHADS2 score . 4 points).

4.2.3. In patients with a history of ischemic
stroke or TIA and atrial fibrillation, including
paroxysmal AF, who are unsuitable for or choose
not to take an oral anticoagulant (for reasons
other than concerns about major bleeding), we

The Primary and Secondary Prevention
of Cardiovascular Disease
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For further details, see Vandvik et al.12
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2.0 Primary Prevention of Cardiovascular Disease
2.1. For persons aged 50 years or older without
symptomatic cardiovascular disease, we suggest
low-dose aspirin 75 to 100 mg daily over no
aspirin therapy (Grade 2B).
Remarks: Aspirin slightly reduces total mortality
regardless of cardiovascular risk profile if taken over
10 years. In people at moderate to high risk of cardiovascular events, the reduction in myocardial infarction (MI) is closely balanced with an increase in major
bleeds. Whatever their risk status, people who are
averse to taking medication over a prolonged time period
for very small benefits will be disinclined to use aspirin
for primary prophylaxis. Individuals who value preventing an MI substantially higher than avoiding a GI
bleed will be, if they are in the moderate or high cardiovascular risk group, more likely to choose aspirin.
3.1 Choice of Long-term Antithrombotic Therapy in
Patients With Established Coronary Artery Disease (CAD)
3.1.1-3.1.5. For patients with established coronary
artery disease (CAD), defined as patients 1-year
post-acute coronary syndrome (ACS), with prior
revascularization, coronary stenoses . 50% by
coronary angiogram, and/or evidence for cardiac
ischemia on diagnostic testing, (including patients
after the first year post-ACS and/or with prior
coronary artery bypass graft [CABG] surgery):
• We recommend long-term single antiplatelet therapy with aspirin 75 to 100 mg daily
or clopidogrel 75 mg daily over no antiplatelet therapy (Grade 1A).
• We suggest single over dual antiplatelet therapy with aspirin plus clopidogrel (Grade 2B).
3.2 Choice of Antithrombotic Therapy Following ACS
3.2.1-3.2.5. For patients in the first year after an
ACS who have not undergone percutaneous
coronary intervention (PCI):
• We recommend dual antiplatelet therapy
(ticagrelor 90 mg twice daily plus low-dose
aspirin 75-100 mg daily or clopidogrel 75 mg
daily plus low-dose aspirin 75-100 mg daily)
over single antiplatelet therapy (Grade 1B).
• We suggest ticagrelor 90 mg twice daily
plus low-dose aspirin over clopidogrel 75 mg
daily plus low-dose aspirin (Grade 2B).
For patients in the first year after an ACS who
have undergone PCI with stent placement:
• We recommend dual antiplatelet therapy
(ticagrelor 90 mg twice daily plus low-dose
aspirin 75-100 mg daily, clopidogrel 75 mg
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daily plus low-dose aspirin, or prasugrel
10 mg daily plus low-dose aspirin over
single antiplatelet therapy) (Grade 1B).
Remarks: Evidence suggests that prasugrel results in
no benefit net harm in patients with a body weight
of , 60 kg, age . 75 years, or with a previous stroke/
transient ischemic attack.
• We suggest ticagrelor 90 mg twice daily
plus low-dose aspirin over clopidogrel
75 mg daily plus low-dose aspirin (Grade 2B).
For patients with ACS who undergo PCI with
stent placement, we refer to sections 4.3.1 to
4.3.5 for recommendations concerning minimum
and prolonged duration of treatment.
3.2.6-3.2.7. For patients with anterior MI and left
ventricular (LV) thrombus, or at high risk for LV
thrombus (ejection fraction , 40%, anteroapical
wall motion abnormality), who do not undergo
stenting:
• We recommend warfarin (INR 2.0-3.0) plus
low-dose aspirin 75 to 100 mg daily over
single antiplatelet therapy or dual antiplatelet
therapy for the first 3 months (Grade 1B).
Thereafter, we recommend discontinuation
of warfarin and continuation of dual antiplatelet therapy for up to 12 months as per
the ACS recommendations (see recommendations 3.2.1-3.2.5). After 12 months, single
antiplatelet therapy is recommended as
per the established CAD recommendations
(see recommendations 3.1.1-3.1.5).
For patients with anterior MI and LV thrombus,
or at high risk for LV thrombus (ejection fraction , 40%, anteroapical wall motion abnormality), who undergo bare-metal stent (BMS)
placement:
• We suggest triple therapy (warfarin [INR
2.0-3.0], low-dose aspirin, clopidogrel 75 mg
daily) for 1 month over dual antiplatelet
therapy (Grade 2C).
• We suggest warfarin (INR 2.0-3.0) and single
antiplatelet therapy for the second and third
month post-BMS over alternative regimens
and alternative time frames for warfarin
use (Grade 2C). Thereafter, we recommend
discontinuation of warfarin and use of dual
antiplatelet therapy for up to 12 months as
per the ACS recommendations (see recommendations 3.2.1-3.2.5). After 12 months,
antiplatelet therapy is recommended as
per the established CAD recommendations
(see recommendations 3.1.1-3.1.5).
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For patients with anterior MI and LV thrombus,
or at high risk for LV thrombus (ejection fraction , 40%, anteroapical wall motion abnormality) who undergo drug-eluting stent (DES)
placement:
• We suggest triple therapy (warfarin INR
2.0-3.0, low-dose aspirin, clopidogrel 75 mg
daily) for 3 to 6 months over alternative
regimens and alternative durations of warfarin therapy (Grade 2C). Thereafter, we
recommend discontinuation of warfarin and
continuation of dual antiplatelet therapy for
up to 12 months as per the ACS recommendations (see recommendations 3.2.1-3.2.5).
After 12 months, antiplatelet therapy is
recommended as per the established CAD
recommendations (see recommendations
3.1.1-3.1.5).
4.0 Antithrombotic Therapy Following Elective PCI
4.1.1-4.3.5. For patients who have undergone
elective PCI with placement of BMS:
• For the first month, we recommend dual
antiplatelet therapy with aspirin 75 to
325 mg daily and clopidogrel 75 mg daily
over single antiplatelet therapy (Grade 1A).
• For the subsequent 11 months, we suggest
dual antiplatelet therapy with combination
of low-dose aspirin 75 to 100 mg daily and
clopidogrel 75 mg daily over single antiplatelet therapy (Grade 2C).
• After 12 months, we recommend single
antiplatelet therapy over continuation of
dual antiplatelet therapy (Grade 1B).
For patients who have undergone elective PCI
with placement of DES:
• For the first 3 to 6 months, we recommend
dual antiplatelet therapy with aspirin 75 to
325 mg daily and clopidogrel 75 mg daily
over single antiplatelet therapy (Grade 1A).
Remarks: Absolute minimum duration will vary based
on stent type (in general, 3 months for -limus stents
and 6 months for -taxel stents).
• After 3 to 6 months, we suggest continuation of dual antiplatelet therapy with lowdose aspirin 75 to 100 mg and clopidogrel
(75 mg daily) until 12 months over single
antiplatelet therapy (Grade 2C).
• After 12 months, we recommend single antiplatelet therapy over continuation of dual
antiplatelet therapy (Grade 1B). Single antiplatelet therapy thereafter is recommended
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as per the established CAD recommendations (see recommendations 3.1.1-3.1.5).
For patients who have undergone elective BMS
or DES stent placement:
• We recommend using low-dose aspirin 75
to 100 mg daily and clopidogrel 75 mg daily
alone rather than cilostazol in addition to
these drugs (Grade 1B).
• We suggest aspirin 75 to 100 mg daily or
clopidogrel 75 mg daily as part of dual antiplatelet therapy rather than the use of
either drug with cilostazol (Grade 1B).
• We suggest cilostazol 100 mg twice daily as
substitute for either low-dose aspirin 75 to
100 mg daily or clopidogrel 75 mg daily
as part of a dual antiplatelet regimen in
patients with an allergy or intolerance of
either drug class (Grade 2C).
For patients with CAD undergoing elective PCI
but no stent placement:
• We suggest for the first month dual antiplatelet therapy with aspirin 75 to 325 mg daily
and clopidogrel 75 mg daily over single antiplatelet therapy (Grade 2C). Single antiplatelet therapy thereafter is recommended as
per the established CAD recommendations
(see recommendations 3.1.1-3.1.5).
5.0 Antithrombotic Therapy in Patients With Systolic
LV Dysfunction
5.1-5.3. For patients with systolic LV dysfunction without established CAD and no LV thrombus, we suggest not to use antiplatelet therapy
or warfarin (Grade 2C).
Remarks: Patients who place a high value on an
uncertain reduction in stroke and a low value on
avoiding an increased risk of GI bleeding are likely to
choose to use warfarin.
For patients with systolic LV dysfunction without established CAD with identified acute
LV thrombus (eg, Takotsubo cardiomyopathy),
we suggest moderate-intensity warfarin (INR
2.0-3.0) for at least 3 months (Grade 2C).
For patients with systolic LV dysfunction and
established CAD, recommendations are as per
the established CAD recommendations (see recommendations 3.1.1-3.1.5).

Antithrombotic Therapy in
Peripheral Artery Disease
For further details, see Alonso-Coello et al.13
Executive Summary

2.0 Primary Prevention of Cardiovascular Events
in Patients with Asymptomatic PAD

than avoidance of a high likelihood of drug-related
side effects will be disinclined to take prostanoids.

2.1. For persons with asymptomatic peripheral
arterial disease (PAD), we suggest aspirin 75 to
100 mg daily over no aspirin therapy (Grade 2B).

6.0 Acute Limb Ischemia

Remarks: Aspirin slightly reduces total mortality
regardless of cardiovascular risk profile if taken over
10 years. In people at moderate to high risk of cardiovascular events, the reduction in myocardial infarction (MI) is closely balanced with an increase in major
bleeds. Whatever their risk status, people who are
averse to taking medication over a prolonged time
period for very small benefits will be disinclined to
use aspirin for primary prophylaxis. Individuals who
value preventing an MI substantially higher than
avoiding a GI bleed, if they are in the moderate or
high cardiovascular risk group, will be more likely to
choose aspirin.
3.0 Secondary Prevention of Cardiovascular Events
in Patients with Symptomatic PAD
3.1-3.4. For secondary prevention patients with
symptomatic PAD, we recommend one of the
two following antithrombotic regimens to be
continued long term over no antithrombotic
treatment: aspirin 75 to 100 mg daily or clopidogrel 75 mg daily (all Grade 1A). We suggest not
to use dual antiplatelet therapy with aspirin plus
clopidogrel (Grade 2B). We recommend not to
use an antiplatelet agent with moderate-intensity warfarin (Grade 1B).
4.0 Antithrombotic Therapy for the Management of
Patients with Claudication
4.1-4.4. For patients with intermittent claudication refractory to exercise therapy (and smoking
cessation), we suggest the use of cilostazol in
addition to previously recommended antithrombotic therapies (aspirin 75-100 mg daily or
clopidogrel 75 mg daily) (Grade 2C); we suggest
against the use of pentoxifylline, heparinoids,
or prostanoids (Grade 2C).
5.0 Patients With Critical Limb Ischemia
5.1. For patients with symptomatic PAD and
critical leg ischemia/rest pain who are not candidates for vascular intervention, we suggest
the use of prostanoids in addition to previously
recommended antithrombotic therapies (aspirin 75-100 mg daily or clopidogrel 75 mg daily)
(Grade 2C).
Values and preferences: Patients who do not value
uncertain relief of rest pain and ulcer healing greater
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6.1-6.3. In patients with acute limb ischemia
due to arterial emboli or thrombosis, we suggest immediate systemic anticoagulation with
unfractionated heparin over no anticoagulation
(Grade 2C); we suggest reperfusion therapy (surgery or IA thrombolysis) over no reperfusion
therapy (Grade 2C); we recommend surgery
over IA thrombolysis (Grade 1B). In patients
undergoing IA thrombolysis, we suggest recombinant tissue-type plasminogen activator (rt-PA)
or urokinase over streptokinase (Grade 2C).
7.0 Endovascular Revascularization in Patients With
Symptomatic PAD
7.1. For patients undergoing peripheral artery
percutaneous transluminal angioplasty with
or without stenting, we recommend longterm aspirin (75-100 mg/day) or clopidogrel
(75 mg/day) (Grade 1A). For patients undergoing peripheral artery percutaneous transluminal angioplasty with stenting, we suggest
single rather than dual antiplatelet therapy
(Grade 2C).
Values and preferences: Patients who place a high
value on an uncertain reduction in the risk of limb
loss and a relatively low value on avoiding a definite
increased risk of bleeding are more likely to choose to
use dual antiplatelet therapy.
8.0 Antithrombotic Therapy Following Peripheral
Artery Bypass Graft Surgery
8.1-8.4. We recommend one of the following
antithrombotic regimens to be continued longterm following peripheral artery bypass graft
surgery over no antithrombotic treatment:
aspirin 75 to 100 mg daily or clopidogrel 75 mg
daily (all Grade 1A). We recommend single antiplatelet therapy over antiplatelet therapy and
warfarin (Grade 1B). In patients undergoing
below-knee bypass graft surgery with prosthetic
grafts, we suggest clopidogrel 75 mg/d plus
aspirin (75-100 mg/d) over aspirin alone for
1 year (Grade 2C). For all other patients, we
suggest single over dual antiplatelet therapy
(Grade 2B).
9.0 Patients With Carotid Artery Stenosis
9.1. For patients with asymptomatic carotid stenosis, we suggest aspirin 75 to 100 mg daily over
no aspirin therapy (Grade 2B).
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Remarks: Aspirin slightly reduces total mortality
regardless of cardiovascular risk profile if taken over
10 years. In people at moderate to high risk of cardiovascular events, the reduction in MI is closely balanced with an increase in major bleeds. Whatever
their risk status, people who are averse to taking
medication over a prolonged time period for very
small benefits will be disinclined to use aspirin for
primary prophylaxis.
9.2-9.3. In patients with symptomatic carotid stenosis (including recent carotid endarterectomy),
we recommend long-term antiplatelet therapy
with clopidogrel (75 mg once daily) or aspirinextended-release dipyridamole (25 mg/200 mg bid)
or aspirin (75-100 mg once daily) over no antiplatelet therapy (Grade 1A). We suggest either
clopidogrel (75 mg once daily) or aspirin-extendedrelease dipyridamole (25 mg/200 mg bid) over
aspirin (75-100 mg) (Grade 2B).

VTE, Thrombophilia, Antithrombotic
Therapy, and Pregnancy
For further details, see Bates et al.14
2.0 Maternal Consequences of Antithrombotic Therapy
Use During Pregnancy
2.2.1. For pregnant patients, we recommend
LMWH for the prevention and treatment of
VTE, instead of UFH (Grade 1B).
3.0 Fetal Consequence of Antithrombotic Therapy
Use in Pregnant Women
3.0.1. For women receiving anticoagulation for
the treatment of VTE who become pregnant,
we recommend LMWH over VKAs during the
first trimester (Grade 1A), in the second and
third trimesters (Grade 1B), and during late pregnancy when delivery is imminent (Grade 1A).

3.0.3. For pregnant women, we suggest limiting the use of fondaparinux and parenteral
direct thrombin inhibitors to those with severe
allergic reactions to heparin (eg, HIT) who
cannot receive danaparoid (Grade 2C).
3.0.4. For pregnant women, we recommend
avoiding the use of oral direct thrombin (eg,
dabigatran) and anti-Xa (eg, rivaroxaban, apixaban) inhibitors (Grade 1C).
4.0 Use of Antithrombotic Therapy in Nursing Women
4.0.1. For lactating women using warfarin,
acenocoumarol, or UFH who wish to breastfeed, we recommend continuing the use of warfarin, acenocoumarol, or UFH (Grade 1A).
4.0.2. For lactating women using LMWH, danaparoid, or r-hirudin who wish to breast-feed,
we recommend continuing the use of LMWH,
danaparoid, or r-hirudin (Grade 1B).
4.0.3. For breast-feeding women, we suggest
alternative anticoagulants rather than fondaparinux (Grade 2C).
4.0.4. For breast-feeding women, we recommend alternative anticoagulants rather than
oral direct thrombin (eg, dabigatran) and factor Xa inhibitors (eg, rivaroxaban, apixaban)
(Grade 1C).
4.0.5. For lactating women using low-dose aspirin for vascular indications who wish to breastfeed, we suggest continuing this medication
(Grade 2C).
5.0 VTE in Patients Using Assisted Reproductive
Technology
5.1.1. For women undergoing assisted reproduction, we recommend against the use of routine thrombosis prophylaxis (Grade 1B).

3.0.2. For women requiring long-term VKAs who
are attempting pregnancy and are candidates
for LMWH substitution, we suggest performing frequent pregnancy tests and substituting
LMWH for VKAs when pregnancy is achieved
rather than switching to LMWH while attempting pregnancy (Grade 2C).

5.1.2. For women undergoing assisted reproduction who develop severe ovarian hyperstimulation syndrome, we suggest thrombosis
prophylaxis (prophylactic LMWH) for 3 months
postresolution of clinical ovarian hyperstimulation syndrome rather than no prophylaxis
(Grade 2C).

Remarks: Women who place little value on avoiding the risks, inconvenience, and costs of LMWH
therapy of uncertain duration while awaiting pregnancy and a high value on minimizing the risks of
early miscarriage associated with VKA therapy are
likely to choose LMWH while attempting pregnancy.

Remarks: Women who are averse to taking medication for very small benefit and those who consider
self-injecting a considerable burden will be disinclined to use LMWH for extended thrombosis prophylaxis. Given that the absolute benefit decreases as
time from the hyperstimulation event increases, such
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women will be very disinclined to continue prophylaxis throughout the entire resultant pregnancy.
6.0 VTE Following Cesarean Section
6.2.1. For women undergoing cesarean section
without additional thrombosis risk factors, we
recommend against the use of thrombosis prophylaxis other than early mobilization (Grade 1B).
6.2.2. For women at increased risk of VTE after
cesarean section because of the presence of
one major or at least two minor risk factors,
we suggest pharmacologic thromboprophylaxis
(prophylactic LMWH) or mechanical prophylaxis (elastic stockings or intermittent pneumatic
compression) in those with contraindications
to anticoagulants while in hospital following
delivery rather than no prophylaxis (Grade 2B).
Remarks: The reduced bleeding risk with mechanical
prophylaxis should be weighed against the inconvenience of elastic stockings and intermittent pneumatic compression.
6.2.3. For women undergoing cesarean section
who are considered to be at very high risk for VTE
and who have multiple additional risk factors for
thromboembolism that persist in the puerperium,
we suggest that prophylactic LMWH be combined
with elastic stockings and/or intermittent pneumatic compression over LMWH alone (Grade 2C).
6.2.4. For selected high-risk patients in whom
significant risk factors persist following delivery,
we suggest extended prophylaxis (up to 6 weeks
after delivery) following discharge from the
hospital (Grade 2C).
7.0 Treatment of Patients With Proven Acute VTE
During Pregnancy
7.1.1. For pregnant women with acute VTE,
we recommend therapy with adjusted-dose
SC LMWH over adjusted-dose UFH (Grade 1B).
7.1.2. For pregnant women with acute VTE, we
recommend LMWH over VKA treatment antenatally (Grade 1A).
7.1.3. For pregnant women with acute VTE, we
suggest that anticoagulants should be continued for at least 6 weeks postpartum (for a minimum total duration of therapy of 3 months) in
comparison with shorter durations of treatment (Grade 2C).
7.1.4. For pregnant women receiving adjusteddose LMWH therapy and where delivery is
planned, we recommend discontinuation of
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LMWH at least 24 h prior to induction of labor
or cesarean section (or expected time of neuraxial anesthesia) rather than continuing LMWH
up until the time of delivery (Grade 1B).
8.0 Prevention of Recurrent VTE in Pregnant Women
8.2.1. For all pregnant women with prior VTE,
we suggest postpartum prophylaxis for 6 weeks
with prophylactic- or intermediate-dose LMWH
or VKAs targeted at INR 2.0 to 3.0 rather than
no prophylaxis (Grade 2B).
8.2.2. For pregnant women at low risk of recurrent VTE (single episode of VTE associated with
a transient risk factor not related to pregnancy
or use of estrogen), we suggest clinical vigilance
antepartum rather than antepartum prophylaxis (Grade 2C).
8.2.3. For pregnant women at moderate to high
risk of recurrent VTE (single unprovoked VTE,
pregnancy- or estrogen-related VTE, or multiple prior unprovoked VTE not receiving longterm anticoagulation), we suggest antepartum
prophylaxis with prophylactic- or intermediatedose LMWH rather than clinical vigilance or
routine care (Grade 2C).
8.2.4. For pregnant women receiving longterm VKAs, we suggest adjusted-dose LMWH
or 75% of a therapeutic dose of LMWH throughout pregnancy followed by resumption of longterm anticoagulants postpartum, rather than
prophylactic-dose LMWH (Grade 2C).
9.0 Prevention of VTE in Pregnant Women With
Thrompophilia and No Prior VTE
9.2.1. For pregnant women with no prior history of VTE who are known to be homozygous
for factor V Leiden or the prothrombin 20210A
mutation and have a positive family history for
VTE, we suggest antepartum prophylaxis with
prophylactic- or intermediate-dose LMWH and
postpartum prophylaxis for 6 weeks with prophylactic- or intermediate-dose LMWH or VKAs
targeted at INR 2.0 to 3.0 rather than no prophylaxis (Grade 2B).
9.2.2. For pregnant women with all other thrombophilias and no prior VTE who have a positive
family history for VTE, we suggest antepartum
clinical vigilance and postpartum prophylaxis
with prophylactic- or intermediate-dose LMWH
or, in women who are not protein C or S deficient, VKAs targeted at INR 2.0 to 3.0 rather
than routine care (Grade 2C).
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT

39S

9.2.3. For pregnant women with no prior history of VTE who are known to be homozygous
for factor V Leiden or the prothrombin 20210A
mutation and who do not have a positive family
history for VTE, we suggest antepartum clinical vigilance and postpartum prophylaxis for
6 weeks with prophylactic- or intermediatedose LMWH or VKAs targeted at INR 2.0 to
3.0 rather than routine care (Grade 2B).
9.2.4. For pregnant women with all other thrombophilias and no prior VTE who do not have a
positive family history for VTE, we suggest
antepartum and postpartum clinical vigilance
rather than pharmacologic prophylaxis (Grade 2C).
10.0 Prevention of Pregnancy Complications in
Women With Thrombophilia
10.2.1. For women with recurrent early pregnancy loss (three or more miscarriages before
10 weeks of gestation), we recommend screening
for antiphospolipid antibodies (APLAs) (Grade 1B).
10.2.2. For women with a history of pregnancy
complications, we suggest not to screen for
inherited thrombophilia (Grade 2C).
10.2.3. For women who fulfill the laboratory
criteria for APLA syndrome and meet the clinical APLA criteria based on a history of three
or more pregnancy losses, we recommend
antepartum administration of prophylactic- or
intermediate-dose UFH or prophylactic LMWH
combined with low-dose aspirin, 75 to 100 mg/d,
over no treatment (Grade 1B).

anticoagulant regimens in preference to no
anticoagulation (all Grade 1A):
(a) Adjusted-dose bid LMWH throughout pregnancy. We suggest that doses be adjusted to
achieve the manufacturer’s peak anti-Xa LMWH
4 h postsubcutaneous-injection or
(b) Adjusted-dose UFH throughout pregnancy
administered subcutaneously every 12 h in
doses adjusted to keep the mid-interval activated partial thromboplastin time at least twice
control or attain an anti-Xa heparin level of
0.35 to 0.70 units/mL or
(c) UFH or LMWH (as above) until the 13th week,
with substitution by VKAs until close to delivery
when UFH or LMWH is resumed.
Remarks: For pregnant women with mechanical heart
valves, the decision regarding the choice of anticoagulant regimen is so value and preference dependent (risk of thrombosis vs risk of fetal abnormalities)
that we consider the decision to be completely individualized. Women of childbearing age and pregnant
women with mechanical valves, should be counseled
about potential maternal and fetal risks associated
with various anticoagulant regimens, including continuation of VKAs with substitution by LMWH or
UFH close to term, substitution of VKAs by LMWH
or UFH until the 13th week and then close to term,
and use of LMWH or UFH throughout pregnancy.
Usual long-term anticoagulants should be resumed
postpartum when adequate hemostasis is assured.

11.0 Prevention of Recurrent Preeclampsia or Pregnancy
Loss in Women Without Known Thrombophilia

12.1.2. In women judged to be at very high risk
of thromboembolism in whom concerns exist
about the efficacy and safety of UFH or LMWH
as dosed above (eg, older generation prosthesis
in the mitral position or history of thromboembolism), we suggest VKAs throughout pregnancy with replacement by UFH or LMWH
(as above) close to delivery rather than one of
the regimens above (Grade 2C).

11.1.1. For women considered at risk for preeclampsia, we recommend low-dose aspirin
throughout pregnancy, starting from the second
trimester, over no treatment (Grade 1B).

Remarks: Women who place a higher value on avoiding fetal risk than on avoiding maternal complications (eg, catastrophic valve thrombosis) are likely to
choose LMWH or UFH over VKAs.

11.2.1. For women with two or more miscarriages but without APLA or thrombophilia, we
recommend against antithrombotic prophylaxis
(Grade 1B).

12.1.3. For pregnant women with prosthetic
valves at high risk of thromboembolism, we
suggest the addition of low-dose aspirin, 75 to
100 mg/d (Grade 2C).

10.2.4. For women with inherited thrombophilia and a history of pregnancy complications,
we suggest not to use antithrombotic prophylaxis (Grade 2C).

12.0 Prevention of Thromboembolism in Pregnant
Women With Mechanical Heart Valves
12.1.1. For pregnant women with mechanical
heart valves, we recommend one of the following
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Antithrombotic Therapy in
Neonates and Children
For further details, see Monagle et al.15
Executive Summary

1.0. We suggest that where possible, pediatric
hematologists with experience in thromboembolism manage pediatric patients with thromboembolism (Grade 2C). When this is not possible,
we suggest a combination of a neonatologist/
pediatrician and adult hematologist supported
by consultation with an experienced pediatric
hematologist (Grade 2C).
1.1 Heparin in Neonates and Children
1.1. We suggest that therapeutic unfractionated heparin (UFH) in children is titrated to
achieve a target range of anti-Xa activity of
0.35 to 0.7 units/mL or an activated partial
thromboplastin time range that correlates to
this anti-Xa range or to a protamine titration
range of 0.2 to 0.4 units/mL (Grade 2C). We suggest that when initiating UFH therapy, UFH
boluses be no greater than 75 to 100 units/kg
and that boluses be withheld or reduced if there
are significant bleeding risks (Grade 2C). We
suggest avoiding long-term use of therapeutic
UFH in children (Grade 2C).
1.2 LMWH in Neonates and Children
1.2. We suggest, for neonates and children
receiving either once- or twice-daily therapeutic
LMWH that the drug be monitored to a target
anti-Xa activity range of 0.5 to 1.0 units/mL in a
sample taken 4 to 6 h after SC injection or 0.5
to 0.8 units/mL in a sample taken 2 to 6 h after
SC injection (Grade 2C).
1.3 VKAs in Neonates and Children
1.3. We suggest, for children receiving VKAs,
that the drug be monitored to a target INR of
2.5 (range, 2.0-3.0), except in the setting of prosthetic cardiac valves where we suggest adherence to the adult recommendations outlined in
the article by Whitlock et al in this supplement
(Grade 2C). We suggest that INR monitoring
with point-of-care monitors be made available
where resources make this possible (Grade 2C).
1.5 Aspirin in Children
1.5. We suggest that when aspirin is used for
antiplatelet therapy in children, it is used in
doses of 1 to 5 mg/kg per day (Grade 2C).
2.1 VTE in Neonates
2.1. We suggest that central venous access
devices (CVADs) or umbilical venous catheters
(UVCs) associated with confirmed thrombosis
be removed after 3 to 5 days of therapeutic anticoagulation rather than left in situ (Grade 2C).
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We suggest either initial anticoagulation or
supportive care with radiologic monitoring
for extension of thrombosis rather than no
follow-up (Grade 2C); however, in previously
untreated patients, we recommend the start of
anticoagulation if extension occurs (Grade 2C).
We suggest that anticoagulation should be with
either (1) LMWH or (2) UFH followed by LMWH.
We suggest a total duration of anticoagulation
of between 6 weeks and 3 months rather than
shorter or longer durations (Grade 2C). If either
a CVAD or a UVC is still in place on completion
of therapeutic anticoagulation, we suggest a
prophylactic dose of anticoagulation until such
time as the CVAD or UVC is removed (Grade 2C).
We suggest against thrombolytic therapy for
neonatal VTE unless major vessel occlusion is
causing critical compromise of organs or limbs
(Grade 2C). We suggest if thrombolysis is required,
tissue plasminogen activator (tPA) is used rather
than other lytic agents (Grade 2C), and we
suggest plasminogen (fresh frozen plasma)
administration prior to commencing therapy
(Grade 2C).
2.2-2.3 Renal Vein Thrombosis in Neonates
2.2. For unilateral renal vein thrombosis (RVT)
in the absence of renal impairment or extension
into the inferior vena cava (IVC), we suggest
either (1) supportive care with radiologic monitoring for extension of thrombosis (if extension
occurs we suggest anticoagulation) or (2) anticoagulation with UFH/LMWH or LMWH in
therapeutic doses rather than no therapy. If
anticoagulation is used, we suggest a total duration of between 6 weeks and 3 months rather
than shorter or longer durations of therapy
(Grade 2C). For unilateral RVT that extends into
the IVC, we suggest anticoagulation with UFH/
LMWH or LMWH for a total duration of
between 6 weeks and 3 months (Grade 2C).
2.3. For bilateral RVT with evidence of renal
impairment, we suggest anticoagulation with
UFH/LMWH or initial thrombolytic therapy
with tPA followed by anticoagulation with UFH/
LMWH (Grade 2C).
2.4 CVAD Prophylaxis in Neonates
2.4. For neonates with CVADs, we recommend
to maintain CVAD patency with UFH continuous infusion at 0.5 units/kg per h over no
prophylaxis (Grade 1A) or intermittent local
thrombolysis (Grade 2C). For neonates with
blocked CVADs, we suggest local thrombolysis
after appropriate clinical assessment (Grade 2C).
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2.6 Thromboprophylaxis for Neonates and Children
With Blalock-Taussig Shunts and Modified BlalockTaussig Shunts (MBTS)

2.13. For neonates with umbilical arterial catheters (UACs), we suggest UAC placement in a
high rather than a low position (Grade 2B).

2.6. For neonates and children having modified MBTS, we suggest intraoperative UFH
therapy (Grade 2C). For neonates and children
after MBTS surgery, we suggest either aspirin
or no antithrombotic therapy as compared with
prolonged LMWH or VKAs (Grade 2C).

2.14. For neonates with UAC, we suggest prophylaxis with a low-dose UFH infusion via the
UAC (heparin concentration of 0.25-1 unit/mL,
total heparin dose of 25-200 units/kg per day) to
maintain patency (Grade 2A).

2.9-2.10 Therapy for Femoral Artery Thrombosis in
Neonates and Children
2.9. For neonates and children with acute femoral artery thrombosis, we recommend therapeutic doses of IV UFH as initial therapy
compared with aspirin or no therapy (Grade 1B)
or LMWH (Grade 2C). We suggest subsequent
conversion to LMWH, or else continuation of
UFH, to complete 5 to 7 days of therapeutic
anticoagulation as compared with a shorter or
longer duration (Grade 2C).
2.10. For neonates and children with limbthreatening or organ-threatening (via proximal
extension) femoral artery thrombosis who fail to
respond to initial UFH therapy and who have
no known contraindications, we recommend
thrombolysis (Grade 1C). For neonates and children with femoral artery thrombosis, we recommend surgical intervention compared with UFH
therapy alone when there is a contraindication
to thrombolytic therapy and organ or limb death
is imminent (Grade 1C).
2.11 Prophylaxis for Peripheral Arterial Catheters in
Neonates and Children
2.11. For neonates and children with peripheral arterial catheters in situ, we recommend
UFH continuous infusion at 0.5 units/mL at
1 mL/h compared with normal saline (Grade 1A).
2.12 Therapy for Peripheral Artery Thrombosis
Secondary to Peripheral Artery Catheters in Neonates
and Children
2.12. For neonates and children with a peripheral arterial catheter-related thromboembolism,
we suggest immediate removal of the catheter
(Grade 2B). For neonates and children with a
symptomatic peripheral arterial catheter-related
thromboembolism, we suggest UFH anticoagulation with or without thrombolysis or surgical
thrombectomy and microvascular repair with
subsequent heparin therapy (Grade 2C).
2.13-2.14 Prophylaxis of Umbilical Arterial Catheters
in Neonates
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2.16 Prophylaxis for Cardiac Catheterization in
Neonates and Children
2.16. For neonates and children requiring
cardiac catheterization via an artery, we recommend administration of IV UFH as thromboprophylaxis over no prophylaxis (Grade 1A)
or aspirin (Grade 1B). For neonates and children requiring cardiac catheterization via an
artery, we recommend the use of UFH doses
of 100 units/kg as a bolus compared with a
50-unit/kg bolus (Grade 1B). In prolonged procedures, we suggest further doses of UFH rather
than no further therapy (Grade 2B).
2.17 Cerebral Sinovenous Thrombosis in Neonates
2.17. For neonates with cerebral sinovenous
thrombosis (CSVT) without significant intracranial hemorrhage, we suggest anticoagulation,
initially with UFH or LMWH and subsequently
with LMWH, for a total therapy duration
between 6 weeks and 3 months rather than
shorter or longer treatment duration (Grade 2C).
For neonates with CSVT with significant hemorrhage, we suggest either (1) anticoagulation or
(2) supportive care with radiologic monitoring
of the thrombosis at 5 to 7 days and anticoagulation if thrombus extension is noted as compared
with no therapy (Grade 2C).
2.18-2.20 Arterial Ischemic Stroke in Neonates
2.18. For neonates with a first arterial ischemic
stroke (AIS), in the absence of a documented,
ongoing cardioembolic source, we suggest supportive care over anticoagulation or aspirin
therapy (Grade 2C).
2.19. For neonates with a first AIS and a documented cardioembolic source, we suggest anticoagulation with UFH or LMWH (Grade 2C).
2.20. For neonates with recurrent AIS, we suggest anticoagulant or aspirin therapy (Grade 2C).
2.21 Neonates With Purpura Fulminans
2.21. For neonates with clinical presentations of
homozygous protein C deficiency, we recommend administration of either 10 to 20 mL/kg of
Executive Summary

fresh frozen plasma every 12 h or protein C
concentrate, when available, at 20 to 60 units/kg
until the clinical lesions resolve (Grade 1A). For
neonates with homozygous protein C deficiency,
after initial stabilization, we recommend longterm treatment with VKA (Grade 1C), LMWH
(Grade 1C), protein C replacement (Grade 1B),
or liver transplantation (Grade 1C) compared with
no therapy.
2.22 DVT and PE in Children
2.22.1. In children with first VTE (CVAD and
non-CVAD related) we recommend acute anticoagulant therapy with either UFH or LMWH
(Grade 1B). We recommend initial treatment
with UFH or LMWH for at least 5 days (Grade
1B). For ongoing therapy, we recommend
LMWH or UFH. For patients in whom clinicians
will subsequently prescribe VKAs, we recommend beginning oral therapy as early as day 1
and discontinuing UFH/LMWH on day 6 or later
than day 6 if the INR has not exceeded 2.0 compared with no therapy (Grade 1B).
2.22.2. We suggest that children with idiopathic
VTE receive anticoagulant therapy for 6 to
12 months compared with no therapy (Grade 2C).
Values and preferences: Families who place a high
value on avoiding the unknown risk of recurrence in
the absence of an ongoing risk factor and a lower
value on avoiding the inconvenience of therapy
or potential impact of therapy on growth and development and bleeding risk associated with antithrombotic therapy are likely to choose to continue
anticoagulant therapy beyond 6 to 12 months.
2.22.3. In children with secondary VTE (ie, VTE
that has occurred in association with a clinical
risk factor) in whom the risk factor has resolved,
we suggest anticoagulant therapy be administered for 3 months (Grade 2C) as compared
with no further therapy. In children who have
ongoing, but potentially reversible risk factors,
such as active nephrotic syndrome or ongoing
asparaginase therapy, we suggest continuing
anticoagulant therapy beyond 3 months in either
therapeutic or prophylactic doses until the risk
factor has resolved (Grade 2C).
2.22.4. In children with recurrent idiopathic
VTE, we recommend indefinite treatment with
VKAs (Grade 1A).
2.22.5. In children with recurrent secondary
VTEs with an existing reversible risk factor
for thrombosis, we suggest anticoagulation until
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resolution of the precipitating factor but for a
minimum of 3 months as compared with no further therapy (Grade 2C).
2.22.6. In children with a CVAD in place who
have a VTE, if a CVAD is no longer required or
is nonfunctioning, we recommend it be removed
(Grade 1B). We suggest at least 3 to 5 days of
anticoagulation therapy prior to its removal
rather than no anticoagulation prior to removal
(Grade 2C). If CVAD access is required and the
CVAD is still functioning, we suggest that the
CVAD remain in situ and the patient given
anticoagulants (Grade 2C). For children with a
first CVAD-related VTE, we suggest initial management as for secondary VTE as previously
described.
2.22.7. In children with CVAD in place who
have a VTE and in whom the CVAD remains
necessary, we suggest, after the initial 3 months
of therapy, that prophylactic doses of VKAs
(INR range, 1.5-1.9) or LMWH (anti-Xa level
range, 0.1-0.3 units/mL) be given until the CVAD
is removed (Grade 2C). If recurrent thrombosis
occurs while the patient is receiving prophylactic therapy, we suggest continuing therapeutic doses until the CVAD is removed and
for a minimum of 3 months following the VTE
(Grade 2C).
2.23 Thrombolysis in Pediatric Patients With DVT
2.23. In children with VTE, we suggest that
thrombolysis therapy be used only for life- or
limb-threatening thrombosis (Grade 2C). If thrombolysis is used in the presence of physiologically
low levels or pathologic deficiencies of plasminogen, we suggest supplementation with plasminogen (Grade 2C). In children with VTE in
whom thrombolysis is used, we suggest systemic
thrombolysis or catheter-directed thrombolysis,
depending on institutional experience and, in
the latter case, technical feasibility.
2.24 Thrombectomy and IVC Filter Use in Pediatric
Patients With DVT
2.24. In children with life-threatening VTE, we
suggest thrombectomy (Grade 2C). In children
who have had a thrombectomy, we suggest anticoagulant therapy as per recommendation (2.22)
(Grade 2C). In children . 10 kg body weight with
lower-extremity VTE and a contraindication
to anticoagulation, we suggest placement of a
retrievable IVC filter (Grade 2C). In children
who receive a filter, we suggest that the filter be
removed as soon as possible if thrombosis is not
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT

43S

present in the basket of the filter and when contraindication to anticoagulation is resolved
(Grade 2C). In children who receive an IVC filter, we recommend appropriate anticoagulation
for VTE (see 1.2) as soon as the contraindication
to anticoagulation is resolved (Grade 1C).

with large (. 2 cm) mobile right atrial thrombosis, we suggest anticoagulation, with appropriately timed CVAD removal, and consideration of
surgical intervention or thrombolysis based on
individualized risk-benefit assessment compared
with no anticoagulation therapy (Grade 2C).

2.25 DVT in Children With Cancer

2.30-2.34 Children With CVADs

2.25. In children with cancer, we suggest that
management of VTE follow the general recommendations for management of VTE in children.
We suggest the use of LMWH in the treatment
of VTE for a minimum of 3 months until the
precipitating factor has resolved (eg, use of asparaginase) (Grade 2C).

2.30. For CVADs, we suggest flushing with normal saline or heparin or intermittent recombinant urokinase to maintain patency as compared
with no therapy (Grade 2C). For blocked CVADs, we
suggest tPA or recombinant urokinase to restore
patency (Grade 2C) . If after at least 30 min
following local thrombolytic instillation CVAD
patency is not restored, we suggest a second
dose be administered. If the CVAD remains
blocked following two doses of local thrombolytic agent, we suggest radiologic imaging to
rule out a CVAD-related thrombosis (Grade 2C).

Remarks: The presence of cancer, the need for surgery,
chemotherapy, or other treatments may modify the
risk-benefit ratio for treatment of VTE, and clinicians
should consider these factors on an individual basis.
2.26 Children With APLAs and DVT
2.26. For children with VTE in the setting of
APLAs, we suggest management as per general
recommendations for VTE management in
children.
2.27 Children With DVT and Positive Inherited
Thrombophilia Testing
2.27. For children with VTE, independent of
the presence or absence of inherited thrombophilic risk factors, we suggest that the duration
and intensity of anticoagulant therapy as per
2.22.
2.28 Children With VTE and Structurally Abnormally
Venous Systems
2.28. For children with first VTE secondary
to structural venous abnormalities, we suggest
anticoagulation as per other “spontaneous” VTE
(2.22) and consideration of subsequent percutaneous or surgical interventions, depending on
patient factors and institutional experience.
For children with recurrent VTE secondary to
structural venous abnormalities, we suggest
indefinite anticoagulation unless successful percutaneous or surgical interventions can be performed (Grade 2C).
2.29 Children With Right Atrial Thrombosis
2.29. For children with right atrial thrombosis
related to CVAD, we suggest removal of the
CVAD with or without anticoagulation, depending on the individual risk factors, compared with
leaving the CVAD in situ (Grade 2C). For children
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2.31. For children with short- or medium-term
CVADs, we recommend against the use of routine systemic thromboprophylaxis (Grade 1B).
2.34. For children receiving long-term home
total parenteral nutrition, we suggest thromboprophylaxis with VKAs (Grade 2C).
2.35 Children Undergoing Glenn Procedure or
Bilateral Cavopulmonary Shunt
2.35. For children who have bilateral cavopulmonary shunt, we suggest postoperative UFH
(Grade 2C).
2.36 Children Undergoing Fontan Surgery
2.36. For children after Fontan surgery, we recommend aspirin or therapeutic UFH followed
by VKAs over no therapy (Grade 1C).
2.37 Insertion of Endovascular Stents in Children
2.37. For children having endovascular stents
inserted, we suggest administration of UFH
perioperatively (Grade 2C).
2.38 Pediatric Patients With Dilated Cardiomyopathy
2.38. For pediatric patients with cardiomyopathy,
we suggest VKAs no later than their activation
on a cardiac transplant waiting list (Grade 2C).
Values and preferences: Parents who place a high
value on avoiding the inconvenience, discomfort,
and limitations of anticoagulant monitoring and a
lower value on the uncertain reduction in thrombotic
complications are unlikely to choose VKA therapy for
their children who are eligible for transplant.
Executive Summary

2.39 Children With Primary Pulmonary Hypertension
2.39. For children with primary pulmonary
hypertension, we suggest starting anticoagulation with VKAs at the same time as other medical therapy (Grade 2C).
2.40-2.42 Children With Biologic and Mechanical
Prosthetic Heart Valves
2.40-2.42. For children with biologic or mechanical prosthetic heart valves, we recommend that
clinicians follow the relevant recommendations
from the adult population.
2.44 Children With Ventricular Assist Devices (VADs)
2.44. For children with VADs we suggest administration of UFH (Grade 2C). We suggest starting UFH between 8 and 48 h following
implantation (Grade 2C). In addition, we suggest
antiplatelet therapy (either aspirin or aspirin
dipyridamole) to commence within 72 h of
VAD placement (Grade 2C). For children with
VAD, once clinically stable, we suggest switching from UFH to either LMWH or VKA (target
INR 3.0 range, 2.5-3.5) until transplanted or
weaned from VAD (Grade 2C).
2.45-2.46 Primary Prophylaxis for Venous Access
Related to Hemodialysis
2.45. For patients undergoing hemodialysis
via an arteriovenous fistula, we suggest routine use of VKAs or LMWH as fistula thromboprophylaxis as compared with no therapy
(Grade 2C).
2.46. For patients undergoing hemodialysis via
CVAD, we suggest routine use of VKAs or
LMWH for thromboprophylaxis as compared
with no therapy (Grade 2C).
2.47 Use of UFH or LMWH in Children Undergoing
Hemodialysis
2.47. For children having hemodialysis, we suggest the use of UFH or LMWH during hemodialysis to maintain circuit patency independent
of type of vascular access (Grade 2C).
2.48-2.50 Children With Kawasaki Disease
2.48. For children with Kawasaki disease, we
recommend aspirin in high doses (80-100 mg/kg
per day during the acute phase for up to 14 days)
as an antiinflammatory agent, then in lower
doses (1-5 mg/kg per day for 6 to 8 weeks) as an
antiplatelet agent (Grade 1B). For children with
Kawasaki disease, we recommend IV g-globulin
(2 g/kg, single dose) within 10 days of the onset
of symptoms (Grade 1A).
www.chestpubs.org

2.49. For children with moderate or giant coronary aneurysms following Kawasaki disease, we
suggest that warfarin in addition to low-dose
aspirin be given as primary thromboprophylaxis
(Grade 2C).
2.50. For children with Kawasaki disease who
have giant aneurysms and acute coronary artery
thrombosis, we suggest thrombolysis or acute
surgical intervention (Grade 2C).
2.51 CSVT in Children
2.51. For children with CSVT without significant
intracranial hemorrhage, we recommend anticoagulation initially with UFH or LMWH and subsequently with LMWH or VKA for a minimum of
3 months relative to no anticoagulation (Grade 1B).
In children who after 3 months of therapy still experience occlusion of CSVT or ongoing symptoms,
we suggest administration of a further 3 months
of anticoagulation (Grade 2C). For children with
CSVT with significant hemorrhage, we suggest initial anticoagulation as for children without hemorrhage or radiologic monitoring of the thrombosis
at 5 to 7 days and anticoagulation if thrombus
extension is noted at that time (Grade 2C). In children with CSVT and potentially recurrent risk
factors (for example, nephrotic syndrome, asparaginase therapy), we suggest prophylactic anticoagulation at times of risk factor recurrence
(Grade 2C). We suggest thrombolysis, thrombectomy, or surgical decompression only in children
with severe CSVT in whom there is no improvement with initial UFH therapy (Grade 2C).
2.52 AIS in Children
2.52. For children with acute AIS, with or without thrombophilia, we recommend UFH or
LMWH or aspirin as initial therapy until dissection and embolic causes have been excluded
(Grade 1C). For children with acute AIS, we suggest, once dissection and cardioembolic causes
are excluded, daily aspirin prophylaxis for a
minimum of 2 years as compared with no antithrombotic therapy (Grade 2C). For children
receiving aspirin who have recurrent AIS or
transient ischemic attacks (TIAs), we suggest
changing to clopidogrel or anticoagulant therapy
with LMWH or VKA (Grade 2C). For children with
AIS, we recommend against the use of thrombolysis (tPA) or mechanical thrombectomy outside of specific research protocols (Grade 1C).
2.53 Embolic Stroke in Children
2.53. For AIS secondary to cardioembolic causes,
we suggest anticoagulant therapy with LMWH
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or VKAs for at least 3 months (Grade 2C). For
AIS secondary to cardioembolic causes in children with demonstrated right-to-left shunts (eg,
PFO), we suggest surgical closure of the shunt
(Grade 2C).
2.54 Cerebral Arterial Dissection Underlying AIS
2.54. For AIS secondary to dissection, we suggest anticoagulant therapy with LMWH or VKAs
for at least 6 weeks (Grade 2C). Ongoing treatment
will depend on radiologic assessment of degree
and extent of stenosis and evidence of recurrent
ischemic events.
2.55 Children With Cerebral Vasculopathies
2.55. For children with acute AIS secondary to
non-Moyamoya vasculopathy, we recommend
UFH or LMWH or aspirin for 3 months as initial
therapy compared with no treatment (Grade
1C). For children with AIS secondary to nonMoyamoya vasculopathy, we suggest ongoing
antithrombotic therapy should be guided by
repeat cerebrovascular imaging.
2.56-2.57 Children With Moyamoya Disease
2.56. For children with acute AIS secondary to
Moyamoya, we suggest aspirin over no treatment as initial therapy (Grade 2C).
2.57. For children with Moyamoya, we suggest
they be referred to an appropriate center for
consideration of revascularization.
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Genetics and the clinical response to warfarin and
edoxaban: ﬁndings from the randomised, double-blind
ENGAGE AF-TIMI 48 trial
Jessica L Mega, Joseph R Walker, Christian T Ruﬀ, Alexander G Vandell, Francesco Nordio, Naveen Deenadayalu, Sabina A Murphy, James Lee,
Michele F Mercuri, Robert P Giugliano, Elliott M Antman, Eugene Braunwald, Marc S Sabatine

Summary
Background Warfarin is the most widely used oral anticoagulant worldwide, but serious bleeding complications are
common. We tested whether genetic variants can identify patients who are at increased risk of bleeding with warfarin
and, consequently, those who would derive a greater safety beneﬁt with a direct oral anticoagulant rather than warfarin.
Methods ENGAGE AF-TIMI 48 was a randomised, double-blind trial in which patients with atrial ﬁbrillation were
assigned to warfarin to achieve a target international normalised ratio of 2·0–3·0, or to higher-dose (60 mg) or lower-dose
(30 mg) edoxaban once daily. A subgroup of patients was included in a prespeciﬁed genetic analysis and genotyped for
variants in CYP2C9 and VKORC1. The results were used to create three genotype functional bins (normal, sensitive,
and highly sensitive responders to warfarin). This trial is registered with ClinicalTrials.gov, number NCT00781391.
Findings 14 348 patients were included in the genetic analysis. Of 4833 taking warfarin, 2982 (61·7%) were classiﬁed as
normal responders, 1711 (35·4%) as sensitive responders, and 140 (2·9%) as highly sensitive responders. Compared with
normal responders, sensitive and highly sensitive responders spent greater proportions of time over-anticoagulated in
the ﬁrst 90 days of treatment (median 2·2%, IQR 0–20·2; 8·4%, 0–25·8; and 18·3%, 0–32·6; ptrend<0·0001) and had
increased risks of bleeding with warfarin (sensitive responders hazard ratio 1·31, 95% CI 1·05–1·64, p=0·0179; highly
sensitive responders 2·66, 1·69–4·19, p<0·0001). Genotype added independent information beyond clinical risk scoring.
During the ﬁrst 90 days, when compared with warfarin, treatment with edoxaban reduced bleeding more so in sensitive
and highly sensitive responders than in normal responders (higher-dose edoxaban pinteraction=0·0066; lower-dose edoxaban
pinteraction=0·0036). After 90 days, the reduction in bleeding risk with edoxaban versus warfarin was similarly beneﬁcial
across genotypes.
Interpretation CYP2C9 and VKORC1 genotypes identify patients who are more likely to experience early bleeding
with warfarin and who derive a greater early safety beneﬁt from edoxaban compared with warfarin.
Funding Daiichi Sankyo.

Introduction
Vitamin K antagonists, such as warfarin, are the most
commonly used anticoagulants to prevent and treat
thromboembolic diseases worldwide. The use of warfarin,
however, is hampered by several constraints, including
highly variable response and the need to monitor and
adjust doses. Bleeding complications due to warfarin
continue to be among the leading causes of severe adverse
drug events worldwide.1–3 Polymorphisms in CYP2C9,
which encodes an enzyme responsible for the metabolism
of the potent S-warfarin isomer, and in VKORC1, which
encodes vitamin-K epoxide reductase, the molecular target
of warfarin, aﬀect individuals’ sensitivity to warfarin and
account for around 40% of the variability in the response.4
As noted in the US Food and Drug Administration (FDA)
warfarin label, an individual’s CYP2C9 and VKORC1
genotype information can assist in selecting the optimum
dose.5 European regulatory agencies comment that extra
care with dosing is warranted if the genotype is known.6
Nevertheless, the relevance of these polymorphisms for
clinical outcomes continues to be debated.7,8

In view of the limitations of warfarin, several direct oral
anticoagulants have been developed as alternatives.9–13
Edoxaban is a factor Xa inhibitor with more predictable
pharmacodynamics than warfarin. The ENGAGE
AF-TIMI 48 trial was a large, worldwide, prospective,
double-blind, double-dummy, randomised study that
compared two dosing regimens of once-daily edoxaban
and warfarin in patients with atrial ﬁbrillation followed
up for a median of 2·8 years.14 The two edoxaban
regimens were non-inferior to warfarin for prevention of
stroke and systemic embolism, and were associated with
signiﬁcantly lower rates of bleeding and cardiovascular
death. The trial included a prespeciﬁed pharmacogenetic
study and, therefore, enabled comparison of clinical
events by genotype. Speciﬁcally, we tested whether
patients with functional genetic variants in CYP2C9 and
VKORC1 had higher rates of bleeding than those
without when treated with warfarin and, consequently,
whether these genetic variants could identify patients
who would derive a diﬀerential beneﬁt from treatment
with edoxaban.
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Methods
Patients
For more on warfarin dosing
see www.warfarindosing.org
See Online for appendix

ENGAGE AF-TIMI 48 enrolled 21 105 patients aged
21 years or older with non-valvular atrial ﬁbrillation
within the previous 12 months, a CHADS2 risk score of
2 or more, and anticoagulation planned for the duration
of the trial.14–16 Exclusion criteria included atrial
ﬁbrillation due to a reversible disorder, other indications
for anticoagulation, and severe renal insuﬃciency.

Treatment
Patients were randomly assigned in a 1:1:1 ratio to receive
warfarin with a target international normalised ratio
(INR) of 2·0–3·0, or to higher-dose (60 mg) or lower-dose
(30 mg) edoxaban once daily. The starting warfarin dose
was determined by the local investigator on the basis

of the patient’s clinical proﬁle. Investigators were
encouraged to consult established practice guidelines or
the online warfarin dosing algorithm. Patients attended
prespeciﬁed visits for dose titration (appendix). INR
was measured with an encrypted point-of-care device
provided by the study organisers. To maintain masking
of treatment allocation, sham INR values were generated
for patients taking edoxaban. Doses of edoxaban were
reduced by half at randomisation or during the course of
the trial on the basis of renal function, bodyweight, and
concomitant use of certain P-glycoprotein inhibitors.
A clinical events committee that was unaware of
treatment allocation adjudicated all deaths and suspected
cases of bleeding, stroke, systemic embolic event, or
myocardial infarction. Any overt bleeding was classiﬁed
as major (International Society on Thrombosis

CYP2C9

VKORC1

*1/*1

*1/*2

*1/*3

*2/*2

*2/*3

*3/*3

G/G

Normal
responder
5·9 (2·2) mg,
24·0%

Normal
responder
4·9 (1·9) mg,
7·0%

Sensitive
responder
4·2 (1·8) mg,
4·2%

Sensitive
responder
3·6 (1·4) mg,
0·6%

Sensitive
responder
3·2 (1·0) mg,
0·4%

Highly sensitive
responder
1·5 (0·7) mg,
0·1%

G/A

Normal
responder
4·4 (1·8) mg,
30·7%

Sensitive
responder
3·7 (1·5) mg,
8·4%

Sensitive
responder
3·2 (1·3) mg,
5·5%

Sensitive
responder
2·7 (1·0) mg,
0·5%

Highly sensitive
responder
2·0 (1·2) mg,
0·6%

Highly sensitive
responder
1·2 (0·5) mg,
0·2%

A/A

Sensitive
responder
2·9 (1·3) mg,
13·4%

Sensitive
responder
2·4 (0·8) mg,
2·5%

Highly sensitive
responder
2·0 (0·8) mg,
1·5%

Highly sensitive
responder
1·5 (0·8) mg,
0·2%

Highly sensitive
responder
1·4 (0·5) mg,
0·3%

Highly sensitive
responder
1·0 (0·0) mg,
0·1%

Figure 1: Final warfarin dose and proportions of patients per category, across genotype bins
Data are mean (SD) and proportion (%).
Normal responder (n=2982)

Sensitive responder (n=1711)

Highly sensitive responder
(n=140)

Mean (SD)

Median (IQR)

Mean (SD)

Median (IQR)

Mean (SD)

p value for
trend*

Median (IQR)

Time in INR ranges in ﬁrst 28 days (%)
<2

48·9 (35·8)

44·4 (18·5–85·2)

36·6 (32·3)

29·6 (7·4–57·1)

28·1 (28·9)

18·5 (3·7–41·2)

2–3

41·6 (32·5)

40·7 (11·1–66·7)

47·5 (30·9)

44·4 (22·2–70·4)

41·9 (29·3)

33·3 (18·5–63·0)

<0·0001

>3

9·5 (18·5)

30·1 (30·9)

23·8 (0–58·8)

<0·0001
<0·0001

0 (0–11·1)

15·9 (23·9)

0 (0–29·6)

<0·0001

Time in INR ranges in ﬁrst 90 days (%)
<2

37·3 (29·7)

30·3 (12·4–56·2)

30·8 (26·4)

23·8 (9·3–46·1)

27·8 (24·0)

23·0 (9·0–41·6)

2–3

50·5 (27·9)

51·7 (29·2–72·3)

54·0 (26·3)

53·9 (34·8–75·3)

51·3 (25·5)

51·7 (29·4–68·5)

>3

12·1 (17·2)

20·9 (19·3)

18·3 (0–32·6)

<0·0001
<0·0001

2·2 (0–20·2)

15·2 (18·4)

8·4 (0–25·8)

0·0023

Time in INR ranges beyond 90 days (%)
<2

23·5 (19·1)

19·1 (11·4–29·4)

21·1 (17·1)

17·1 (10·4–26·3)

21·0 (17·2)

18·5 (9·7–26·1)

2–3

63·2 (19·0)

66·2 (55·1–75·8)

65·0 (17·9)

67·6 (56·1–76·7)

63·8 (18·3)

66·6 (56·6–73·4)

0·0320

>3

13·3 (11·1)

11·7 (6·4–17·7)

13·9 (11·5)

12·2 (6·6–18·9)

15·2 (12·2)

13·7 (6·9–20·7)

0·0160

Mean (SD) ﬁnal average
daily warfarin dose (mg)

5·1 (2·1)

··

3·3 (1·5)

··

1·8 (0·9)

··

<0·0001

INR=international normalised ratio. *p values for trend relate to the median values. When results were adjusted for ethnic origin, region, creatinine clearance, weight, and
previous vitamin K antagonist use, all p values remained signiﬁcant.

Table 1: INR and dosing data among patients taking warfarin, across genotype bins
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and Haemostasis deﬁnition),
non-major, or minor (appendix).

clinically

relevant

genotype bin and interaction terms were generated with
Cox’s proportional hazards models. This trial is registered
with ClinicalTrials.gov, number NCT00781391.

Genotypes

Statistical analysis
Baseline characteristics of patients receiving warfarin were
compared between normal, sensitive, and highly sensitive
responders with the χ² test for categorical variables and the
Kruskal-Wallis test for continuous variables. The
proportion of time in the therapeutic range in the warfarin
group was calculated by linear interpolation, based on the
available INR values per patient.17 To test for diﬀerences in
the proportion of time in INR ranges across the three
genotype bins, we used a non-parametric Wilcoxon’s test
for trend. In a sensitivity analysis to adjust for clinical
covariates, the values were log transformed and a
generalised linear model was applied. We used Cox’s
proportional hazards models to compare the bleeding and
eﬃcacy outcomes between normal responders and
sensitive and highly sensitive responders, and calculated
hazard ratios (HRs) and 95% CIs. As well as overt bleeding,
subcategories of bleeding were tested for directional
consistency on the basis of the HRs and 95% CIs.
Additional bivariate analyses were done to compare the
risk of bleeding by genetic category and by HAS-BLED
clinical bleeding score, according to the European Society
of Cardiology guideline categorisation for the latter.18,19 On
the basis of previous studies, we assessed outcomes from
the start of study treatment to day 90 and beyond 90 days;
patients could have events in both time periods.20–22
Sensitivity analyses were done at 28 days.
Genotyped patients who had received at least one dose of
study drug were assessed. Analysis was done for the ontreatment period, deﬁned as the time between the ﬁrst
study-drug dose and either the end of the planned treatment
period or 3 days after the last dose of study drug if it was
discontinued early. In a sensitivity analysis, data were
adjusted for covariates that diﬀered across genotype bins
and previous exposure to a vitamin K antagonist. Additionally, separate analyses were done stratiﬁed by previous
exposure and no previous exposure to a vitamin K antagonist. The safety and eﬃcacy of each edoxaban regimen
relative to warfarin were compared in patients stratiﬁed by

Role of the funding source
The funder of the study was involved in the study design
and data collection, but had no role in data analysis or data
interpretation, or writing of the initial report. JLM and MSS
had full access to all the data in the study and had ﬁnal
responsibility for the decision to submit for publication.

Results
14 348 patients who elected to participate in the
pharmacogenetic study were included in the genetic
analysis, of whom 4833 (33·7%) were assigned to
warfarin. Allele frequencies for all genotypes were
similar to those reported in the literature.4 Of patients
assigned warfarin, 2982 (61·7%) were normal responders,
1711 (35·4%) sensitive responders, and 140 (2·9%) highly
sensitive responders. Age, sex, qualifying risk factors,
CHADS2 score, and type of atrial ﬁbrillation were similar
across genotype bins, whereas ethnic origin, region,
creatinine clearance, and weight diﬀered (appendix).
Sensitive and highly sensitive responders were more
likely to be over-anticoagulated than normal responders,
especially soon after the start of treatment (table 1).
Moreover, the mean proportions of time with INR values
greater than 4·0 in the ﬁrst 90 days were 1·7% for normal,
2·5% for sensitive, and 6·6% for highly sensitive
responders (ptrend<0·0001). After 90 days, the proportions
were more similar across genotype bins (table 1). The mean
ﬁnal warfarin doses decreased going from normal to
sensitive to highly sensitive responders (ﬁgure 1, table 1).
Normal responder
Sensitive responder
Highly sensitive responder

15

Incidence of overt bleeding (%)

Genotypes were determined for CYP2C9 (*2 and *3 alleles;
rs1799853 and rs1057910) and VKORC1 (–1639G→A;
rs9923231) after enrolment. Genotyping was done by
Integrated Laboratory Systems (Morrisville, NC, USA).
The genotype acquisition rates were 99·97% for all
three genotypes. The observed genotype frequencies were
similar to those previously reported (appendix), and all
three variants were in Hardy-Weinberg equilibrium. For
analysis we grouped patients by combinations of CYP2C9
and VKORC1 genotypes into three genotype functional
bins that corresponded to the FDA categories for response
in the updated warfarin label: normal, sensitive, and highly
sensitive responders (ﬁgure 1).

HR 2·66 (95% CI 1·69–4·19)
p<0·0001

10
HR 1·31 (95% CI 1·05–1·64)
p=0·0179

5

0
0
Number at risk
Normal responder 2982
Sensitive responder 1711
Highly sensitive responder 140

15

30

45

60

75

90

2695
1522
116

2652
1500
112

Time since randomisation (days)
2899
1677
133

2840
1629
123

2783
1592
120

2739
1556
120

Figure 2: Cumulative incidence of overt bleeding events in the ﬁrst 90 days of treatment among patients
taking warfarin, across genotype bins
HR=hazard ratio.
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Normal responders
(n=2982)

Sensitive responders
(n=1711)

Number of
events

Number of
events

KaplanMeier rates

Sensitive vs normal
responders HR
(95% CI)

KaplanMeier rates

Highly sensitive
responders (n=140)

Number of
events

Highly sensitive
vs normal
responders HR
(95% CI)

KaplanMeier rates

Any overt bleed

179

6·2%

134

8·0%

1·31 (1·05–1·64)

21

15·6%

2·66 (1·69–4·19)

Major or clinically relevant
non-major bleed

133

4·6%

96

5·8%

1·26 (0·97–1·64)

19

14·1%

3·21 (1·99–5·18)

Major bleed
Clinically relevant
non-major bleed

31

1·1%

23

1·4%

1·29 (0·75–2·21)

3

2·3%

2·12 (0·65–6·92)

109

3·8%

78

4·7%

1·25 (0·93–1·67)

18

13·4%

3·69 (2·25–6·06)

HR=hazard ratio.

Table 2: Bleeding outcomes among patients taking warfarin in the ﬁrst 90 days of treatment, across genotype bins

25

Responder status
Normal
Sensitive
Highly sensitive

Incidence of overt bleeding (%)

20

15

10

5

0
<3

≥3
HAS-BLED score

Figure 3: Overt bleeding events in the ﬁrst 90 days of treatment among patients
taking warfarin, across genotype bins and HAS-BLED bleeding risk score
Global p<0∙0001.

Among the patients allocated to warfarin, 334 had an
overt bleeding event in the ﬁrst 90 days. Sensitive and
highly sensitive responders experienced signiﬁcantly
higher rates of bleeding than normal responders
(ﬁgure 2). The direction of results was consistent for
major and clinically relevant non-major bleeding
(table 2). Adjustment of these analyses for clinical
covariates and outcomes in the ﬁrst 28 days yielded
similar ﬁndings (appendix).
Review of the ﬁnal warfarin dosing data revealed that
within the FDA-designated category of normal responders,
wild-type individuals (VKORC1 G/G and CYP2C9*1/*1)
were least sensitive to warfarin. By comparison, the
remaining normal responders, sensitive, and highly
sensitive responders were at an even more pronounced
risk of bleeding (HR 1∙45, 95% CI 1∙05–1∙99, 1∙67,
1∙22–2∙28, and 3∙39, 2∙05–5∙61, respectively; appendix).
When patients were stratiﬁed by genotype and
HAS-BLED clinical bleeding risk score, we found a
4

signiﬁcant gradient of bleeding risk in the ﬁrst 90 days
for each predictor (ﬁgure 3). The lowest bleeding rates
were seen in normal responders with HAS-BLED scores
lower than 3 and the highest in highly sensitive
responders with HAS-BLED scores of 3 or higher.
Analyses stratiﬁed by previous exposure to a vitamin K
antagonist suggested an increased eﬀect in those naive to
these drugs (appendix). Few cases of intracranial
haemorrhage or life-threatening bleeding were seen
during the ﬁrst 90 days of warfarin treatment (appendix).
Beyond 90 days, genotype was not associated with an
increased risk of any overt bleeding, but was associated
with an increased risk of major and life-threatening
bleeding in sensitive responders (table 3, appendix). A
similar trend was seen for life-threatening bleeding in
highly sensitive responders, albeit with a small number
of events (appendix).
Among patients randomised to higher-dose and
lower-dose edoxaban, genotype was not signiﬁcantly
associated with an increased risk of bleeding. In the entire
genetic study population, the overall risk of any overt
bleeding with higher-dose edoxaban compared with
warfarin was HR 0·90 (95% CI 0·83–0·97) and with lowerdose edoxaban compared with warfarin was 0·70 (0·64–
0·75). In the ﬁrst 90 days, there was an increasing gradient
of relative safety across normal, sensitive, and highly
sensitive responders with higher and with lower doses of
edobaxan compared with warfarin (ﬁgure 4). The direction
of results was consistent for major and clinically relevant
non-major bleeding (ﬁgure 4). Comparisons of intracranial
haemorrhage and life-threatening bleeding across
genotype bins were limited by the small number of events
in the ﬁrst 90 days (appendix). Beyond 90 days, the overall
HRs for bleeding were 0·88 (95% CI 0·81–0·95) for
higher-dose edoxaban and 0·69 (0·63–0·75) for lower-dose
edoxaban compared with warfarin, and no signiﬁcant
interaction was seen between genotype and treatment
(ﬁgure 4). These ﬁndings indicate a consistent long-term
safety beneﬁt of edoxaban over warfarin across genotypes.
Among patients taking warfarin, there were only
35 major adverse cardiovascular events in the ﬁrst 90 days.
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Normal responders
(n=2803)

Sensitive responders
(n=1616)

Number of
events

Number of
events

Percentage
per year

Sensitive vs normal
responders HR
(95% CI)

Percentage
per year

Highly sensitive
responders (n=129)

Number of
events

Percentage
per year

Highly sensitive
vs normal
responders HR
(95% CI)

Any overt bleed

777

14·5%

459

14·8%

1·02 (0·91–1·15)

41

17·4%

1·20 (0·88–1·64)

Major or clinically relevant
non-major bleed

637

11·4%

371

11·4%

1·00 (0·88–1·14)

28

11·2%

0·98 (0·67–1·44)

Major bleed

174

2·8%

128

3·6%

1·28 (1·02–1·61)

7

2·4%

0·86 (0·41–1·80)

Clinically relevant
non-major bleed

508

8·9%

279

8·4%

0·94 (0·82–1·09)

24

9·5%

1·06 (0·70–1·62)

HR=hazard ratio.

Table 3: Bleeding outcomes among patients taking warfarin beyond 90 days of treatment, across genotype bins

We found no signiﬁcant associations between genotype
and eﬃcacy within or after 90 days (appendix). No
interactions were seen between eﬃcacy of edoxaban
versus warfarin and genotype (appendix).

Discussion
In this large, prespeciﬁed pharmacogenetic study, we
found that genetic polymorphisms in CYP2C9 and
VKORC1 aﬀect the pharmacological and safety outcomes
of warfarin therapy. Speciﬁcally, sensitive and highly
sensitive responders required lower doses of warfarin to
achieve INR values in the therapeutic range, and were
more likely to be over-anticoagulated than normal
responders, especially in the ﬁrst 90 days of treatment.
During this time period, the risk of overt bleeding with
warfarin was increased by 1·3 times in the sensitive
responders and by 2·7 times in the highly sensitive
responders compared with normal responders. In the ﬁrst
90 days, edoxaban compared with warfarin was associated
with a greater reduction in bleeding risk in sensitive and
highly sensitive responders than in normal responders.
Bleeding complications are the most important
concern related to warfarin therapy because of the narrow
therapeutic range and high degree of variability between
individuals. Genetic variants have been suggested as
a way to assist dose selection.5,23,24 Speciﬁcally, the
CYP2C9*2 and CYP2C9*3 variants result in reduced
catalytic activity and, therefore, reduced metabolism of
the highly active S-enantiomer of warfarin;25 in patients
with the VKORC1 –1639G→A variant, a transcription
factor binding site is altered, which leads to reduced
levels of the molecular target of warfarin.26
Although these genetic variants aﬀect the warfarin
dose required, their eﬀects on clinical outcomes, namely
bleeding, remain debated, and payment for genotyping is
controversial.27 The results from clinical studies have
been mixed, with some showing an association with
bleeding only for variants in CYP2C9,28–31 others only for
variants in VKORC1,32 and others for neither (panel).33,34
Our analysis included nearly 5000 patients taking
warfarin treated in centres worldwide, and prospectively

followed up for a median of nearly 3 years, with
events adjudicated centrally by a committee unaware of
treatment allocation. In this cohort, ﬁrst we validated the
genetic binning provided in the FDA warfarin label.5 Even
within FDA-designated normal responders, however, we
found that wild-type individuals without any risk alleles
in CYP2C9 and VKORC1 were at the lowest bleeding
risk. Second, we showed clear and signiﬁcant associations
between CYP2C9 and VKORC1 genotypes and bleeding
outcomes with warfarin. Third, we showed that these
genetic data oﬀered complementary information to
traditional clinical predictors.
Although the increased risk of any overt bleeding was
most apparent in the ﬁrst 90 days, we found a long-term
excess of serious bleeding subtypes, such as major and
life-threatening bleeding in sensitive and highly sensitive
responders receiving warfarin. Heightened response
to even small doses of warfarin might, therefore, make
some individuals vulnerable to over-anticoagulation and
bleeding from ﬂuctuations in diet, drug–drug interactions, and other environmental factors at any time.
Importantly, our pharmacogenetic study was done in
the context of a randomized, double-blind trial testing
two dosing regimens of edoxaban compared with
warfarin. This study oﬀered the opportunity not only to
assess the eﬀects of pharmacogenetics on warfarin
outcomes, but also the relative safety of a direct oral
anticoagulant compared with warfarin. Overall in
ENGAGE AF-TIMI 48, compared with warfarin, the
two edoxaban regimens were associated with signiﬁcantly
reduced rates of bleeding, including fatal, life-threatening,
intracranial, and major bleeding.14 This genetic analysis
revealed that during the early time period, the reduction
in bleeding seen with edoxaban versus warfarin was
more pronounced in sensitive and highly sensitive
responders than in normal responders. After 90 days, the
beneﬁcial safety proﬁle of edoxaban versus warfarin in
terms of bleeding and cardiovascular mortality was
similar across all the genetic categories.
The aggregate data from multiple clinical trials in
patients with atrial ﬁbrillation suggest that direct factor
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A
Edoxaban

Warfarin

Edoxaban higher
dose vs warfarin

HR (95% CI)

pinteraction

Edoxaban lower
dose vs warfarin

HR (95% CI)

pinteraction

Higher Lower
dose dose
Any overt bleed
Normal responder

6·8%

5·1%

6·2%

1·13 (0·92–1·39) 0·0066

0·83 (0·67–1·04) 0·0036

Sensitive

6·1%

4·6%

8·0%

0·77 (0·59–1·00)

0·58 (0·43–0·76)

Highly sensitive

7·2%

3·5%

15·6%

0·45 (0·22–0·90)

0·21 (0·09–0·53)

Major or clinically relevant non-major bleed
Normal responder

5·1%

3·8%

4·6%

1·15 (0·91–1·45) 0·0012

0·84 (0·65–1·08) 0·0014

Sensitive

4·5%

2·8%

5·8%

0·78 (0·58–1·07)

0·49 (0·34–0·70)

Highly sensitive

3·3%

2·4%

14·1%

0·22 (0·09–0·57)

0·16 (0·05–0·46)

Normal responder

1·1%

0·6%

1·1%

1·08 (0·66–1·77) 0·1657

0·52 (0·28–0·95) 0·2436

Sensitive

0·8%

0·4%

1·4%

0·60 (0·30–1·18)

0·27 (0·11–0·67)

0%

0%

2·3%

Major bleed

Highly sensitive

Clinically relevant non-major bleed
Normal responder

4·1%

3·3%

3·8%

1·12 (0·86–1·45) 0·0042

0·89 (0·68–1·17) 0·0023

Sensitive

3·7%

2·4%

4·7%

0·80 (0·57–1·13)

0·52 (0·36–0·77)

Highly sensitive

3·3%

2·4%

13·4%

0·24 (0·09–0·60)

0·17 (0·06–0·49)

0·05

0·5
Edoxaban safer

2·0

0·05

0·5
Edoxaban safer

Warfarin safer

2·0
Warfarin safer

B
Edoxaban

Warfarin

Edoxaban higher
dose vs warfarin

HR (95% CI)

pinteraction

Edoxaban lower
dose vs warfarin

HR (95% CI)

pinteraction

Higher Lower
dose dose
Any overt bleed
Normal responder

12·2% 10·1%

14·5%

0·85 (0·76–0·94) 0·4533

0·70 (0·63–0·78) 0·5941

Sensitive

13·9% 10·0%

14·8%

0·94 (0·82–1·07)

0·68 (0·59–0·78)

Highly sensitive

13·9%

9·6%

17·4%

0·82 (0·54–1·25)

0·58 (0·37–0·93)

Major or clinically relevant non-major bleed
Normal responder

9·4%

7·7%

11·4%

0·83 (0·74–0·93) 0·1868

0·68 (0·60–0·77) 0·7786

Sensitive

11·2%

7·3%

11·4%

0·98 (0·85–1·14)

0·64 (0·55–0·76)

Highly sensitive

10·7%

6·7%

11·2%

0·98 (0·60–1·61)

0·63 (0·36–1·09)

Major bleed
Normal responder

2·4%

1·7%

2·8%

0·88 (0·70–1·09) 0·7778

0·61 (0·48–0·77) 0·1419

Sensitive

3·1%

1·5%

3·6%

0·87 (0·67–1·12)

0·43 (0·31–0·59)

Highly sensitive

2·9%

2·1%

2·4%

1·25 (0·49–3·19)

0·87 (0·32–2·35)

Clinically relevant non-major bleed
Normal responder

7·3%

6·2%

8·9%

0·82 (0·72–0·94) 0·2030

0·70 (0·61–0·80) 0·7405

Sensitive

8·5%

6·0%

8·4%

1·00 (0·85–1·19)

0·71 (0·59–0·85)

Highly sensitive

8·3%

5·3%

9·5%

0·88 (0·51–1·52)

0·58 (0·31–1·07)

0·05

0·5
Edoxaban safer

2·0

0·05

Warfarin safer

0·5
Edoxaban safer

2·0
Warfarin safer

Figure 4: Safety of edoxaban compared with warfarin, across genotype bins
(A) Kaplan-Meier event rates for ﬁrst 90 days of treatment. (B) Percentage per year beyond 90 days of treatment. HR=hazard ratio.

Xa and thrombin inhibitors are at least as eﬃcacious as
warfarin, reduce mortality, and reduce intracranial
bleeding by around 50%.13,35 The European guideline
for management of patients with atrial ﬁbrillation
recommends considering direct oral anticoagulants over
vitamin K antagonists in patients with CHA2DS2-VASc
6

scores of 2 or higher,19 and the US guidelines are largely
neutral in terms of which type of oral anticoagulant
to use.36 As such, warfarin will continue to be used
because of low cost and wide availability. In cases where
there is a plan to use warfarin, genotyping could identify
close to 40% of patients in whom there is an early
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Panel: Research in context
Systematic review
We searched PubMed with the terms “warfarin”, “genetics”,
“CYP2C9”, and “VKORC1”. Genetic variants have consistently
been shown to aﬀect warfarin dosing, but their eﬀect on
clinical outcomes, especially bleeding, remains debated. Our
search showed mixed relations between genetic variants and
bleeding, with some studies showing only association with
variants in CYP2C9, others showing only associations with
variants in VKORC1, and others associations with neither.
Therefore, in the ENGAGE AF-TIMI 48 trial we aimed to test
whether patients with functional genetic variants in CYP2C9
and VKORC1 experience increased rates of bleeding when
treated with warfarin and, consequently, whether these
genetic variants identify patients who would derive a
diﬀerential beneﬁt from treatment with the direct factor Xa
inhibitor edoxaban instead of warfarin.
Interpretation
Patients with atrial ﬁbrillation were randomly assigned to
warfarin or higher-dose (60 mg) or lower-dose (30 mg)
edoxaban once daily, and those willing were included in the
prespeciﬁed genetic analysis. 14 348 patients (4833
randomised to warfarin) were genotyped for variants in
CYP2C9 and VKORC1 and thereby classiﬁed in the genotype
functional bins normal, sensitive, and highly sensitive
responders. Compared with normal responders, the sensitive
and highly sensitive responders required lower doses of
warfarin to achieve a therapeutic INR and spent a greater
proportion of time over-anticoagulated, especially in the ﬁrst
90 days after the start of treatment. During this time period,
sensitive and highly sensitive responders taking warfarin
experienced signiﬁcantly higher risks of bleeding than normal
responders, with risk being highest in highly sensitive
responders. As a result, edoxaban compared with warfarin
reduced bleeding more so in sensitive and highly sensitive
responders than in normal responders in this early period.

increased risk of over-anticoagulation and bleeding with
use of standard dosing practices. Our ﬁndings, however,
show that this risk could be substantially mitigated by
using edoxaban, or potentially another direct factor Xa or
thrombin inhibitor, instead of warfarin. If warfarin is
used in patients with genotypes associated with sensitive
and highly sensitive response, increased frequency of
INR monitoring and precision dosing seem prudent to
avoid over-anticoagulation, although we did not test this
strategy. For the 60% of patients in the normal responder
category, who might be functionally underdosed with
warfarin initially, we found no early safety beneﬁt with
higher-dose edoxaban compared with warfarin, but a
long-term beneﬁt did emerge.
This study has some potential limitations. First, this
pharmacogenetic cohort included only a small number
of black patients and, therefore, further analyses among
more varied populations will be important.37 Second,

previous studies have compared pharmacogenetic testing
and clinical algorithms for dose selection, focusing on
pharmacodynamic metrics.20–22,38 Our focus was on
clinical outcomes, and dose selection was decided by the
local investigator on the basis of the clinical proﬁles of
patients, which reﬂects current practice. Notably, the
median proportion of time in the therapeutic range with
warfarin in ENGAGE AF-TIMI 48 was 68·4%. This rate
was similar to, if not better than, the standard of care in
the real-world and other clinical-trial settings.39–41 In
settings where the time in therapeutic range is lower, the
eﬀect of genetic variants might be even more pronounced.
Among patients receiving warfarin, a higher rate of
ischaemic outcomes might have been expected among
normal responders than among sensitive or highly
sensitive responders, but owing to the frequency of these
events, the ability to conﬁrm or exclude a pharmacogenetic
interaction was limited. Finally, we included patients
with atrial ﬁbrillation who were being treated with
anticoagulation for stroke prevention. The results might
diﬀer in patients being treated for other disorders.
In conclusion, the results of this study provide strong
evidence that sensitive and highly sensitive responders to
warfarin, classiﬁed by CYP2C9 and VKORC1 genotypes,
spend more time over-anticoagulated and have higher
rates of bleeding than normal responders when treated
with warfarin, especially in the early period after the start
of treatment. For stroke prevention in such patients, a
direct oral anticoagulant such as edoxaban oﬀers a
greater early safety beneﬁt compared with warfarin.
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Thromboembolic Consequences of Subtherapeutic
Anticoagulation in Patients Stabilized on Warfarin Therapy:
The Low INR Study
Nathan P. Clark, Pharm.D., Daniel M. Witt, Pharm.D., Thomas Delate, Ph.D., Melissa Trapp, Pharm.D.,
David Garcia, M.D., Walter Ageno, M.D., Elaine M. Hylek, M.D., and Mark A. Crowther, M.D., for the
Warfarin-Associated Research Projects and Other Endeavors (WARPED) Consortium
Study Objective. To quantify the absolute risk of thromboembolism associated
with a significant subtherapeutic international normalized ratio (INR) in
patients with previously stable anticoagulation while receiving warfarin.
Design. Retrospective, matched cohort analysis.
Setting. Centralized anticoagulation service in an integrated health care
delivery system.
Patients. A total of 2597 adult patients receiving warfarin from January
1998–December 2005; 1080 patients were in the low INR cohort and were
matched to 1517 patients in the therapeutic INR cohort based on index INR
date, indication for warfarin, and age.
Measurements and Main Results. Stable, therapeutic anticoagulation was
defined as two INR values, measured at least 2 weeks apart, within or above
the therapeutic range. The low INR cohort included patients with a third INR
value of 0.5 or more units below their therapeutic range. The therapeutic INR
cohort included patients with a third therapeutic INR value and no INR value
0.2 or more units below their target INR range in the ensuing 90 days. The
primary outcome was anticoagulation-related thromboembolism during the
90 days after the index INR. Secondary outcomes were times to the first
occurrence of anticoagulation-related complications (bleeding,
thromboembolism, or death) in the 90 days after the index INR. Four
thromboembolic events (0.4%) occurred in the low INR cohort and one event
(0.1%) in the therapeutic INR cohort (p=0.214). The differences in the
proportions of thromboembolism, bleeding, or death were not significant
between the cohorts (p>0.05). No significant differences were noted in the
hazard of thromboembolism, bleeding, or death between the cohorts (p>0.05).
Conclusion. Patients with stable INRs while receiving warfarin who experience
a significant subtherapeutic INR value have a low risk of thromboembolism
in the ensuing 90 days. The risk was similar to that observed in a matched
control population in whom therapeutic anticoagulation was maintained.
These findings do not support the practice of anticoagulant bridge therapy
for patients stabilized on warfarin therapy to reduce their risk for
thromboembolism during isolated periods of subtherapeutic anticoagulation.
Key Words: vitamin K antagonist, warfarin, international normalized ratio,
INR, thromboembolism, subtherapeutic anticoagulation, bridge therapy,
anticoagulation management, thrombosis.
(Pharmacotherapy 2008;28(8):960–967)

THROMBOEMBOLIC CONSEQUENCES OF SUBTHERAPEUTIC ANTICOAGULATION Clark et al
Warfarin is highly effective for the prevention
or treatment of both arterial and venous
thromboembolism.1–5 However, optimal use of
warfarin is hampered by unpredictable
pharmacokinetics; thus, even in specialized
anticoagulant management clinics, about 40% of
international normalized ratio (INR) values fall
outside the target therapeutic range. Most outof-range INR values are below the target range.6–9
There are several reasons why patients may
experience an unexpected INR below the usual
therapeutic reference interval: dose omission,
institution of alternate drugs that reduce the
anticoagulant effect of warfarin, increases in
dietary vitamin K intake, and otherwise
unexplainable reductions in the anticoagulant
effect of warfarin. 10–13 For warfarin-treated
patients, thromboembolism has been associated
with subtherapeutic INR values.14 As a result,
some clinicians prescribe bridge therapy with
injectable anticoagulants, such as low-molecularweight heparin (LMWH), in an attempt to reduce
the risk of thrombosis.15, 16
Studies evaluating thromboembolic complications in patients receiving warfarin have
generally associated risk of thrombosis with an
INR value at the time of, or immediately preceding, the complicating event.17, 18 Poor anticoagulation control has also been associated with
increased risk of recurrent venous thromboembolism.19 However, we found no studies that
prospectively evaluated the absolute risk of
thromboembolic complications among patients
stabilized on anticoagulation therapy who during
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the normal course of therapy experience an INR
significantly below their therapeutic range. To
address this knowledge gap, we conducted a
retrospective, longitudinal investigation to assess
and quantify the absolute risk associated with
isolated subtherapeutic anticoagulation in a large
and carefully monitored cohort of patients
receiving warfarin for a variety of indications.
Methods
Study Design and Setting
This retrospective, longitudinal cohort analysis
was conducted at Kaiser Permanente Colorado
(KPCO), a health care delivery system providing
integrated medical care to approximately 450,000
patients in the Denver-Boulder metropolitan area.
All study activities were reviewed and approved
by the KPCO institutional review board.
Anticoagulation services at KPCO are provided
by a centralized Clinical Pharmacy Anticoagulation
Service (CPAS).6 This service provides comprehensive services for all KPCO patients requiring
anticoagulation therapy and monitors more than
7000 patients. Working collaboratively with the
referring physician, CPAS clinical pharmacists
introduce anticoagulation therapy, order relevant
laboratory tests, adjust anticoagulation drugs as
necessary, and refill anticoagulation drug
prescriptions. Details regarding operational
aspects of this service have been described
previously.6 An integrated, electronic medical,
pharmacy, and laboratory records system and the
CPAS database (Dawn-AC; 4S Systems, Ltd.,
Cumbria, United Kingdom) were used to identify
patients, treatments, and outcomes for this study.
Study Participants
Patients treated with warfarin during January
1, 1998 through December 31, 2005, with an INR
value of 0.5 or more units below the patientspecific target INR range lower limit (defined as
the “index low INR”) were assigned to the low
INR cohort. For example, an INR of 1.5 or lower
would qualify as an index INR for a patient with
a target INR range of 2.0–3.0. To identify newly
low INR results, the two INR values preceding
the index low INR had to be within or greater
than the upper limit of the patient-specific INR
target range and obtained at least 2 weeks apart.
Control patients (therapeutic INR cohort) with
an INR value within the patient-specific
therapeutic range (defined as the “index
therapeutic INR”) were identified during the
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same time period. The two INR values preceding
the index therapeutic INR had to be within or
greater than the upper limit of the patientspecific INR target range and obtained at least 2
weeks apart. Patients in the therapeutic INR
cohort could not have an INR measurement 0.2
or more units below the patient-specific target
INR range lower limit at any time during the 90
days after the index INR. The INR criteria for
cohort determination are graphically depicted in
Figure 1.
Patients in the therapeutic INR cohort were
matched to those in the low INR cohort at a ratio
of up to 2:1 based on the index INR date (± 15
days), indication for warfarin therapy (venous
thromboembolism, atrial fibrillation, heart valve
disorder, or other), and age (± 5 yrs). All
patients were required to have continuous
enrollment in KPCO during the 180 days before
the index INR. Patients were excluded if they
were receiving warfarin with a target INR range
lower limit of less than 2.0, or had a prescribed
interruption of warfarin for any reason (e.g., an
invasive procedure) during the 90-day follow-up.
Patients in the low INR cohort could not be
included in the therapeutic cohort during a later
period of INR stability. The cohorts were
mutually exclusive.
Study Outcomes and Data Collection
The primary outcome was occurrence of an
anticoagulation-related thromboembolic complication during the 90 days after the index INR.
The secondary outcomes were the times to the
first occurrence of a verified anticoagulation

Inclusion period:
INR values must be within or above
the upper limit of the therapeutic range

therapy–related complication (thrombosis,
hemorrhage, or death) during the 90 days after
the index INR.
Thromboembolic complications were defined
as any venous thromboembolism, cerebrovascular
accident, transient ischemic attack, systemic
embolism, or heart valve thrombosis. Bleeding
complications included episodes such as gastrointestinal hemorrhage, hematoma, hemarthrosis,
hemoptysis, and hematuria. Major hemorrhage
was identified and defined as a bleeding event
requiring transfusion of 2 or more units of red
blood cells or surgical correction, an event
causing a decrease in hemoglobin concentration
of 2 g/dl or more, or any intracranial, intraarticular, intraocular, or retroperitoneal bleeding.
Complications were identified through queries
of the KPCO integrated, electronic claims
database by using predefined International
Classification of Diseases, Ninth Revision (ICD-9)
codes and verified through medical record review
using a standardized data abstraction form.
Deaths were identified from the KPCO integrated, electronic membership database. Fatal
events were assessed for direct relationship to
hemorrhage or thromboembolism and validated
through review of the medical record and/or
death certificate. The relationship to anticoagulation therapy for all identified complications was
confirmed by two reviewers (N.C. and M.T.)
blinded to cohort designation and the INR data at
the time of the event, using a modified Naranjo
adverse drug reaction probability scale. 20
Disagreements between reviewers were resolved
by a third reviewer (M.C., E.H., or D.G.).

Low INR cohort

Third INR is ≥ 0.5 unit
below lower limit of
therapeutic range
≥ 2 weeks

First INR

90-day follow-up:
No specific INR
criteria

≥ 2 weeks

Second INR
Third INR must be
within therapeutic
range

90-day follow-up:
No INR ≤ 0.2 unit
below lower limit of
therapeutic range

Therapeutic INR cohort
Figure 1. International normalized ratio (INR) requirements for designation of the low INR and therapeutic INR cohorts.
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Information on comorbidities (hypertension,
diabetes mellitus, heart failure, cancer [excluding
squamous and basal cell carcinoma]) in the 180
days before the index INR and previous
cerebrovascular accident, transient ischemic
attack, thrombosis, and surgery in the 90 days
before the index INR were identified from the
KPCO clinic visits integrated, electronic database
by using predefined ICD-9 codes. Information
on age, sex, indication for warfarin use, target
INR range, INR values, INR test dates, date of
initiation of warfarin therapy, and warfarin
dosing was obtained from the Dawn-AC
database. Information on purchase of estrogen
therapy (a thromboembolic risk factor)
prescriptions during the 90 days preceding the
index INR and use of heparin therapy in the 90
days after the index INR was obtained from the
KPCO integrated, electronic pharmacy database.
Statistical Analysis
Baseline characteristics between patients in the
low INR and therapeutic INR cohorts were
compared by using the McNemar’s test of
association for proportions and the Wilcoxon test
(for nonnormally distributed continuous
variables) or matched t tests (for normally
distributed continuous variables) for matched
data. Conditional proportional hazards modeling
was used to estimate the hazard ratios and their
95% confidence intervals (with and without
adjustment for potential confounders) for
anticoagulation therapy–related complications
among the low INR cohort in relation to the
therapeutic INR cohort. Censoring was
performed at termination of KPCO membership
or death, time of event, or 90 days after the index
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INR date, whichever came first. A unique match
identification number was assigned to each
matched set of patients and entered into the
model as a cluster variable to account for the
correlations within the matched sets and provide
unbiased standard error estimates.
A global model was constructed with the
dependent variable being the time interval from
the index INR until the first occurrence of any
anticoagulation therapy–related complication or
censoring. In addition, conditional proportional
hazards modeling was performed to estimate the
hazard ratios and their 95% confidence intervals
for each individual complication (bleeding,
thromboembolism, or death). The models were
constructed by using matching variables (index
INR date, anticoagulation indication, and age)
and variables that were statistically significantly
different between the groups in the univariate
analysis. Figure 2 contains information on the
variables included in the models.
Results
A total of 5348 and 4110 patients met initial
inclusion criteria for the therapeutic INR and low
INR cohorts, respectively. After exclusions for
noncontinuous KPCO enrollment and prescribed
interruptions of warfarin therapy, 3469 and 1562
patients were available for matching in the
therapeutic INR and low INR cohorts, respectively.
A total of 1080 patients in the low INR cohort
were matched to 1517 patients in the therapeutic
INR cohort.
The indications for anticoagulation are listed in
Table 1. The most common indication for
anticoagulation was atrial fibrillation (46%). The
proportions of patients with a diagnosis of

Unadjusted time to death
Adjusteda time to death
Unadjusted time to thrombosis
Adjusteda time to thrombosis
Unadjusted time to bleeding
Adjusteda time to bleeding
0.50

0.60

0.70

0.80

0.90

1

2

3

4

5

6

7

8

9

10

~

15

Hazard Ratio

Figure 2. Hazard ratios for anticoagulation-related complications in the low INR cohort. aAdjusted for clustering of matched
observations, matched variables, sex, percentage of previous INR values within the therapeutic range, diabetes mellitus, heart
failure, and previous thrombosis.
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Table 1. Baseline Characteristics by INR Status
Low INR
Cohort
Characteristic
(n=1080)
Age (yrs)b
In-range INRs during
pre–index INR period (%)
Male
INR target
2.5
≥ 3.0
Primary indication for
anticoagulation therapy
Atrial fibrillation
Venous thromboembolism
Heart valve disorder
Other
Thromboembolic risk factors
Diabetes mellitus
Hypertensionc
Heart failurec
History of thrombosisc, d
History of strokec
Cancerc
Recent surgerye
Estrogen therapye
Thrombophiliaf
Missed warfarin dose before
index INR
Index INR
No. of days to index INR
measurementg

Therapeutic INR
Cohort
(n=1517)
Mean ± SD
68.3 ± 13.5
68.5 ± 13.0
65.1 ± 30.0
55.6 ± 26.1
No. (%) of Patients
534 (49.4)
816 (53.8)

p Valuea
0.472
<0.001

0.018

998 (92.4)
82 (7.6)

1459 (96.2)
58 (3.8)

<0.001
<0.001

494 (45.7)
372 (34.4)
46 (4.3)
168 (15.6)

693 (45.7)
546 (36.0)
53 (3.5)
225 (14.8)

0.977
0.416
0.361
0.580

222 (20.6)
346 (32.0)
180 (16.7)
211 (19.5)
1 (0.1)
8 (0.7)
22 (2.0)
87 (8.1)
45 (4.2)

255 (16.8)
520 (34.3)
221 (14.6)
384 (25.3)
3 (0.2)
17 (1.1)
29 (1.9)
118 (7.8)
65 (4.3)

0.053
0.158
0.165
<0.001
0.603
0.236
0.939
0.637
0.878

298 (27.6)
8 (0.5)
Median (interquartile range)
1.4 (1.3–1.5)
2.6 (2.3–3.1)

<0.001
<0.001

458 (151–1305)

<0.001

162 (70–370)

INR = international normalized ratio.
a
Adjusted for clustering of matched observations and matching variables (if variable was used in matching,
adjusted for clustering and other matching variables).
b
As of date of index INR measurement.
c
During the 180 days before the index INR.
d
Any arterial or venous thrombosis.
e
During the 90 days before the index INR.
f
Anticardiolipin antibody, antiphospholipid antibody, antithrombin deficiency, elevated factor VIII activity, factor V
Leiden, hyperhomocysteinemia, lupus anticoagulant, nephrotic syndrome, protein C deficiency, protein S
deficiency, prothrombin 20210 mutation.
g
From start of warfarin therapy.

diabetes, hypertension, heart failure, previous
stroke, and cancer were similar between the
cohorts (p>0.05). The therapeutic INR cohort
had a higher proportion of male patients, patients
with an INR target of 2.5, and patients with a
history of thrombosis.
The overall rate of anticoagulation-related
thromboembolic complications was low and
similar in both groups (p=0.214; Table 2). There
were five anticoagulation-related thromboembolic
events, four (0.4%) in the low INR cohort and
one (0.1%) in the therapeutic INR cohort. These
included three transient ischemic attacks, one

cerebrovascular accident, and one upper extremity
arterial thromboembolism. The INR value was
below the therapeutic range at the time of
thrombosis in three of the events and was not
available in the remaining two events. There
were no fatal thromboembolic events. Table 3
presents the details of these events.
No statistically significant differences were
noted between the cohorts in proportions of
patients with anticoagulation-related bleeding
events (p=0.151) or death (p=0.766; Table 2).
Also, no statistically significant differences were
noted in the hazard ratios of anticoagulation-

THROMBOEMBOLIC CONSEQUENCES OF SUBTHERAPEUTIC ANTICOAGULATION Clark et al
Table 2. Characteristics by INR Status During the 90-Day Follow-up Period
Low INR
Therapeutic INR
Cohort
Cohort
Characteristic
(n=1080)
(n=1517)
Mean ± SD
In-range INRs during follow-up (%)
51.0 ± 30.7
68.2 ± 33.8
Percent change in warfarin dose
7.4 ± 17.4
-0.9 ± 5.4
No. (%) of Patients
Received heparin or LMWH
13 (1.2)
6 (0.4)
Received warfarin dose boostb
702 (65.0)
5 (0.3)
Deceased
37 (3.4)
48 (3.2)
Anticoagulation-related
complications
Death
2 (0.2)
3 (0.2)
Thrombosis
4 (0.4)
1 (0.1)
Bleeding
16 (1.5)
12 (0.8)
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p Valuea
<0.001
<0.001
0.075
<0.001
0.689
0.766
0.214
0.151

INR = international normalized ratio; LMWH = low-molecular-weight heparin.
a
Adjusted for clustering of matched observations and matching variables.
b
A 1- or 2-day dose escalation (1.25–2 x usual daily dose) in response to index INR.

Table 3. Details of the Five Thromboembolic Events During the 90-Day Follow-up
Indication for
Anticoagulation Event
Patient Characteristics
Arterial TE
Arterial TE
83-year-old woman with a history of heart
failure, diabetes mellitus, hyperlipidemia
CVA

TIA

Atrial
fibrillation
Prosthetic
mitral valve

CVA

CVA

TIA

TIA

70-year-old man with a history of several
cerebral ischemic events, hypertension,
diabetes mellitus
83-year-old woman with history of heart failure,
hypertension, and pulmonary embolism
48-year-old woman with a St. Jude’s bileaflet
valve, atrial fibrillation, and diabetes mellitus
80-year-old man with history of carotid stenosis,
diabetes mellitus, hypertension, and coronary
artery disease

Description
Embolus to left third and fourth
fingers, improved with unfractionated
heparin and nifedipine
Slurred speech and dizziness,
CT scan negative, symptoms resolved
spontaneously
Right-hemisphere CVA
Numbness and weakness of left upper
extremity, CT scan negative,
symptoms resolved
Acute mental status changes and
incontinence, CT scan negative twice

TE = thromboembolism; TIA = transient ischemic attack; CT = computed tomography; CVA = cerebral vascular accident.

related thrombosis, bleeding, or death between
the cohorts for both the unadjusted and adjusted
time-to-event analysis in the 90 days after the
index INR (Figure 2).
Ten major hemorrhagic events occurred: three
(0.3%) in the low INR cohort and seven (0.5%)
in the therapeutic INR cohort (p>0.05). These
included five fatal bleeding events (four
intracranial hemorrhages and one gastrointestinal
bleed): two in the low INR cohort and three in
the therapeutic INR cohort (p>0.05). The mean
± SD INR at the time of bleeding event was 3.2 ±
1.9 in the low INR cohort and 2.9 ± 0.6 in the
therapeutic INR cohort. Overall, deaths were
similar in both groups, occurring in 3.4% of the
low INR cohort and 3.2% of the therapeutic INR

cohort (p=0.689).
Patients in the therapeutic INR cohort had a
higher proportion of out-of-range INR values in
the pre–index INR period compared with those
patients in the low INR cohort (44% vs 35%,
p<0.001). In the 90-day follow-up period, the
therapeutic INR cohort had a higher proportion
of INR values in range (p<0.001; Table 2). Of
note, 28% of patients in the low INR cohort had
documentation of missed warfarin doses before
the index INR (Table 1).
Sixty-five percent of patients in the low INR
cohort received a warfarin dose boost, defined as
a 25–100% increase in the daily dose for 1 or 2
days in response to the index low INR. The
mean weekly warfarin dose increased by 7% in
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response to the index INR in the low INR cohort
and was unchanged in the therapeutic INR
cohort (Table 2). The first INR value after the
index INR remained 0.5 unit below the
therapeutic INR range in 138 patients (12.7%) in
the low INR cohort, and 58 patients (5.4%) had a
third consecutive subtherapeutic INR. None of
the four thrombotic events occurred among these
subgroups.
Discussion
This retrospective study of established warfarin
patients with relatively stable INR control
enrolled in a large anticoagulation service found
no association between an isolated low INR and
increased risk for objectively confirmed arterial
or venous thromboembolism during the 90-day
follow-up period. The risk of thromboembolism
in these patients was similar to that seen in
matched control patients without similar low
INRs during the 90-day follow-up. This finding
suggests that the absolute risk associated with an
unexpected isolated subtherapeutic INR is low.
Subtherapeutic anticoagulation has been
established as a risk factor for stroke in atrial
fibrillation.14, 21 In a previous case-control study,
the odds of stroke doubled with INR values equal
to 1.7 and tripled with an INR of 1.5 or less,
compared with INR values of 2.0 or greater.14 A
comprehensive review of anticoagulant therapy
for patients with mechanical heart valves
similarly suggests increased risk of valve
thrombosis and arterial thromboembolism with
lower intensity anticoagulation.22 Patients with
unprovoked venous thromboembolism treated
for 3 months with standard intensity anticoagulation (INR 2.0–3.0) who were then randomly
assigned to lower intensity anticoagulation (INR
1.5–1.9) had increased risk of recurrent venous
thromboembolism compared with those continuing with standard anticoagulation intensity.23
These data suggest subtherapeutic INR values
confer an increased risk for subsequent
thrombosis. However, to our knowledge, no
previous study has attempted to prospectively
quantify the 90-day absolute risk of thrombosis
associated with isolated subtherapeutic INR
values that occur commonly in routine clinical
practice.
It is important to consider the setting within
which patients were managed when interpreting
our results. Timely and careful follow-up by
CPAS pharmacists to ensure that the INR
returned to the target range quickly may have

contributed to the low event rate. These results
may be less generalizable to institutions where
timely follow-up is not the standard. In addition,
the effect of a warfarin dose boost is unknown
but may have facilitated a quicker return to the
therapeutic range. Unfractionated heparin and
LMWH use during the follow-up period was
infrequent (1.2%), reducing the likelihood that
bridge therapy produced the observed low rates
of thromboembolism.
Given the low rate of thromboembolic events,
we interpret our results to suggest that patients
stabilized on warfarin therapy who present with a
single low INR value do not require any specific
therapy other than warfarin dosage adjustment
and increased frequency of INR monitoring to
ensure a rapid return to their prescribed reference
INR range. Our observations do not support the
use of bridge therapy with a rapid-acting,
injectable anticoagulant such as LMWH for these
patients. Such therapy is unlikely to reduce the
rate of thrombosis significantly, is expensive, and
has the potential to cause bleeding.24
Strengths of this study include its large sample
size, carefully defined patient populations,
uniform and complete follow-up and outcome
ascertainment, independent review of low INRs
to rule out prescribed warfarin interruption, and
blinded independent adjudication of outcome
events. The retrospective nature of the study
may have resulted in incomplete capture of some
outcome events. However, the rigorous monitoring provided by CPAS minimized the
likelihood of undetected clinically important
outcome events such as bleeding, thrombosis, or
death. Our findings were reported at the
population level, and extrapolation to high-risk
subgroups, such as patients with mechanical
heart valves and recent (within 1 mo) venous
thromboembolic events, should be done with
caution. The hazard ratio estimates in the timeto-event analysis should be interpreted cautiously
because of the small number of events observed.
Nevertheless, our study included a large sample,
increasing the likelihood that clinically important
differences in the outcome event rate between the
two groups enrolled in the study should have
been detected.
Conclusion
Patients stabilized on warfarin therapy who
experience an episode of subtherapeutic
anticoagulation (INR ≥ 0.5 unit below the lower
limit of their target range) have a low risk for
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thromboembolism in the ensuing 90 days. The
risk was similar to that observed in a matched
control population in which therapeutic
anticoagulation was maintained. These findings
do not support the practice of bridge therapy
with a rapid-acting parenteral anticoagulant for
patients stabilized on warfarin therapy in order to
reduce their risk of thromboembolism during
isolated periods of significant subtherapeutic
anticoagulation.
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Comparison of the eﬃcacy and safety of new oral
anticoagulants with warfarin in patients with atrial
ﬁbrillation: a meta-analysis of randomised trials
Christian T Ruﬀ, Robert P Giugliano, Eugene Braunwald, Elaine B Hoﬀman, Naveen Deenadayalu, Michael D Ezekowitz, A John Camm,
Jeﬀrey I Weitz, Basil S Lewis, Alexander Parkhomenko, Takeshi Yamashita, Elliott M Antman

Summary
Background Four new oral anticoagulants compare favourably with warfarin for stroke prevention in patients
with atrial ﬁbrillation; however, the balance between eﬃcacy and safety in subgroups needs better deﬁnition. We
aimed to assess the relative beneﬁt of new oral anticoagulants in key subgroups, and the eﬀects on important
secondary outcomes.
Methods We searched Medline from Jan 1, 2009, to Nov 19, 2013, limiting searches to phase 3, randomised trials
of patients with atrial ﬁbrillation who were randomised to receive new oral anticoagulants or warfarin, and trials
in which both eﬃcacy and safety outcomes were reported. We did a prespeciﬁed meta-analysis of all
71 683 participants included in the RE-LY, ROCKET AF, ARISTOTLE, and ENGAGE AF–TIMI 48 trials. The main
outcomes were stroke and systemic embolic events, ischaemic stroke, haemorrhagic stroke, all-cause mortality,
myocardial infarction, major bleeding, intracranial haemorrhage, and gastrointestinal bleeding. We calculated
relative risks (RRs) and 95% CIs for each outcome. We did subgroup analyses to assess whether diﬀerences in
patient and trial characteristics aﬀected outcomes. We used a random-eﬀects model to compare pooled outcomes
and tested for heterogeneity.
Findings 42 411 participants received a new oral anticoagulant and 29 272 participants received warfarin. New oral
anticoagulants signiﬁcantly reduced stroke or systemic embolic events by 19% compared with warfarin (RR 0·81,
95% CI 0·73–0·91; p<0·0001), mainly driven by a reduction in haemorrhagic stroke (0·49, 0·38–0·64; p<0·0001).
New oral anticoagulants also signiﬁcantly reduced all-cause mortality (0·90, 0·85–0·95; p=0·0003) and intracranial
haemorrhage (0·48, 0·39–0·59; p<0·0001), but increased gastrointestinal bleeding (1·25, 1·01–1·55; p=0·04). We
noted no heterogeneity for stroke or systemic embolic events in important subgroups, but there was a greater relative
reduction in major bleeding with new oral anticoagulants when the centre-based time in therapeutic range was less
than 66% than when it was 66% or more (0·69, 0·59–0·81 vs 0·93, 0·76–1·13; p for interaction 0·022). Low-dose new
oral anticoagulant regimens showed similar overall reductions in stroke or systemic embolic events to warfarin (1·03,
0·84–1·27; p=0·74), and a more favourable bleeding proﬁle (0·65, 0·43–1·00; p=0·05), but signiﬁcantly more
ischaemic strokes (1·28, 1·02–1·60; p=0·045).
Interpretation This meta-analysis is the ﬁrst to include data for all four new oral anticoagulants studied in the pivotal
phase 3 clinical trials for stroke prevention or systemic embolic events in patients with atrial ﬁbrillation. New oral
anticoagulants had a favourable risk–beneﬁt proﬁle, with signiﬁcant reductions in stroke, intracranial haemorrhage,
and mortality, and with similar major bleeding as for warfarin, but increased gastrointestinal bleeding. The relative
eﬃcacy and safety of new oral anticoagulants was consistent across a wide range of patients. Our ﬁndings oﬀer
clinicians a more comprehensive picture of the new oral anticoagulants as a therapeutic option to reduce the risk of
stroke in this patient population.

Published Online
December 4, 2013
http://dx.doi.org/10.1016/
S0140-6736(13)62343-0
See Online/Comment
http://dx.doi.org/10.1016/
S0140-6736(13)62376-4
Brigham and Women’s Hospital
and Harvard Medical School,
Boston, MA, USA (C T Ruﬀ MD,
R P Giugliano MD,
Prof E Braunwald MD,
E B Hoﬀman PhD,
N Deenadayalu MPH,
Prof E M Antman MD); Jeﬀerson
Medical College, Philadelphia,
PA, and Cardiovascular
Research Foundation,
New York, NY, USA
(Prof M D Ezekowitz MBChB);
St George’s University, London,
UK (Prof A J Camm MD);
McMaster University and the
Thrombosis and
Atherosclerosis Research
Institute, Hamilton, ON,
Canada (Prof J I Wetiz MD);
Lady Davis Carmel Medical
Center, Haifa, Israel
(Prof B S Lewis MD); Institute of
Cardiology, Kiev, Ukraine
(Prof A Parkhomenko MD); and
The Cardiovascular Institute,
Tokyo, Japan
(Prof T Yamashita MD)
Correspondence to:
Dr Christian T Ruﬀ, Thrombolysis
in Myocardial Infarction (TIMI)
Study Group, 350 Longwood
Avenue, 1st Floor Oﬃces,
Boston, MA 02115, USA
cruﬀ@partners.org

Funding None.

Introduction
Atrial ﬁbrillation, the most common sustained cardiac
arrhythmia, predisposes patients to an increased risk of
embolic stroke and has a higher mortality than sinus
rhythm.1,2 Until 2009, warfarin and other vitamin K
antagonists were the only class of oral anticoagulants
available. Although these drugs are highly eﬀective in
prevention of thromboembolism, their use is limited by a
narrow therapeutic index that necessitates frequent
monitoring and dose adjustments resulting in substantial

risk and inconvenience. This limitation has translated
into poor patient adherence and probably contributes to
the systematic underuse of vitamin K antagonists for
stroke prevention.3,4
Several new oral anticoagulants have been developed
that dose-dependently inhibit thrombin or activated
factor X (factor Xa) and oﬀer potential advantages over
vitamin K antagonists, such as rapid onset and oﬀset of
action, absence of an eﬀect of dietary vitamin K intake
on their activity, and fewer drug interactions. The
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predictable anticoagulant eﬀects of the new anticoagulants enable the administration of ﬁxed doses
without the need for routine coagulation monitoring,
thereby simplifying treatment. Individually, new oral
anticoagulants are at least as safe and eﬀective as
warfarin for prevention of stroke and systemic embolism
in patients with atrial ﬁbrillation.5–8 Dabigatran, rivaroxaban, and apixaban have been approved by regulatory
authorities, whereas edoxaban has completed late-stage
clinical assessment.
Although previously published meta-analyses have
been done of trials comparing new oral anticoagulants
with warfarin in patients with atrial ﬁbrillation,9–13 this
analysis is the ﬁrst to include data from the Eﬀective
Anticoagulation with Factor Xa Next Generation in
Atrial Fibrillation–Thrombolysis In Myocardial Infarction study 48 (ENGAGE AF-TIMI 48)8,14 with edoxaban,
the largest of the four trials. All four trials were powered
to address their primary endpoints; however, the balance
between eﬃcacy and safety in important clinical subgroups needs better deﬁnition. We aimed to enhance

Age (years)

RE-LY5

ROCKET-AF6

Dabigatran Dabigatran Warfarin
(n=6022)
110 mg
150 mg
(n=6076) (n=6015)

Rivaroxaban
(n=7131)

precision in assessment of the relative beneﬁt of new oral
anticoagulants in key subgroups, and the eﬀects of
these drugs on important secondary outcomes, to oﬀer
clinicians a more comprehensive picture of the new oral
anticoagulants as a therapeutic option to reduce the risk
of stroke in patients with atrial ﬁbrillation.

Methods
Study selection
We undertook a prespeciﬁed analysis of the four phase 3,
randomised trials comparing the eﬃcacy and safety of
new oral anticoagulants with warfarin for stroke prevention in patients with atrial ﬁbrillation: Randomized
Evaluation of Long Term Anticoagulation Therapy
(RE-LY; dabigatran),5 Rivaroxaban Once Daily Oral Direct
Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism
Trial in Atrial Fibrillation (ROCKET AF),6 Apixaban for
Reduction in Stroke and Other Thromboembolic Events
in Atrial Fibrillation (ARISTOTLE),7 and the ENGAGE
AF–TIMI 48 study (edoxaban).8

ARISTOTLE7
Warfarin
(n=7133)

Apixaban
(n=9120)

ENGAGE AF-TIMI 488
Warfarin
(n=9081)

Edoxaban
60 mg
(n=7035)

Edoxaban
30 mg
(n=7034)

Combined
Warfarin
(n=7036)

NOAC
Warfarin
(n=42 411) (n=29 272)

71·5 (8·8)

71·4 (8·6)

71·6 (8·6)

73 (65–78)

73 (65–78)

70 (63–76) 70 (63–76)

72 (64–68) 72 (64–78) 72 (64–78)

71·6

71·5

40%

38%

39%

43%

43%

31%

31%

41%

40%

40%

38%

38%

37%

36%

37%

40%

40%

36%

35%

39%

39%

38%

38%

37%

Persistent or permanent

67%

68%

66%

81%

81%

85%

84%

75%

74%

75%

76%

77%

Paroxysmal

33%

32%

34%

18%

18%

15%

16%

25%

26%

25%

24%

22%

≥75 years
Women
Atrial ﬁbrillation type

CHADS2*

2·2 (1·2)

2·1 (1·1)

2·1 (1·1)

3·5 (0·94)

3·5 (0·95)

2·1 (1·1)

2·1 (1·1)

2·8 (0·97)

2·8 (0·97)

2·8 (0·98)

2·6 (1·0)

2·6 (1·0)

0–1

32%

33%

31%

0

0

34%

34%

<1%

<1%

<1%

17%

17%

2

35%

35%

37%

13%

13%

36%

36%

46%

47%

47%

35%

33%

3–6

33%

33%

32%

87%

87%

30%

30%

54%

53%

53%

48%

50%

Previous stroke or TIA*

20%

20%

20%

55%

55%

19%

18%

28%

29%

28%

29%

30%

Heart failure†

32%

32%

32%

63%

62%

36%

35%

58%

57%

58%

46%

47%

Diabetes

23%

23%

23%

40%

40%

25%

25%

36%

36%

36%

31%

31%

Hypertension

79%

79%

79%

90%

91%

87%

88%

94%

94%

94%

88%

88%

Prior myocardial infarction

17%

17%

16%

17%

18%

15%

14%

11%

12%

12%

15%

15%

<50 mL/min

19%

19%

19%

21%

21%

17%

17%

20%

19%

19%

19%

19%

50–80 mL/min

48%

49%

49%

47%

48%

42%

42%

43%

44%

44%

45%

45%

>80 mL/min

32%

32%

32%

32%

31%

41%

41%

38%

38%

37%

36%

36%

Previous VKA use§

50%

50%

49%

62%

63%

57%

57%

59%

59%

59%

57%

57%

Aspirin at baseline

39%

40%

41%

36%

37%

31%

31%

29%

29%

30%

34%

34%

2·0

2·0

2·0

1·9

1·9

1·8

1·8

2·8

2·8

2·8

2·2

Creatinine clearance‡

Median follow-up (years)¶
Individual median TTR

NA

NA

67 (54–78)

NA

58 (43–71)

NA

66 (52–77)

NA

NA

68 (57–77)

NA

2·2
65 (51–76)

Data are mean (SD), median (IQR), or percent, unless otherwise indicated. NOAC=new oral anticoagulant. CHADS2=stroke risk factor scoring system in which one point is given for history of congestive heart
failure, hypertension, age ≥75 years, and diabetes, and two points are given for history of stroke or transient ischaemic attack. TIA=transient ischaemic attack. VKA=vitamin K antagonist. TTR=time in therapeutic
range. NA=not available. *ROCKET-AF and ARISTOTLE included patients with systemic embolism. †ROCKET-AF included patients with left ventricular ejection fraction <35%; ARISTOTLE included those with left
ventricular ejection fraction<40%. ‡RE-LY <50 mL/min, 50–79 mL/min, ≥80 mL/min; ARISTOTLE ≤50 mL/min, >50–80 mL/min, >80 mL/min. §RE-LY, ARISTOTLE, and ENGAGE AF-TIMI 48 patients who used
VKAs for ≥61 days; ROCKET AF patients who used VKAs for ≥6 weeks at time of screening. ¶IQRs not available.

Table: Baseline characteristics of the intention-to-treat populations of the included trials
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Statistical analysis
We obtained information about the following outcomes
from the main trial publications, supplemental appendices, and relevant subsequent analyses:5–8,15–23 stroke
and systemic embolic events, ischaemic stroke,
haemorrhagic stroke, all-cause mortality, myocardial
infarction, major bleeding, intracranial haemorrhage
(including haemorrhagic stroke, epidural, subdural,
and subarachnoid haemorrhage), and gastrointestinal
bleeding. When possible, we did analyses with the
intention-to-treat population for eﬃcacy outcomes and
with the safety population for bleeding outcomes. In
RE-LY5 and ENGAGE AF–TIMI 48,8 two doses of
dabigatran and edoxaban, respectively, were compared
with warfarin. Rather than combining data with both
doses into one meta-analysis, which would merge the
beneﬁt and risk of diﬀerent doses, potentially compromising interpretability, we undertook a metaanalysis with both higher doses (dabigatran 150 mg
twice daily for RE-LY and edoxaban 60 mg once daily for
ENGAGE AF–TIMI 48) combined with the single doses
studied in ROCKET AF6 (rivaroxaban 20 mg once daily)
and ARISTOTLE7 (5 mg twice daily). In a separate
analysis we undertook a meta-analysis of the two lower
doses (dabigatran 110 mg twice daily for RE-LY and
edoxaban 30 mg once daily for ENGAGE AF–TIMI 48).
We did two sensitivity analyses including a meta-analysis of only the factor Xa inhibitors, with removal of the
thrombin inhibitor dabigatran, and an analysis combining all doses of all drugs (both high and low doses of
dabigatran and edoxaban with rivaroxaban and apixaban). We did not use any data from phase 2 doseranging studies because of their small sample size and
short follow-up, which precluded comparable ascertainment for all the outcomes analysed.
We calculated relative risks (RRs) and corresponding
95% CIs for each outcome and trial separately and
checked ﬁndings against published data for accuracy.
When necessary, we calculated numbers of outcome
events on the basis of event rates, sample size, and
duration of follow-up. Outcomes were then pooled and
compared with a random-eﬀects model.24 We assessed the
appropriateness of pooling of data across studies with use
of the Cochran Q statistic and I² test for heterogeneity.25

We assessed comparative eﬃcacy and safety for stroke
or systemic embolic events and for major bleeding (the
primary eﬃcacy and safety outcomes) in important
clinical subgroups: age (<75 vs ≥75 years), sex, history of
previous stroke or transient ischaemic attack, history
of diabetes, renal function (creatinine clearance
<50 mL/min, 50–80 mL/min, >80 mL/min), CHADS2
risk score (0–1, 2, 3–6), vitamin K antagonist status at
study entry (naive or experienced), and centre-based
time in therapeutic range (threshold of <66% vs ≥66%).
The centre-based time in therapeutic range is the mean
time in therapeutic range at each enrolling centre
achieved in its patients randomised to warfarin. The
range is used as a surrogate of the quality of control of
international normalised ratio for all the patients
receiving warfarin at that site. All four of the trials
reported the centre-based time in therapeutic range
achieved in their respective warfarin groups by quartiles.
We selected our threshold of centre-based time in
therapeutic range because RE-LY, ROCKET AF, and
ARISTOTLE all had a quartile boundary near 66% and
because the threshold diﬀerentiates the eﬃcacy and
safety of oral anticoagulants from dual antiplatelet
therapy.6,16,22 Because we had access to the clinical
database in ENGAGE AF–TIMI 48, we could run this
analysis at a threshold of 66%. We did all analyses with
Comprehensive Meta-Analysis software (version 2).

Role of the funding source
There was no funding source for this study. All
authors had full access to all the data in the study and
had ﬁnal responsibility for the decision to submit for
publication.

Results
42 411 participants received a new oral anticoagulant and
29 272 participants received warfarin. The table shows
baseline characteristics for each study. The average age
of patients was similar between trials as was the
proportion of women recruited (table). However, the
underlying risk for stroke diﬀered signiﬁcantly across
the trials as shown by the proportion of patients with
CHADS2 scores of 3–6 (table). Median follow-up ranged
from 1·8 years to 2·8 years and the median time in

NOAC (events) Warfarin (events)

RR (95% CI)

RE-LY5*

134/6076

199/6022

0·66 (0·53–0·82)

p
0·0001

ROCKET AF6†

269/7081

306/7090

0·88 (0·75–1·03)

0·12
0·012

ARISTOTLE7‡

212/9120

265/9081

0·80 (0·67–0·95)

ENGAGE AF–TIMI 488§

296/7035

337/7036

0·88 (0·75–1·02)

0·10

Combined (random)

911/29 312

1 107/29 229

0·81 (0·73–0·91)

<0·0001

0·5

1·0
Favours NOAC

2·0
Favours warfarin

Figure 1: Stroke or systemic embolic events
Data are n/N, unless otherwise indicated. Heterogeneity: I²=47%; p=0·13. NOAC=new oral anticoagulant. RR=risk ratio. *Dabigatran 150 mg twice daily. †Rivaroxaban
20 mg once daily. ‡Apixaban 5 mg twice daily. §Edoxaban 60 mg once daily.
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See Online for appendix

therapeutic range in patients in the warfarin groups
ranged from 58% to 68% (table).
Figure 1 shows the comparative eﬃcacy of high-dose
of new oral anticoagulants and warfarin. Allocation to a
new oral anticoagulant signiﬁcantly reduced the composite of stroke or systemic embolic events by 19%
compared with warfarin (ﬁgure 1). The beneﬁt was
mainly driven by a large reduction in haemorrhagic
stroke (ﬁgure 2). New oral anticoagulants were also
associated with a signiﬁcant reduction in all-cause
mortality (ﬁgure 2). The drugs were similar to warfarin
in the prevention of ischaemic stroke and myocardial
infarction (ﬁgure 2).
Randomisation to a high-dose new oral anticoagulant
was associated with a 14% non-signiﬁcant reduction in
major bleeding (ﬁgure 3). In line with the reduction in
haemorrhagic stroke, a substantial reduction in intracranial haemorrhage was observed, which included
haemorrhagic stroke, and subdural, epidural, and subarachnoid bleeding (ﬁgure 2). New oral anticoagulants
were, however, associated with increased gastrointestinal
bleeding (ﬁgure 2).
The beneﬁt of new oral anticoagulants compared with
warfarin in reducing stroke or systemic embolic events
was consistent across all subgroups examined (ﬁgure 4).
The safety of new oral anticoagulants compared with
Pooled NOAC
(events)

warfarin was generally consistent for the reduction of
major bleeding across subgroups, with the exception of
a signiﬁcant interaction for centre-based time in therapeutic range (ﬁgure 4). We noted a greater relative
reduction in bleeding with new oral anticoagulants at
centres that achieved a centre-based time in therapeutic
range of less than 66% than at those achieving a time in
therapeutic range of 66% or more (ﬁgure 4).
The low-dose new oral anticoagulant regimens had
similar eﬃcacy to warfarin for the composite of stroke
or systemic embolic events (appendix). When diﬀerentiated by stroke type, the low-dose regimens were associated with an increase in ischaemic stroke compared
with warfarin, which was balanced by a large decrease
in haemorrhagic stroke (appendix). Similar to the
higher-dose regimens, the low doses showed a signiﬁcant reduction in all-cause mortality (appendix). Signiﬁcantly more myocardial infarctions were reported with
the low-dose regimens than with warfarin (appendix).
The low-dose regimens were associated with a nonsigniﬁcant reduction in major bleeding, but with a
signiﬁcant reduction in intracranial haemorrhage.
Gastrointestinal bleeding was similar between low-dose
new oral anticoagulants and warfarin (appendix).
A meta-analysis of only the factor Xa inhibitors, with
removal of dabigatran, showed similar results to the

Pooled warfarin
(events)

RR (95% CI)

p

Eﬃcacy
Ischaemic stroke

665/29 292

724/29 221

0·92 (0·83–1·02)

0·10

Haemorrhagic stroke

130/29 292

263/29 221

0·49 (0·38–0·64)

<0·0001

413/29 292

432/29 221

0·97 (0·78–1·20)

0·77

2022/29 292

2245/29 221

0·90 (0·85–0·95)

0·0003

Intracranial haemorrhage

204/29 287

425/29 211

0·48 (0·39–0·59)

<0·0001

Gastrointestinal bleeding

751/29 287

591/29 211

1·25 (1·01–1·55)

0·043

Myocardial infarction
All-cause mortality
Safety

0·2

0·5

1

Favours NOAC

2
Favours warfarin

Figure 2: Secondary eﬃcacy and safety outcomes
Data are n/N, unless otherwise indicated. Heterogeneity: ischaemic stroke I²=32%, p=0·22; haemorrhagic stroke I²=34%, p=0·21; myocardial infarction I²=48%,
p=0·13; all-cause mortality I²=0%, p=0·81; intracranial haemorrhage I²=32%, p=0·22; gastrointestinal bleeding I²=74%, p=0·009. NOAC=new oral anticoagulant.
RR=risk ratio.

NOAC (events)

Warfarin (events)

RR (95% CI)

p

RE-LY5*

375/6076

397/6022

0·94 (0·82–1·07)

ROCKET AF6†

395/7111

386/7125

1·03 (0·90–1·18)

0·72

ARISTOTLE7‡

327/9088

462/9052

0·71 (0·61–0·81)

<0·0001

ENGAGE AF–TIMI 488§
Combined (random)

0·34

444/7012

557/7012

0·80 (0·71–0·90)

0·0002

1 541/29 287

1 802/29 211

0·86 (0·73–1·00)

0·06

0·5

1·0
Favours NOAC

2·0
Favours warfarin

Figure 3: Major bleeding
Data are n/N, unless otherwise indicated. Heterogeneity: I²=83%; p=0·001. NOAC=new oral anticoagulant. RR=risk ratio. *Dabigatran 150 mg twice daily.
†Rivaroxaban 20 mg once daily. ‡Apixaban 5 mg twice daily. §Edoxaban 60 mg once daily.
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A

Pooled NOAC
(events)

Age (years)
<75
496/18 073
≥75
415/11 188
Sex
Female
382/10 941
Male
531/18 371
Diabetes
No
622/20 216
Yes
287/9096
Previous stroke or TIA
No
483/20 699
Yes
428/8663
Creatinine clearance (mL/min)
<50
249/5539
50–80
405/13 055
>80
256/10 626
CHADS2 score
0–1
69/5058
2
247/9563
3–6
596/14 690
VKA status
Naive
386/13 789
Experienced
522/15 514
Centre-based TTR
<66%
509/16 219
≥66%
313/12 642

Pooled warfarin
(events)

RR (95% CI)

pinteraction

578/18 004
532/11 095

0·85 (0·73–0·99)
0·78 (0·68–0·88)

0·38

478/10 839
634/18 390

0·78 (0·65–0·94)
0·84 (0·75–0·94)

0·52

755/20 238
356/8990

0·83 (0·74–0·93)
0·80 (0·69–0·93)

0·73

615/20 637
495/8635

0·78 (0·66–0·91)
0·86 (0·76–0·98)

0·30

311/5503
546/13 155
255/10 533

0·79 (0·65–0·96)
0·75 (0·66–0·85)
0·98 (0·79–1·22)

0·12

90/4942
290/9757
733/14 528

0·75 (0·54–1·04)
0·86 (0·70–1·05)
0·80 (0·72–0·89)

0·76

513/13 834
597/15 395

0·75 (0·66–0·86)
0·85 (0·70–1·03)

0·31

653/16 297
392/12 904

0·77 (0·65–0·92)
0·82 (0·71–0·95)

0·60

0·5

1

2

B
Age (years)
<75
1 317/18 460
≥75
1 328/10 771
Sex
Female
751/8682
Male
1 495/14 530
Diabetes
No
481/11 278
Yes
872/7691
Previous stroke or TIA
No
1 070/20 638
Yes
495/8669
Creatinine clearance (mL/min)
<50
514/4376
50–80
1 104/10 139
>80
625/8681
CHADS2 score
0–1
76/3090
2
530/7403
3–6
1 640/12 716
VKA status
Naive
656/12 776
Experienced
909/16 446
Centre-based TTR
<66%
484/10 972
≥66%
668/10 944
0·2

1 543/18 396
1 346/10 686

0·79 (0·67–0·94)
0·93 (0·74–1·17)

0·28

920/8645
1 548/14 544

0·75 (0·58–0·97)
0·90 (0·72–1·12)

0·29

678/11 294
937/7583

0·71 (0·54–0·93)
0·90 (0·78–1·04)

0·12

1 280/20 619
553/8600

0·85 (0·72–1·01)
0·89 (0·77–1·02)

0·70

620/4346
1 174/10 228
672/8595

0·74 (0·52–1·05)
0·91 (0·76–1·08)
0·85 (0·66–1·10)

0·57

126/3078
597/7498
1 745/12 611

0·60 (0·45–0·80)
0·88 (0·65–1·20)
0·86 (0·71–1·04)

0·09

786/12 820
1 040/16 265

0·84 (0·76–0·93)
0·87 (0·70–1·08)

0·78

702/11 021
736/11 049

0·69 (0·59–0·81)
0·93 (0·76–1·13)

0·022

0·5
Favours NOAC

1

2
Favours warfarin

Figure 4: Stroke or systemic embolic events subgroups (A) and major bleeding subgroups (B)
Data are n/N, unless otherwise indicated. No data available from RE-LY for the following major bleeding subgroups: sex, creatinine clearance, diabetes, and
CHADS2 score. For ROCKET AF no major bleeding data available in the TTR and diabetes subgroup and major and non-major clinically relevant bleeding was used for
subgroups of age, sex, CHADS2 score, and creatinine clearance. NOAC=new oral anticoagulant. RR=risk ratio. TIA=transient ischaemic attack. VKA=vitamin K
antagonist. TTR=time in therapeutic range

main meta-analysis for both stroke or systemic embolic
events and major bleeding (appendix). An additional
analysis was done combining all doses of all drugs in one
meta-analysis (including both high and low doses of
dabigatran and edoxaban with rivaroxaban and apixaban;

appendix). Inclusion of low doses of dabigatran and
edoxaban decreased the magnitude of the reduction in
risk of stroke or systemic embolic events with new oral
anticoagulants and resulted in less bleeding than
warfarin (appendix).
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Discussion
Our results show that stroke and systemic embolic events
were signiﬁcantly reduced in patients receiving new
oral anticoagulants. This beneﬁt was mainly driven by
substantial protection against haemorrhagic stroke,
which was reduced by half. Conceptually, haemorrhagic
stroke is a complication of anticoagulant treatment even
though it is part of the overall eﬃcacy assessment of
these drugs. Importantly, overall intracranial haemorrhage (which includes haemorrhagic stroke) was reduced
by roughly half, which represents a substantial beneﬁt of
treatment with new oral anticoagulants. Intracranial
haemorrhage is a feared and often fatal complication of
anticoagulant treatment and about one in six ﬁrst
hospital admissions for this disorder are related to such
treatment.26 For the prevention of ischaemic stroke, the
new oral anticoagulants had similar eﬃcacy to warfarin, which itself is very eﬀective in this regard and
reduces ischaemic stroke by two-thirds compared with
placebo.27 In general, the new oral anticoagulants had a
favourable safety proﬁle compared with warfarin; however, they were associated with an increase in gastrointestinal bleeding. They were also associated with a
signiﬁcant reduction in all cause-mortality compared
with warfarin.
A separate analysis of the two low-dose new oral
anticoagulant regimens showed that although they have a
similar eﬃcacy to warfarin for protection against all
stroke or systemic embolic events, they are not as eﬀective
for protection against ischaemic stroke in particular.
However, they do have a safer proﬁle than warfarin and
preserve the mortality beneﬁt noted with the high-dose
regimens. Consequently, low-dose regimens might be an
appealing option for frail patients or for those who have a
high risk for bleeding with full-dose anticoagulation.
Panel: Research in context
Systematic review
We searched Medline from Jan 1, 2009 to Nov 19, 2013. Keywords were “atrial ﬁbrillation”,
“dabigatran”, “rivaroxaban”, “apixaban”, “edoxaban”, “oral factor Xa inhibitor”, “oral
thrombin inhibitor”, and “warfarin”. We also did a search of ClinicalTrials.gov to identify
relevant ongoing clinical studies. We restricted our analysis to phase 3, randomised trials
that included patients with atrial ﬁbrillation who were randomly assigned to receive new
oral anticoagulants or warfarin, and trials in which both eﬃcacy and safety outcomes were
reported. We assessed the quality of identiﬁed studies to ensure minimisation of bias. No
formal scoring system was used to assess the quality of the evidence.
Interpretation
This meta-analysis is the ﬁrst to include results from all four new oral anticoagulants studied
in the pivotal phase 3 clinical trials for stroke prevention in patients with atrial ﬁbrillation.
New oral anticoagulants showed a favourable risk–beneﬁt proﬁle with signiﬁcant reductions
in stroke, intracranial haemorrhage, and mortality with similar major bleeding as warfarin,
but increased gastrointestinal bleeding. The relative eﬃcacy and safety of the anticoagulants
was consistent across a wide range of patients with atrial ﬁbrillation. Our ﬁndings oﬀer
clinicians a more comprehensive picture of the new oral anticoagulants as a therapeutic
option to reduce the risk of stroke in this patient population.

6

A criticism of meta-analyses in this specialty is that the
large phase 3 trials for stroke prevention in patients with
atrial ﬁbrillation were well powered to evaluate the main
treatment eﬀect of their individual drug to reduce the risk
of stroke or systemic embolic events compared with
warfarin. However, most trials are underpowered to detect
diﬀerences in secondary outcomes and subgroups. An
example is the analysis of all-cause mortality; only
apixaban and low-dose edoxaban were associated with
signiﬁcant reductions in all cause-mortality, yet the point
estimates for the hazard ratios for all drugs (and doses)
are very similar. The results of the meta-analysis support
the premise that compared with warfarin, the new oral
anticoagulants, as a class, reduce all-cause mortality by
about 10% in the populations enrolled in the clinical trials.
Perhaps, more important than the provision of robust
estimates of secondary outcomes is the ability of metaanalyses to enhance precision in assessment of the
relative beneﬁts of new oral anticoagulants in important,
clinically relevant subgroups. Both risk of stroke and
bleeding vary signiﬁcantly across the range of patients
with atrial ﬁbrillation. For example, vulnerable populations, such as elderly people (aged ≥75 years),28 patients
with a previous history of stroke,29,30 and those with renal
dysfunction,31,32 have an increased risk of both ischaemic
and bleeding events. Inclusion of these individuals in
trials is variable and they are often underrepresented.
Consequently, each trial alone can only oﬀer partial
reassurance that the overall balance of eﬃcacy and safety
is preserved in these high-risk groups. For example,
variations in the proportion of participants with a
CHADS2 score of 3–6 were mainly attributable to
diﬀerential enrolment of patients with previous stroke or
transient ischaemic attack.33 This robust meta-analysis is
the ﬁrst to show that the relative eﬃcacy and safety of
new oral anticoagulants is consistent across a broad
range of vulnerable patients (panel).
We investigated whether the beneﬁt of new oral
anticoagulants was dependent on whether patients had
experience with use of vitamin K antagonists before
enrolment in the trial. Previous ﬁndings suggested that
patients with little to no prior exposure to vitamin K
antagonists (ie, naive) had a higher risk of both ischaemic
and bleeding events than experienced patients.34 A concern
has remained that new oral anticoagulants might have
reduced beneﬁt in experienced patients who have shown
an ability to tolerate treatment with vitamin K antagonists.
The results of our meta-analysis show that the beneﬁt of
new oral anticoagulants is consistent irrespective of a
patient’s history with vitamin K antagonists.
We also investigated whether the beneﬁt of new oral
anticoagulants was dependent on how well warfarin was
managed during the trial, as assessed by the centre-based
time in therapeutic range.35,36 In the ACTIVE W
trial,37 anticoagulant treatment had no signiﬁcant beneﬁt
compared with clopidogrel plus aspirin in centres with a
centre-based time in therapeutic range that was less than
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the median of 65%, whereas a reduction of more than two
times was reported for vascular events in centres with a
time in therapeutic range of more than 65%. The trials
included in this meta-analysis had varying success in
management of warfarin (median time in therapeutic
range 58–68%), and although they reported no heterogeneity in the results across their trial-speciﬁc
quartiles,6,16,22 each trial was underpowered to detect a
diﬀerence. In this meta-analysis, we examined a threshold
of 66% for centre-based time in therapeutic range, which
is similar to that used in the ACTIVE W analysis. We
showed that the reduction in stroke or systemic embolism
compared with warfarin is not dependent on how well
warfarin is managed, within the limitations of analyses
based on centre-based time in therapeutic range.
However, an even more pronounced relative reduction in
bleeding with new oral anticoagulants seems to take place
in patients who have diﬃculty maintaining a therapeutic
international normalised ratio.
Because we did not have individual participant data for
all the trials, our statistical approach was done at a study
level. We pooled the data for the factor Xa inhibitors
(rivaroxaban, apixaban, edoxaban) and the thrombin
inhibitor (dabigatran). Although these drugs inhibit
diﬀerent coagulation factors, we believe that pooling of
the results is justiﬁed for several reasons: the drugs are all
speciﬁc inhibitors of important factors in the coagulation
cascade, the phase 3 warfarin-controlled trials of all four
drugs are qualitatively similar in design, published
guidelines refer to these drugs together as new oral anticoagulants, and previous meta-analyses have taken a
similar approach. Additionally, sensitivity analyses
removing dabigatran and including only factor Xa
inhibitors showed similar results. Important diﬀerences
also exist in drugs, patient demographics, and trial
characteristics that might aﬀect outcomes not accounted
for in this analysis. We noted statistical heterogeneity
across the trials with respect to major bleeding and gastrointestinal bleeding, which could show true diﬀerences
across trials or between drugs. However, some heterogeneity is expected to be reported in large meta-analyses,
and complete uniformity can show consistency in bias
rather than consistency in real eﬀects.38 Use of a randomeﬀects model and the robustness of the data across
important clinical subgroups can help mitigate the
potential eﬀect of heterogeneity on the validity of the
results. We included data from only clinical trials, which
could aﬀect the generalisability of the results because
patients in clinical trials are often thought to be at lower
risk for adverse events than are those in routine clinical
practice.39 However, post-approval experience with the
new oral anticoagulants has approximated what was noted
in the clinical trial population. For example, in a nationwide cohort study in Denmark with dabigatran, the ﬁrst
approved new oral anticoagulant, no excess of events in a
clinical practice was reported compared with what was
shown in the RE-LY trial.40

In summary, the new oral anticogulants show a
favourable balance between eﬃcacy and safety compared
with warfarin, which is consistent across a wide range of
patients with atrial ﬁbrillation known to be at high risk
for both ischaemic and bleeding events.
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PULMONARY EMBOLISM: DIAGNOSIS
AND MANAGEMENT
TARGET AUDIENCE: All Canadian health care professionals.
OBJECTIVE:
To define a diagnostic algorithm and treatment strategy for patients with acute pulmonary
embolism.

ABBREVIATIONS:
BNP
CrCl
CT
CTPA
CUS
DVT
ECG
HIT
INR
LMWH
MRI
PE
PERC
rtPA
RV
SBP
SC
UFH
V/Q
VTE

brain natriuretic peptide
creatinine clearance
computed tomography
computed tomography pulmonary angiogram
compression ultrasound
deep vein thrombosis
electrocardiogram
heparin-induced thrombocytopenia
international normalized ratio
low-molecular-weight heparin
magnetic resonance imaging
pulmonary embolism
Pulmonary Embolism Rule-out Criterion
recombinant tissue plasminogen activator
right ventricle
systolic blood pressure
subcutaneously
unfractionated heparin
ventilation-perfusion
venous thromboembolism

BACKGROUND:
Although Canadian data are lacking, venous thromboembolism (VTE) is a common disease,
affecting approximately 1-2 in 1,000 adults per year. Approximately one third of first VTE
presentations are due to pulmonary embolism (PE) and the remainder are due to deep venous
thrombosis (DVT) (see DVT: Diagnosis and DVT: Treatment guides). The incidence of PE has
increased significantly since the advent of computed tomography (CT) angiography due to its
widespread availability and diagnostic sensitivity. The majority of PEs originate in the proximal
deep venous system of the leg, despite the fact that only 25-50% of patients with PE have
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clinically-evident DVT. Active malignancy (see Cancer and Thrombosis guide), surgery (especially
orthopedic; see Thromboprophylaxis: Orthopedic Surgery guide), immobilization > 8 hours, and
estrogen use/pregnancy (see Thromboprophylaxis: Pregnancy guide) are transient provoking
factors. Up to 50% of first-time PE is unprovoked (or idiopathic).
Symptoms of PE include sudden onset dyspnea, syncope, pleurisy. Signs or PE may include
tachypnea, tachycardia, hypoxemia, hypotension, features of right ventricular dysfunction
(distended jugular veins) and right ventricular strain on electrocardiogram (ECG) (S1Q3T3, right
bundle branch block and T-inversion in leads V1-V4). Up to 10% of symptomatic PEs are fatal
within the first hour of symptoms. Independent predictors of early mortality include hypotension
(systolic blood pressure [SBP] < 90 mmHg), clinical right heart failure, right ventricle (RV) dilation
on CT/echocardiography, positive troponin and elevated brain natriuretic peptide (BNP). Early
diagnosis and treatment of PE reduces morbidity and mortality.
Patients who present with a first PE are more likely to have subsequent VTE (risk varies between
3-10%/year depending on underlying cause; see Duration of Anticoagulant Therapy guide);
however, recurrent events are more commonly PE (80%) rather than DVT.

DIAGNOSIS:
Diagnostic algorithms have been suggested in major society guidelines. The constellation of
symptoms and signs of PE are suggestive, but do not have the necessary specificity or sensitivity
to rule in or out the diagnosis. When the diagnosis is entertained, clinical stability and pre-test
probability will dictate the diagnostic approach (see Figure 1).
In patients without hypotension (SBP > 90 mmHg), pre-test probability should be assessed by
experienced clinician ‘gestalt’ or a validated clinical prediction rule (see Table 1). In cases of low
to intermediate clinical probability, a negative D-dimer result rules out the diagnosis of PE.
However, a positive D-dimer test must be followed up with a definitive test to confirm/refute the
diagnosis of PE. Multidetector CT pulmonary angiography (CTPA) is widely available in Canada,
and sufficiently sensitive and specific to exclude the diagnosis of PE when negative and to
confirm it when positive in the context of a low pre-test probability.
When the pre-test probability is high, there is no value in checking a D-dimer level, as the posttest probability of a negative result is unacceptably high. Therefore, when the pre-test
probability is high, one should go directly to CTPA to establish the diagnosis.
In patients with low clinical probability of PE, and in the absence of D-dimer assay testing, the
diagnosis can be safely excluded using the PERC (Pulmonary Embolism Rule-out Criteria) rule for
pulmonary embolism.
In patients with renal failure or an allergy to contrast dye in whom a CTPA is felt to be
contraindicated, it may be reasonable to start with lower extremity compressive ultrasound
(CUS) looking for evidence of DVT (see DVT: Diagnosis guide). A positive result will mandate the
© 2013 Thrombosis Canada.
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same treatment as PE, and no further investigations are indicated. Since up to 30% of patients
may not have concurrent DVT with PE, a negative result does not rule out PE. Therefore, a
ventilation-perfusion (V/Q) scan should be obtained in this instance.
In patients with hypotension who are too unstable to undergo CTPA, or if CTPA is not
immediately available, an urgent echocardiogram should be obtained looking for evidence of clot
in the RV or pulmonary arteries, or of right heart overload. If present, and in the absence of an
alternative diagnosis, treatment for PE should be initiated. Presently, defined echocardiographic
signs of PE are sensitive enough to exclude massive PE (i.e. PE associated with hypotension), if
absent. However, RV dysfunction alone is not specific enough to exclude an alternate diagnosis
(e.g. RV infarction); therefore, if feasible, confirmatory evidence of VTE should be sought with
CTPA or CUS prior to initiation of therapy.

TREATMENT:
Patients who have a high pre-test probability of having PE should be initiated promptly on
anticoagulant therapy. Treatment can be withheld in patients with intermediate and low pre-test
probabilities of PE, assuming definitive diagnostic testing will be completed within 4 or 24 hours,
respectively. All patients with confirmed PE should be risk-stratified to determine whether they
require in-hospital treatment or if outpatient management is sufficient. Patients presenting with
hypotension (SBP < 90 mmHg or a 40 mmHg drop from baseline) that is not responsive to a fluid
challenge or due to another cause (e.g. tachycardia) carry a 15% risk of early mortality and
should be admitted to an intensive care unit. Patients who are clinically-well and do not have
evidence of myocardial injury or RV dysfunction are at low risk for early mortality (< 1%) and are
appropriate for early discharge or home treatment.
The initial anticoagulant treatment is with a parenteral agent, typically unfractionated heparin
(UFH) or low-molecular-weight heparin (LMWH), which serves as a bridge until warfarin therapy
takes effect (international normalized ratio [INR]: 2.0-3.0). Warfarin should be initiated at the
same time as parenteral therapy and the dose should be adjusted to achieve an INR range of 2.03.0 (target INR: 2.5). Parenteral therapy should be continued for at least 5 days and, ideally, until
the INR is ≥ 2.0 for two consecutive days. Anticoagulation should be continued for at least 3
months (see Duration of Anticoagulant Therapy guide and Table 2 below).
Low-molecular-weight heparin
LMWH may be used as initial therapy in conjunction with warfarin or may be used as
monotherapy for the full duration of treatment. It is the preferred long-term treatment for
cancer patients. Most patients have little difficulty with self-administration. LMWH offers
advantages over UFH, including better bioavailability when administered subcutaneously, longer
duration of anticoagulant effect enabling once daily treatment, lower risk of heparin-induced
thrombocytopenia (HIT), predictable anticoagulant effect allowing fixed dosing based on body
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weight and renal function, less effect on bone metabolism and no requirement for laboratory
monitoring.

AGENTS AND DOSING:
Low-molecular-weight Heparin
Dalteparin (Fragmin®): 200 U/kg subcutaneously (SC) once daily or 100 U/kg SC twice daily (once
daily dosing preferred).
Enoxaparin (Lovenox®): 1 mg/kg SC twice daily.
Tinzaparin (Innohep®): 175 U/kg once daily.
For patients with severe renal insufficiency (creatinine clearance [CrCl] < 30 mL/min), clinical data
on the use of LMWH for the treatment of PE are limited and LMWHs should be avoided. If used,
the dose of LMWH should be reduced by approximately 50% and monitoring with anti-factor Xa
levels may be required.
Unfractionated Heparin
UFH use in the treatment of PE is limited by a narrow therapeutic range, inter-individual variation
in anticoagulant effect and the increased risk of HIT. The use of UFH should be limited to: (1)
patients with severe renal insufficiency (CrCl < 30 mL/min), in whom LMWHs should be avoided;
(2) patients at increased risk for bleeding, in whom rapid reversal of the anticoagulant effect may
be needed; and (3) patients who receive thrombolytic therapy. In addition, UFH is an alternative
to LMWH if LMWH is not feasible because of cost considerations or intolerance.
UFH can be used intravenously, administered to achieve an activated partial thromboplastin time
(aPTT) of 1.5 to 2.0 times the control aPTT. UFH can also be given subcutaneously with a 333
U/kg initial dose, followed by 250 U/kg twice daily, and without aPTT monitoring.
Thrombolysis
In most patients with PE the risk of major bleeding outweighs the benefit from thrombolysis,
except those who present with massive PE, which is defined by persistent hypotension or
respiratory failure, where the short-term mortality is > 15%. Therefore, until further data are
available, thrombolysis should be reserved for patients with ongoing hypotension (SBP < 90
mmHg), respiratory failure. When used, thrombolysis is given as follows: recombinant tissue
plasminogen activator (rtPA) 100 mg over 2 hours or 0.6 mg/kg as a bolus. Intravenous UFH
should be used after thrombolytic therapy. Patients still require anticoagulation for at least 3
months after receiving thrombolytic therapy. Intravenous UFH should be used after thrombolytic
therapy. Patients still require anticoagulation for at least 3 months after receiving thrombolytic
therapy. Intravenous UFH should be used after thrombolytic therapy. Patients still require
anticoagulation for at least 3 months after receiving thrombolytic therapy.
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Warfarin
Initial treatment with warfarin should be combined with an immediate-acting agent such as
LMWH for at least 5 days and until INR is at least 2.0. Initial dosing is typically 5 mg once daily,
but the therapeutic dose is highly variable. The elderly, infirm and those with low body-weight
typically require a lower dose. Initial dosing with 2-3 mg should be considered in such patients.
Frequent monitoring is required until a stable, in-range INR is reached, after which monthly
testing is usually adequate. Warfarin is associated with many drug and food interactions that
affect INR. Alterations in concomitant medications and new concurrent illness should be
associated with INR testing. Patients should not be encouraged to reduce intake of foods high in
vitamin K, but maintain a consistent, balanced diet.
Dabigatran (Pradaxa®), Rivaroxaban (Xarelto®), Apixaban (Eliquis®)
Large phase 3 studies that have been completed, or are ongoing, demonstrate benefit of these
agents for the initial (rivaroxaban, apixaban), acute (all agents) and extended (all agents)
treatment of PE. As of mid-2013, rivaroxaban is approved for the treatment of patients with PE
(See Rivaroxaban guide). The recommended dosing is 15 mg twice daily for the first 21 days,
followed by 20 mg once daily for the duration of treatment.

SPECIAL CONSIDERATIONS:
Catheter-directed thrombolysis for massive PE
In some hospitals where there is requisite expertise, catheter-directed thrombolysis may be
considered since it is able to deliver a thrombolytic agent directly into one or more large emboli
and can rapidly relieve pulmonary artery occlusion. Such treatment should be undertaken in
consultation with a specialist.
Chronic thromboembolic pulmonary hypertension
Chronic thromboembolic pulmonary hypertension is present in up to 3% of patients after an
episode of symptomatic or asymptomatic PE. There is no high-quality evidence to assist with
treatment decisions in this area. Therefore, management of such patients should be guided in
consultation with a specialist in thrombosis. Pulmonary thrombendarterectomy may reduce
pulmonary pressures and symptoms of pulmonary hypertension, but mortality for such surgery is
about 5% even in the most experienced centres. Subsequent VTE events are considered to be
extremely high-risk due to already reduced cardiopulmonary reserve and, therefore, these
patients should be strongly considered for indefinite anticoagulant therapy.
Patients contraindicated for anticoagulation
See Vena Cava Filter guide.
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Pregnancy
See Thromboprophylaxis: Pregnancy guide.
Cancer
See Cancer and Thrombosis guide.

PEDIATRICS:
Diagnosis should be confirmed with a V/Q scan, CT with contrast or magnetic resonance imaging
(MRI). However, the sensitivity and specificity of these diagnostic methods in children has not
been determined. Treatment may be initiated with either age-appropriate UFH or LMWH
followed by 3 months (etiology determined), 6-12 months (idiopathic) or long-term (recurrent) of
either LMWH or vitamin K antagonists. Life-threatening PE should be treated with thrombolysis,
either pharmacologic (rtPA) or mechanical, or with thrombectomy. After thrombolytic therapy,
conventional anticoagulation should be administered as above. See Pediatrics guide.
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Figure 1: Suggested Diagnostic Algorithm for Suspected Pulmonary Embolism

*

Consideration for thrombolysis without diagnostic test confirmation should be made if the patient is
very unstable or moribund
** Features on echocardiography suggestive of massive PE include RV overload and RV/pulmonary
artery thrombus
*** If patient condition stabilizes, consideration for CTPA can be given to confirm diagnosis
**** Excluding a diagnosis of PE with a moderate pre-test probability requires the use of a highly
sensitive d-dimer assay
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Table 1: Wells Score* for PE
Variable

Points

Clinical signs and symptoms of DVT
No alternative diagnosis more likely than PE
Heart rate > 100 beats/minute
Immobilization for > 3 days or surgery within 4 weeks
Previous DVT or PE
Hemoptysis
Malignancy

3
3
1.5
1.5
1.5
1
1

*Total Score: Low Risk: 0 to 1.5; Intermediate Risk: 2 to 5.5; High Risk: > 6

Table 2: Recommendations for Extended Treatment for PE or DVT
Categories of VTE

Duration of Treatment

Provoked by a transient risk factor*

3 months

First unprovoked† VTE

Minimum of 3 months and then reassess

Proximal DVT or PE with no or only minor
risk factors for bleeding

Long-term therapy with annual review

Isolated distal DVT

3 months‡

Second unprovoked VTE

Minimum of 3 months and then reassess.
For patients with no or only minor risk
factors for bleeding, long-term therapy
with annual review¶

Cancer-associated VTE

Minimum of 3 months and then reassess.
Continue if active cancer (overt evidence
of cancer) or continuing to receive anticancer therapy

* Transient risk factors include: surgery, hospitalization or plaster cast immobilization, all within 3
months; estrogen therapy, pregnancy, prolonged travel (e.g. > 8 hours), lesser leg injuries or
immobilizations more recently (e.g. within 6 weeks). The greater the provoking reversible risk factor
(e.g. recent major surgery), the lower is the expected risk of recurrence after stopping anticoagulant
therapy.
† Absence of a transient risk factor or active cancer.
‡ This decision is sensitive to patient preference.
¶
Indefinite therapy is suggested if there is moderate risk of bleeding, and 3 months is suggested if
there is a high risk of bleeding; both of these decisions are sensitive to patient preference.
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Please note that the information contained herein is not to be interpreted as an alternative to medical
advice from your doctor or other professional healthcare provider. If you have any specific questions about
any medical matter, you should consult your doctor or other professional healthcare providers, and as such
you should never delay seeking medical advice, disregard medical advice or discontinue medical treatment
because of the information contained herein.
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PERI-OPERATIVE MANAGEMENT OF
PATIENTS WHO ARE RECEIVING
WARFARIN
TARGET AUDIENCE: All Canadian health care professionals.
OBJECTIVE:
To provide an approach to the peri-operative management of warfarin-treated patients and the
need for bridging anticoagulation during warfarin interruption.

ABBREVIATIONS:
aPTT
ERCP
INR
IV
LMWH
PCC
SC
TIA
UFH

activated partial thromboplastin time
endoscopic retrograde cholangiopancreatography
international normalized ratio
intravenous
low-molecular-weight heparin
prothrombin complex concentrate
subcutaneous
transient ischemic attack
unfractionated heparin

BACKGROUND:
Bridging anticoagulation refers to giving a short-acting anticoagulant, typically low-molecularweight heparin (LWMH), before and after surgery to minimize the time that patients are not
anticoagulated, and, thereby, to minimize the risk for thromboembolism.

INDICATION:
There are no strong evidence-based indications for bridging anticoagulation; bridging is suggested
in high-risk patients, not suggested in low-risk patients and optional in intermediate-risk patients
based on individual patient characteristics.

DOSING:
Bridging anticoagulation options are as follows:
a) Subcutaneous (SC) therapeutic-dose LMWH: enoxaparin 1 mg/kg twice daily or 1.5 mg/kg once
daily; dalteparin 100 IU/kg twice daily or 200 IU/kg once daily; or tinzaparin 175 IU/kg once
daily.
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b) Intravenous (IV) unfractionated heparin (UFH) to achieve a therapeutic activated partial
thromboplastin time (aPTT) defined according to local laboratory parameters.
c) In patients having a high-bleeding-risk surgery/procedure, an alternate post-operative
management option is SC low-dose LMWH: enoxaparin 40 mg once daily; dalteparin 5000 IU
once daily; or tinzaparin 4500 IU once daily.
d) In patients having a very-high-bleeding-risk surgery/procedure, post-operative therapeuticdose LMWH bridging should be avoided; alternate options are low-dose LMWH or resuming
warfarin alone.

MONITORING:
There is no need for laboratory monitoring of bridging with SC LMWH. Monitoring is required for
bridging with IV UFH (aPTT).

ADVERSE EFFECTS:
Bridging is associated with a 3% risk for major bleeding and a 10-15% risk for minor bleeding.
Bridging should be used carefully, as suggested in this clinical guide, to minimize this bleeding risk.

PERI-PROCEDURAL MANAGEMENT:
Is peri-procedural warfarin interruption always needed?
Deciding if warfarin interruption is needed is based on the bleeding risk of the surgery/procedure
(see Table 1). Most procedures require warfarin interruption but others (i.e. dental, cataract
surgery, minor skin) do not need warfarin interruption.
Is bridging anticoagulation needed during warfarin interruption?
The need for bridging is driven largely by patients’ estimated risk for thromboembolism (see Table
2).
What is the peri-operative anticoagulant management after warfarin interruption?
A suggested management algorithm is shown in Figure 1.
When is it safe to resume bridging anticoagulation after surgery/procedure?
The timing of post-procedure resumption of bridging depends on:
a) the bleeding risk of the procedure (see Table 3),
b) whether there is adequate post-operative hemostasis (based on wound inspection and
drainage tubes to detect bleeding), and
c) the class of anticoagulant used.

© 2013 Thrombosis Canada.

Page 2 of 8

Minimizing bleeding is important because of associated morbidity; a delay in warfarin resumption
also exposes patients to an increased thromboembolic risk.

SPECIAL CONSIDERATIONS:
Dental procedures: In patients having 1-2 dental extractions or endodontic (root canal)
procedures, warfarin can be safely continued. To reduce the incidence of gingival bleeding,
patients can take oral tranexamic acid mouthwash (5 mL just before the procedure, and 2-3 times
daily after the procedure until bleeding subsides). An alternative approach is to hold warfarin for 2
days before the dental procedure. Warfarin can be resumed on the evening after the procedure.
Colonoscopy & gastroscopy: Warfarin interruption will be needed for most patients who undergo
colonoscopy because the potential for biopsies and/or polyp removal cannot always be
determined beforehand. Caution is warranted after removal of large (> 1 cm) polyps since bleeding
can occur 2-3 days after polypectomy due to dislodgement of eschar. Polyp-related bleeding may
be reduced with endoscopic application of clips over polyp stalk.
Minor diagnostic or other procedures: Caution is warranted with anticoagulation after selected
diagnostic tests (e.g. biopsy of kidney, liver or prostate; endoscopic retrograde
cholangiopancreatography [ERCP] with sphincterotomy) or minor surgeries (e.g. pacemaker
placement) which are associated with increased bleeding risk.
Peri-operative management of patients receiving antiplatelet therapy:
Please see the specific guides on clopidogrel, ticagrelor, prasugrel and ASA, as well as the 2012
Canadian Cardiovascular Society Guidelines on Antiplatelet Therapy, which discusses perioperative management (www.ccsguidelineprograms.ca/).

PEDIATRICS:
Pediatricians with expertise in thromboembolism should manage, where possible, pediatric
patients on warfarin. Adult guidelines are appropriate in children although holding warfarin 3 days
instead of 5 days is sufficient. Consultation with an experienced pediatric hematologist and
cardiologist (as appropriate) is recommended to determine the need for bridge anticoagulation.

REFERENCES:
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Table 1. Patient Stratification for Bleeding Risk
High-Risk:
• neurosurgery (intracranial or spinal surgery)
• cardiac surgery (coronary artery bypass or heart valve replacement)
• major vascular surgery (abdominal aortic aneurysm repair, aortofemoral bypass)
• major urologic surgery (prostatectomy, bladder tumour resection)
• major lower limb orthopedic surgery (hip/knee joint replacement surgery)
• lung resection surgery
• intestinal anastomosis surgery
• permanent pacemaker insertion or internal defibrillator placement
• selected invasive procedures (kidney biopsy, prostate biopsy, cervical cone biopsy,
pericardiocentesis, colonic polypectomy)
Intermediate-Risk:
• other intraabdominal surgery
• other intrathoracic surgery
• other orthopedic surgery
• other vascular surgery
Low-risk:
• laparoscopic cholecystectomy
• laparoscopic inguinal hernia repair
• dental procedures
• dermatologic procedures
• ophthalmologic procedures
• coronary angiography
• gastroscopy or colonoscopy
• selected invasive procedures (bone marrow aspirate and biopsy, lymph node biopsy,
thoracentesis, paracentesis, arthrocentesis)
Very Low-risk (warfarin interruption not needed):
• dental extractions (1 or 2 teeth) or teeth cleaning
• skin biopsy or skin cancer removal
• cataract removal
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Table 2. Patient Stratification for Thromboembolism Risk

High-Risk (bridging anticoagulation suggested):
• any mechanical prosthetic mitral valve
• older generation (cage-ball, tilting disc) mechanical aortic valve
• recent (within 3 months) arterial thromboembolism (stroke, systemic embolism,
transient ischemic attack [TIA])
• recent (within 3 months) venous thromboembolism (deep vein thrombosis, pulmonary
embolism)†
• prior arterial or venous thromboembolism during interruption of warfarin
• severe thrombophilia (e.g. deficiency of protein C, protein S or antithrombin,
antiphospholipid antibodies)
Intermediate-Risk (bridging anticoagulation optional and based on individual patient
characteristics):
• newer generation (bileaflet) mechanical aortic valve
• bioprosthetic aortic valve
• chronic atrial fibrillation (valvular or nonvalvular) and at least 1 major stroke risk factor:
prior stroke/TIA, left ventricular dysfunction, hypertension, diabetes, or age >75 years
• prior venous thromboembolism within last 3-12 months
Low-Risk (no bridging anticoagulation suggested):
• chronic atrial fibrillation (valvular or nonvalvular) and no major stroke risk factors
• prior venous thromboembolism over 12 months ago
†Consider a temporary inferior vena cava ﬁlter to be inserted aKer warfarin interrupLon and prior
to surgery for patients in whom surgery is planned within 1 month of thromboembolic episode; it
can be left in situ for 1-2 weeks until therapeutic anticoagulation is re-established.

© 2013 Thrombosis Canada.

Page 5 of 8

Table 3. Post-Operative Resumption of Bridging Anticoagulation

High-Risk Bleeding Procedure:
• therapeutic-dose LMWH/UFH, starting 48-72 hours after surgery
• alternate management: low-dose LMWH, starting 12-24 hours after surgery (i.e. day
after surgery) or resume warfarin alone with no post-operative LMWH/UFH
Moderate-Risk Bleeding Procedure:
• therapeutic-dose LMWH/UFH, starting 24-48 hours after surgery
Low-Risk Bleeding Procedure:
• therapeutic-dose LMWH/UFH, starting 12-24 hours after surgery (i.e. day after
surgery)
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Figure 1. Peri-Operative Management of Warfarin-Treated Patients Before and After
Surgery/Procedure
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Please note that the information contained herein is not to be interpreted as an alternative to
medical advice from your doctor or other professional healthcare provider. If you have any specific
questions about any medical matter, you should consult your doctor or other professional
healthcare providers, and as such you should never delay seeking medical advice, disregard
medical advice or discontinue medical treatment because of the information contained herein.
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Appendix B
Recommended Format for a Prescription or Requisition Completed
Pursuant to a Directive
Warfarin Dosage Adjustment
Medical Directive ACG 007

A prescription or requisition for laboratory specimen complete pursuant to a medical directive must
include:
 Name and Number of the Directive
 Name of Authorizer
 Name and Signature of the Implementer
The following sample illustrates the recommended format for including this information. The format
readily signifies to pharmacists that they have the proper order, permitting them to dispense the
prescribed medication, in accordance with legislative and regulatory requirements. Should there be
questions about the prescription the pharmacist would contact the implementer. If questions cannot
be resolved the physician or authorizer would be contacted for clarification. The physician or
authorizer is recorded as the prescriber. Where requested a copy of the medical directive can be
forwarded to the pharmacist. The sample prescription is appended to the directive.
The same convention would apply to requisitions received by medical laboratory technicians that are
completed pursuant to a directive.

Dr. J.D. Authorizer, MD, CCFP.
Bellwood Pharmacy
14B-900 Oxford St E
London, ON
519 457-6026
Date:
Patient:

March 1, 2010
Christa Jones, 100 Main Street, Hamilton

Wafarin 4mg OD
Mitte: 30
Repeat: 6

(Signature of implementer)
Dr. J.D. Authorizer, MD, CCFP /R.F. Jane Smith RN
(R.F. Jane Smith RN, ACG 007)
Medical Directive Available at: www.bellwoodrx.ca/acg
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Incidence of thromboembolic complications in patients with atrial
fibrillation or mechanical heart valves with a subtherapeutic international
normalized ratio: A prospective multicenter cohort study
Francesco Dentali,1* Pasquale Pignatelli,2 Alessandra Malato,3 Daniela Poli,4
Matteo Nicola Dario Di Minno,5 Leonardo di Gennaro,6 Elena Rancan,1 Daniele Pastori,2 Elena Grifoni,4
Alessandro Squizzato,1 Sergio Siragusa,3 Giovanni di Minno,5 and Walter Ageno1
Subtherapeutic international normalized ratio (INR) is frequently encountered in clinical practice, and
patients with high-risk atrial ﬁbrillation (AF) and with mechanical heart valve (MHV) with inadequate anticoagulation may be exposed to an increased risk of thromboembolic events (TE). However, there are no prospective data evaluating this risk. Consecutive patients with a history of stable anticoagulation, but with a
subtherapeutic INR, were prospectively included. Data on use and dose of low-molecular weight heparin
(LMWH) bridging therapy were collected. The incidence of objectively conﬁrmed TE and of major bleeding
events within 90 days after the index INR was assessed. Five hundred and one patients with INR value 0.5–
1 INR units below the lower limit of the patient-speciﬁc target INR were included in the study (280 with MHV
and 221 with AF and CHADS2 score 3). LMWH was prescribed for 64 patients (12.8%). During follow-up,
seven patients had a TE (1.40%; 95% conﬁdence interval 0.68, 2.86%; 5.58 events for 100 patients year). All
the events occurred within 14 days after the index INR. When we consider only patients who did not receive
bridging therapy, the incidence of TE was 1.14% (5 of 437 patients; 95% conﬁdence interval 0.49, 2.64%;
4.58 events for 100 patients year). There were no major bleeding events. The risk of TE in this population
was not negligible. Given the frequent observation of subtherapeutic INR levels when monitoring vitamin K
antagonists, this ﬁnding warrants additional investigation to improve the management of these patients.
C 2012 Wiley Periodicals, Inc.
Am. J. Hematol. 87:384–387, 2012. V

Introduction
Warfarin is a highly effective therapy for the primary and
secondary prevention of thromboembolic complications in
patients with venous thromboembolism (VTE) [1], atrial ﬁbrillation (AF) [2,3], and valvular heart disease [4]. However,
warfarin has unpredictable pharmacokinetics which makes
its management extremely challenging in clinical practice [5].
A recent metaanalysis found that patients spend an average
of only 66% of time in the therapeutic range when managed
in specialized anticoagulation clinics, and only 57% of time
when managed in usual care [6]. The large amount of time
spent outside the target range has important clinical consequences: patients with better control have fewer hemorrhagic
and thromboembolic events [7]. A number of studies have
focused on the risk factors for and the effects of high international normalized ratio (INR) [8–10]. On the other hand,
there has been considerably less research regarding low
INR. Some studies have demonstrated that low INR is associated with the attenuation of the protective effects of anticoagulation therapy, and that subtherapeutic anticoagulation is
associated with more frequent and more severe strokes
[11]. Only few studies have evaluated the absolute risk of
thromboembolic complications in patients stabilized on anticoagulant therapy who experience a single INR markedly
below the therapeutic range during the normal course of
therapy [12,13]. Bridging therapy with low-molecular weight
heparin (LMWH) has been shown to be effective and
relatively safe for patients who require temporary interruption
of vitamin K antagonists (VKAs) for an invasive procedure
[14–16]. Whether administration of LMWH is also necessary
to prevent thromboembolic complications in patients with
markedly low INR values during the normal course of therapy remains to be established.
To address this knowledge gap, we conducted a prospective, longitudinal investigation to assess and to quantify the
absolute risk associated with isolated subtherapeutic levels

of anticoagulant therapy in a large and carefully monitored
cohort of patients receiving warfarin for high-risk indications
such as the presence of mechanical prosthetic heart valves
or with moderate-to-high risk AF.
Materials and Methods
From June 2009 to December 2010 all patients with AF or with mechanical heart valves currently attending six anticoagulation clinics
(Varese, Palermo, Firenze, Napoli, and 2 in Rome) were evaluated for
potential inclusion in the study. At these centers, patients are regularly
followed up for the monitoring of VKAs therapy, and information on clinical events is documented and registered in a computerized database.
All patients with mechanical heart valves were eligible for the study,
regardless of the site or type of the valve. On the other hand, patients
with AF were eligible if they were classiﬁed at moderate-to-high risk for
stroke according to the CHADS2 score [17]. Congestive heart failure,
hypertension, age of 75 years or older, and diabetes are each assigned
one point, and previous stroke or transient ischemic attack is assigned
two points; the score is calculated by summing all the points for a given
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con trapianto, Dipartimento di Medicina Interna e Specialistica, Università
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patient, with a higher score indicating a greater risk of stroke. Patients
with CHADS2 score =3 were considered at moderate-to-high risk for
stroke.
Patients on chronic oral anticoagulation with warfarin (more than 3
months) were included if they had at least 1 INR value 0.5 to 1 INR
units below the lower limit of the patient-speciﬁc target INR range; if
the 2 INR values preceding the index INR value were within or above
the patient-speciﬁc INR target range; and if the interval between the 2
INR values preceding the index INR value was at least 2 weeks.
For example, an INR between 1.0 and 1.5 would qualify as an index
INR for a patient with a target INR range of 2.0–3.0 and an INR
between 1.5 and 2.0 would qualify as an index INR for a patient with a
target INR range of 2.5–3.5.
Patients who underwent invasive procedures requiring the temporary
suspension of anticoagulant therapy were excluded. The INR value and
baseline characteristics, including age, sex, therapeutic INR range, and
concomitant therapy with aspirin or with another antiplatelet agents
were registered anonymously in a database with a patient number as
the only identiﬁer. In addition, for patients with mechanical heart valves,
the presence of the following characteristics was collected: position (mitral or aortic) and type (caged-ball, caged-disk, tilting-disk, or bileaﬂet)
of the valve; concomitant presence of AF, left atrial dilatation, heart
failure with low ejection fraction (<40%); history of stroke, of transient
ischemic attack or of systemic embolism, and history of myocardial infarction. All items of the CHADS2 score and the presence of moderate
to severe valvular stenosis/insufﬁciency were collected in patients with
AF.
The use and dose of LMWH therapy, if administered, were also registered. Because the study was observational, the choice on concomitant treatment with LMWH and modiﬁcation of the VKA dose was left to
the discretion of the local investigators.
At each follow-up ambulatory visit, the occurrence of thromboembolic
or hemorrhagic complications was registered. When patients did not
attend a planned ambulatory visit, they were contacted by phone and a
new ambulatory visit was planned. Documentation was requested in
case of suspected thromboembolic or hemorrhagic complications.
For the purpose of this study, the occurrence of objectively documented thromboembolic events and major bleeding events within 90
days after the index INR value was considered. Furthermore, the value
and the date of the ﬁrst and the second INR after the index INR, and
the date of the ﬁrst INR within or above the therapeutic range were registered.
The primary outcome of the study was deﬁned by the proportion of
patients with thromboembolic complications (stroke, transient ischemic
attack, peripheral embolism, symptomatic valve thrombosis, myocardial
infarction) within 90 days after the index INR. Separate analyses for
patients with AF and for patients with mechanical heart valves were
performed. The incidence of thromboembolic complications in patients
with and without LMWH prophylaxis was also separately analyzed. As
a secondary outcome, the rate of major bleeding events was also
assessed.
All reported vascular events were adjudicated only if adequate documentation was available. The vascular events were classiﬁed according
to the International Classiﬁcation of Diseases (Ninth Revision). A diagnosis of ischemic or hemorragic stroke required unequivocal signs or
symptoms of a neurologic deﬁcit with sudden onset and a duration of
more than 24 hr. The diagnosis had to be conﬁrmed with the use of
computed tomography (CT), or magnetic resonance imaging. A TIA
was deﬁned as the abrupt onset of unilateral motor or sensory disturbance, speech defect, homonymous hemianopsia, constructional
apraxia, or transient monocular blindness that resolved completely in
less than 24 hr. MI and unstable angina were deﬁned by at least two of
the following ﬁndings: chest pain of typical intensity and duration; STsegment elevation or depression =1 mm in any limb lead on electrocardiography, =2 mm in any precordial lead or both, and at least a doubling of the levels of the cardiac enzymes. Arterial thrombosis of a limb
was diagnosed by Doppler echography or angiography.
Major hemorrhage was deﬁned as any bleeding event requiring
transfusion of 2 or more units of red blood cells or surgical correction;
any bleeding event causing a decrease in hemoglobin concentration of
2 g dl21 or more; or any intracranial, intraarticular, intraocular, or retroperitoneal bleeding.
Source documents of all reported clinical events were centrally
requested and were evaluated by two investigators at the coordinating
center (FD and WA). The relationship between the event and anticoagulant therapy for all reported events was conﬁrmed by two reviewers
who were blinded to the INR data at the time of the event (ER, FD).
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TABLE I. Baseline Characteristics of Included Patients

Number
Mean age, years (SD)
Male sex, n (%)
Mean difference from the lower
limit of the target INR, (range)
Concomitant ASA, n (%)
Use of LMWH, n (%)
Prophylactic dose, n
Intermediate dose, n
Therapeutic dose, n
Range INR
2.0–3.0, n (%)
2.5–3.5, n (%)
3.0–4.0, n (%)
Mean CHADS2 Score (range),
CHF, n (%)
Hypertension, n (%)
Age >75 years, n (%)
Diabetes, n (%)
Previous TIA, stroke or SE
MHV
Mitral, n (%)
Aortic, n (%)
Mitro-Aortic, n (%)
Concomitant AF, n (%)
AE without AF,
History of MI, n (%)
EF  40%, n (%)
Previous TIA, stroke, or SE, n (%)

Total
population

AF
patients

MHV
patients

501
68.5 (15.3)
257 (51.3)
0.67
(0.50, 1.00)
40 (8.0)
64 (12.8)
11
37
16

221
74.8 (11.9)
110 (49.8)
0.58
(0.50-0.91)
21 (9.5)
19 (8.6)
4
14
1

280
63.5 (11.9)
146 (52.1)
0.75
(0.50-1.00)
19 (6.8)
45 (16.1)
7
23
15

241 (48.1)
252 (50.3)
8 (1.6)

213 (96.4)
8 (3.6)
0
3.39 (3–6)
78 (35.3)
191 (86.4)
159 (72.0)
83 (37.6)
114 (51.6)

28 (10.0)
244 (87.1)
8 (2.9)

114
123
43
104
100
37
27
17

(40.7)
(43.9)
(15.4)
(37.1)
(35.7)
(13.2)
(9.6)
(6.1)

AF, atrial ﬁbrillation; MHV, mechanical heart valve; INR, international normalized
ratio; ASA, Acetyl salicylic acid; LMWH, low molecular weight heparin; CHF, cardiac heart failure; TIA, transient ischemic attack; SE systemic embolism; MI, myocardial infarction; EF ejection fraction.

Fatal events were assessed for direct relationship to hemorrhage or to
thromboembolism and validated through review of the medical record
and/or death certiﬁcate.
Because of the lack of prospective studies a formal calculation of the
sample size was not performed. A convenience sample of at least 500
patients was chosen. Continuous variables were expressed as mean
plus or minus the standard deviation (SD); categorical data are given
as counts and percentages. Incidence of thromboembolic and major
bleeding events was expressed as percentage (with 95% conﬁdence
intervals [CI]) and as the number of events for 100 patients year. The
presence of potential risk factors for thromboembolic events was
explored. The study was approved by the local ethics committees.

Results
Total population
Baseline characteristics are summarized in Table I. Five
hundred and one consecutive patients with INR value 0.5–1
INR units below the lower limit of the patient-speciﬁc target
INR were included in the study. Mean difference from the
lower limit of the patient-speciﬁc target INR at the time of
the presentation was 0.67 (range 0.50, 1.00), and 92.1% of
patients had a new INR value determined within 2 weeks.
Subsequent INR value was considered subtherapeutic in
226 patients (45.1%), and mean duration of subtherapeutic
anticoagulation was 16.5 ± 9.6 days. LMWH was prescribed for 64 patients (12.8%). A prophylactic dose was
used in 11 cases, and intermediate dose in 37 and a therapeutic dose in 16 cases.
All patients had a follow-up of at least 90 days. During
the 90 days of follow-up, 7 patients had a thromboembolic
complication (1.40%; 95% CI 0.68, 2.86%; 5.58 events for
100 patients per year). All the events occurred within 14
days after the index INR. When we consider only patients
who did not receive bridging therapy with LMWH, the incidence of thromboembolic complication was 1.14% (5 of
437 patients; 95% CI 0.49, 2.64%; 4.58 events for 100
patients per year). Because of the low number of events,
the presence of potential risk factors could be explored
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only in a descriptive manner. There were no major bleeding
events during the period of observation.
Patients with atrial ﬁbrillation
Baseline characteristics of the 221 patients with AF are
summarized in Table I. Mean INR at the time of the presentation was 1.42 (range 1.09, 1.50). Subsequent INR value
was considered subtherapeutic in 111 patients (50.2%),
and mean duration of subtherapeutic anticoagulation was
16.9 ± 7.2 days. LMWH was prescribed for 19 patients
(8%). A prophylactic dose was used in 4 cases, and intermediate dose in 14 and a therapeutic dose in 1 case.
Mean CHADS2 score of patients in which heparin was prescribed was similar to the CHADS2 score of the entire
cohort of patients with AF (3.17, range 3, 6).
During the 90 days of follow-up, four patients had a
thromboembolic complication (1.81%; 95% CI 0.58, 4.88%;
7.23 events for 100 patients per year). These events
included two transient ischemic attacks, one stroke and
one myocardial infarction. The INR value was below the
therapeutic range at the time of thrombosis in three of the
four events and one of these three events occurred during
LMWH at therapeutic dose. Two patients had a CHADS2
score of 4, one had a CHADS2 score of 5, and the other
had a CHADS2 score of 6. When we consider only patients
who did not receive bridging therapy with LMWH, the incidence of thromboembolic complication was 1.49% (3
events in 202 patients; 95% CI 0.39, 4.64%; 5.94 events
for 100 patients per year).
Patients with mechanical heart valves
Baseline characteristics of the 280 patients with mechanical heart valves are summarized in Table I. Almost all
patients had bileaﬂet mechanical heart valves and >60% of
patients had at least one additional risk factor. Mean INR at
the time of presentation was 1.75 (range 1.01, 2.46), and
84% of patients had a new INR value determined within 2
weeks. Subsequent INR values were considered subtherapeutic in 138 patients (46.9%), and mean duration of subtherapeutic anticoagulation was 16.3 ± 9.0 days. LMWH
was prescribed for 45 patients (16.1%). A prophylactic
dose was used in 7 cases, an intermediate dose in 23 and
a therapeutic dose in 15 cases. Patients in which and in
which not LMWH was prescribed had a similar risk proﬁle
(data not shown).
During the 90 days of follow-up, three patients had a
thromboembolic complication (1.07%; 95% CI 0.28, 3.36%;
4.27 events for 100 patients per year). These events
included two strokes, one stroke and a symptomatic valve
thrombosis. The INR value was below the therapeutic
range at the time of thrombosis in the three events and one
of these events occurred during LMWH at intermediate
dose. Stroke occurred in two patients with mitral valve,
symptomatic valve thrombosis occurred in a patients with
mitroaortic valves and concomitant atrial ﬁbrillation. When
we consider only patients who did not receive bridging therapy with LMWH, the incidence of thromboembolic complication was 0.85% (2 events in 235 patients, 95% CI 0.15,
3.37%; 3.40 events for 100 patients per year).
Discussion
Subtherapeutic levels of anticoagulant therapy with VKA
are frequently encountered in clinical practice, even in
patients on stable anticoagulation [18,19]. Previous studies
have demonstrated that subtherapeutic anticoagulation
(e.g., INR < 1.5) is associated with an increased risk of
thromboembolic complications [20].Current guidelines suggest that bridging therapy with LMWH may not be necessary for most patients due to the relatively low daily risk of
thromboembolism [5]. However, evidences on the actual
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degree of this risk are extremely limited. In our study, for
the ﬁrst time, we evaluated the risk of thromboembolic
events in a large prospective cohort of patients with isolated subtherapeutic levels of anticoagulant therapy receiving warfarin because of high-risk conditions such as the
presence of prosthetic mechanical heart valves or moderate-to-high risk AF. The results of this study suggest that in
these high-risk patients, the occurrence of a single, subtherapeutic INR value, deﬁned as 0.5–1.0 INR units below
the lower limit of the patient-speciﬁc target INR range, is
associated with a nonnegligible risk of thromboembolic
events occurring within 2 weeks from the index INR. This
risk was higher in patients with AF and a CHADS2 score of
=3 and was apparently not reduced by the use of bridging
therapy with LMWH, although this ﬁnding should be interpreted cautiously given the low rate of treated patients and
the heterogenous regimens prescribed. More important, as
many as about half of the patients had a subsequent INR
persistently below the therapeutic range, and in six of the
seven patients with a thromboembolic complication the INR
at the time of the event was still subtherapeutic, suggesting
this extended period of inadequate anticoagulation, rather
than the single low INR, may have exposed these patients
to an increased risk of thromboembolic events.
Our ﬁndings are somewhat different from the results of
previous studies [12,13]. In a case-control study, the incidence of thromboembolic complications did not differ
between a large group of patients on long-term anticoagulation whose INR values were at least 0.5 U below the bottom end of the therapeutic INR range and a group of
patients with similar characteristics whose INR values were
within the patient-speciﬁc therapeutic range [12]. However,
in this study patients with different indications for anticoagulant treatment were included and it was not possible to
deﬁne the risk proﬁle of these patients. In another retrospective study including only patients with mechanical heart
valves on stable anticoagulant treatment experiencing a
single subtherapeutic INR [13], the incidence of thromboembolic complications was lower than that observed in
our study. However, if we only consider the subgroup of
patients with mechanical heart valves included in our
cohort, the incidence is similar to that reported in the previous study.
The appropriate management of high-risk patients on
stable anticoagulation experiencing a single subtherapeutic
INR remains to be established. Prolonged time with subtherapeutic levels of anticoagulation without bridging therapy may expose these patients to an increased risk of
thromboembolic complications. On the other hand, LMWH
is expensive, may be associated with an increased risk of
bleeding complications and its efﬁcacy has not been proven. In our opinion, aiming to reduce the time spent without
adequate anticoagulant levels by increasing the dose of
VKA (with or without a loading dose) and the frequency of
INR monitoring (thus reducing the time interval between
tests until a stable anticoagulation is restored) should be
the ﬁrst goal. The use of LMWH could be thus limited to
selected patients with persisting subtherapeutic levels over
the subsequent controls.
Our study has potential limitations. First, we conducted a
prospective cohort study and we are aware of the limits of
observational research. However, to avoid misleading
results we paid meticulous attention in collecting data and
trained research assistants at each site abstracted patients
records using study-speciﬁc case report forms. Furthermore, we were able to have a complete follow up of all
included patients since when patients did not attend a
planned ambulatory visit, they were contacted by phone
and a new ambulatory visit was planned. Second, as speci-
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ﬁed above, the number of patients receiving LMWH was
small, and conclusions about this subgroup are therefore of
limited value.
Third, due to the low number of events, it was not possible to explore the role of potential risk factors. In conclusion, our study provided for the ﬁrst time information on the
incidence of thromboembolic complications in high-risk
patients on stable anticoagulation experiencing a subtherapeutic INR.
The observed incidence in patients with mechanical heart
valves or with moderate-to-high risk AF was not negligible,
in particular in the light of the high frequency of subtherapeutic INR values in routine clinical practice. Failure to correct these subtherapeutic levels over the subsequent days
appears as the main cause for thromboembolic complications. Future studies should evaluate if extensive use of
LMWH or a different management of VKA therapy aimed at
decreasing the time above the therapeutic range may be
effective in reducing the rate of thromboembolic complications in these patients.
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Incidence of thromboembolic complications in patients with
mechanical heart valves with a subtherapeutic international
normalized ratio
Francesco Dentali, MD,a Nicoletta Riva, MD,a Alessandra Malato, MD,b Giorgia Saccullo, MD,b Sergio Siragusa, MD,b and
Walter Ageno, MDa

Objective: Subtherapeutic international normalized ratios are frequently encountered in clinical practice, and patients with mechanical heart valves with inadequate anticoagulation may be exposed to an increased risk of thromboembolic events. There are no data on thromboembolic event risk for these patients.
Methods: We assessed the current practice patterns in the management of patients with mechanical heart valves
with subtherapeutic international normalized ratios and assessed the risk of thromboembolic complications in this
setting. The charts of patients with mechanical heart valves followed up in two anticoagulation clinics were reviewed. Patients with a history of stable, therapeutic anticoagulation but with a subtherapeutic international normalized ratio were included. Patients who underwent invasive procedures requiring temporary suspension of
antithrombotic therapy were excluded. Data on use and dose of low–molecular weight heparin bridging therapy
were collected.

ACD

Results: The incidence of objectively confirmed thromboembolic events within 90 days after obtaining the index
international normalized ratio was assessed. Two hundred ninety-four patients with mechanical heart valves were
included (mean age 63.3 years, 47.3% male). Low–molecular weight heparin was prescribed in 14 cases (4.8%).
At 90 days, 1 patient had a thromboembolic complication (0.3%, 95% confidence interval 0%–1.9%).
Conclusion: Patients with previously stable, therapeutic anticoagulation with a subtherapeutic international normalized ratio have a low risk of thromboembolic events. Withholding low–molecular weight heparin bridging
therapy is a reasonable therapeutic option in these cases.
Patients with mechanical prosthetic heart valves require
long-term antithrombotic prophylaxis with vitamin K antagonists (VKAs) to reduce the risk of thromboembolic complications. In the absence of anticoagulant therapy, the
estimated risk of thromboembolic events for patients with
a prosthetic valve in the aortic position is about 12% per
year rising to 22% per year for patients with a prosthetic
valve in the mitral position.1,2 The American College of
Chest Physicians guidelines recommend long-term anticoagulant therapy with a target international normalized ratio
(INR) value of 2.5 (range 2.0–3.0) or 3.0 (range 2.5–3.5)
for patients with mechanical prosthetic heart valves,3 depending on the position, the type of valve, and the presence
of additional risk factors. The association of VKAs with aspirin is recommended for patients at very high risk (patients
with caged-ball or caged-disk valves or additional risk factors, such as atrial fibrillation or myocardial infarction) and
in case of systemic embolism despite therapeutic INR
values.3
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Subtherapeutic INR values are frequently encountered in
clinical practice, and patients with mechanical heart valves
with inadequate anticoagulation may be exposed to an increased risk of thromboembolic events. The current literature,
however, inadequately describes the clinical consequences
associated with exposure to subtherapeutic INR values.
Bridging therapy with low–molecular weight heparin
(LMWH) has been shown to be effective and relatively
safe for patients with mechanical prosthetic heart valves
who require interruption of VKAs for an invasive procedure.4-6 Whether administration of LMWH is also necessary
to prevent thromboembolic complications in patients with
subtherapeutic INR values is currently unknown. Before
a clinical trial assessing the efficacy and safety of LMWH
in this setting is eventually planned, however, better information on the actual risk of thromboembolic events for these
patients is required. The purposes of this retrospective cohort study were to assess current practice patterns in the
management of patients with mechanical prosthetic heart
valves with subtherapeutic INR values and to asses the
risk of thromboembolic complications in this setting.

MATERIALS AND METHODS
The charts of all patients with mechanical heart valves who were currently attending or who had attended two anticoagulation clinics in Varese
and Palermo, Italy, were reviewed. At both centers, patients are regularly
followed up for the monitoring of VKA therapy, and information on clinical
events is documented and registered in a computerized database.
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TABLE 1. Baseline characteristics

Abbreviations and Acronyms
INR
¼ international normalized ratio
LMWH ¼ low–molecular weight heparin
VKA ¼ vitamin K antagonist

ACD

Patients were included if they had at least 1 INR value 0.5 to 1 INR units
below the lower limit of the patient-specific target INR range, the 2 INR
values preceding the index INR value were within or greater than the patient-specific INR target range, and the interval between the 2 INR values
preceding the index INR value was at least 2 weeks. Because risk of thromboembolic events is highest in the first 3 months after surgery, only patients
with anticoagulation for more than 3 months were included. Patients who
underwent invasive procedures requiring the temporary suspension of the
antithrombotic therapy were excluded.
The INR value and baseline characteristics, including age, sex, position
(mitral or aortic) and type (caged-ball, caged-disk, tilting-disk, or bileaflet)
of mechanical valve, target therapeutic INR range, concomitant therapy
with aspirin, presence of atrial fibrillation, presence of left atrial dilatation,
presence of heart failure with low ejection fraction, history of stroke or transient ischemic attack, history of myocardial infarction, were registered
anonymously in a database with a patient number as the only identifier.
The use and dose of LMWH bridging therapy, were also collected. At
each ambulatory follow-up visit, patients were routinely asked about thromboembolic complications. Patients absent at a planned ambulatory visit were
contacted by phone; if possible, a new ambulatory visit was planned. Documentation was requested when a possible thromboembolic complication
was suspected. For each patient included in the study, the occurrence of
thromboembolic events within 90 days after the index INR value was assessed. Only objectively confirmed events were considered.
The primary outcome was the proportion of patients with thromboembolic complications (stroke, transient ischemic attack, peripheral embolism,
symptomatic valve thrombosis) within 90 days after the index INR value
was obtained. The incidences of thromboembolic complications among patients with and without prophylaxis were also separately analyzed. Source
documents of clinical events were requested and evaluated by 2 investigators (F.D., A.M.).
Finally, the rate of major bleeding events was also assessed. Patient characteristics were reported as mean  SD and proportion. The 95% confidence intervals were calculated for the end points of the study. The study
was approved by the local ethics committees.

RESULTS
Baseline characteristics are summarized in Table 1.
Agreement between the 2 investigators in reviewing patient
charts was perfect. Three hundred twelve consecutive patients with mechanical heart valves were identified. Eighteen
did not satisfy inclusion criteria (3 had started oral anticoagulation less than 3 months previously, 15 did not have
any INR value 0.5–1 INR units below the lower limit of
the patient-specific target INR range with the 2 preceding
INR values within or greater than the patient-specific INR
target range), leaving 294 patients eligible for the analysis.
Mean age of included patients was 63.3  11.9 years (range
19–79 years), and 139 were male (47.3%). One hundred
twenty-nine patients had aortic mechanical heart valves
(43.9%), 114 had mitral mechanical heart valves (39.1%),
and 50 had both mitral and aortic mechanical heart valves
92

Patients (No.)
Age (y, mean  SD)
Male sex (No.)
Valve position (No.)
Aortic
Mitral
Mitroaortic
Type of valve (No.)
Bileaflet
Caged-disk or tilting-disk
Additional risk factors (%)
Atrial fibrillation
Atrial enlargement
Coronary heart disease
Cerebrovascular disease
Heart failure
INR value at presentation (mean  SD)
Time to next INR measurement (d, mean  SD)
Patients with 1 or more subtherapeutic INR values (No.)
Duration of subtherapeutic anticoagulation
(d, mean  SD)

294
63.3 (11.9%)
139 (47.3%)
129 (43.9%)
115 (39.1%)
50 (17.0%)
283 (96.3%)
11 (3.7%)
33.3%
15.5%
17.4%
13.2%
14.0%
1.74  0.17
10.3  4.7
138 (46.9%)
16.3  9.0

INR, International normalized ratio.

(17.0%). Almost all patients had bileaflet mechanical heart
valves. One third of patients had concomitant atrial fibrillation, 15.5% had atrial enlargement without fibrillation,
17.4% had a history of myocardial infarction, 13.2% had
a previous stroke or transient ischemic attack, and 14.0%
had low ejection fraction. More than 60% of patients had
at least 1 additional risk factor.
Concomitant antiplatelet therapy with aspirin was used in
20 cases (6.8%). Mean INR value at the time of the presentation was 1.74  0.17, and 84% of patients had a new INR
value determined within 2 weeks. Subsequent INR value
was considered subtherapeutic in 138 patients (46.9%),
and mean duration of subtherapeutic anticoagulation was
16.3 days  9.0. LMWH was prescribed for 14 patients
(4.8%). A prophylactic dose was used in 6 cases and a therapeutic dose in 8 cases.
All patients had a follow-up of at least 90 days. During the
90 days of follow-up, only 1 patient had a thromboembolic
complication (0.3%; 95% confidence interval 0%–1.9%;
1.45 events for 100 patients per year). In a patient with bileaflet mitral and aortic mechanical heart valves and concomitant atrial fibrillation, a stroke occurred 8 days after
the index INR value was obtained.
When we consider only patients who did not receive
bridging therapy with LMWH, the incidence of thromboembolic complication was 0.4% (95% confidence interval
0%–2.0%). There were no major bleeding events during
the period of observation.
DISCUSSION
The results of our study suggest that patients with mechanical heart valves with previously stable, therapeutic
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ambulatory charts for follow-up. Absence of a control group
is another potential limitation. The number of thromboembolic events was extremely low in our series of patients,
however, and such events remained uncommon even when
the upper limits of the confidence intervals of our results
were considered. Finally, the number of patients receiving
LMWH was small, and conclusions about this subgroup
are therefore of limited value.
In conclusion, patients with mechanical heart valves and
previously stable therapeutic anticoagulation who have
a subtherapeutic INR value have a low risk of subsequent
thromboembolic events in the ensuing 90 days. Withholding
bridging therapy with LMWH while awaiting return of the
INR value to the desired range appears to a reasonable therapeutic option in these cases. Larger prospective studies are
warranted to confirm our preliminary results.
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anticoagulation who have a subtherapeutic INR value (0.5–
1.0 INR units below the lower limit of the patient-specific
target INR range) are at low risk for thromboembolic events
in the ensuing 90 days. The validity of our results is strengthened by the characteristics of the included population, because more than 50% of our patients had a mitral or
mitroaortic mechanical heart valve, and more than 60%
had at least one additional risk factor and therefore could
be considered at high risk for thromboembolic complications. Furthermore, the annual risk of thromboembolic
events in our cohort of patients not receiving LMWH
(1.45 events per 100 patients per year) did not seem to be
higher than the annual risk or thromboembolic events reported in other studies, including those of patients receiving
long-term anticoagulation for mechanical heart valves.3,7
These findings may have clinical importance, since bridging therapy with LMWH while awaiting the return of the
INR value to the desired range appears to be unnecessary
for these patients. This conclusion is supported on the one
hand by the low observed incidence of thromboembolic
events and on the other hand by the potentially increased
risk of bleeding complications and by the cost associated
with the additional treatment with LMWH.
These results are in agreement with the results of a case–
control study in which the incidence of complications related
to anticoagulation did not differ between a large group of patients with long-term anticoagulation whose INR values were
at least 0.5 units below the bottom end of the therapeutic INR
range and a group of patients with similar characteristics
whose INR values were within the patient-specific therapeutic range.8 Only a minority of patients included in that study,
however, had prosthetic heart valves, and thus no conclusions for such patients could be drawn in that setting.
Validity of observational retrospective design is a potential limitation of our study. To avoid misleading results, we
paid meticulous attention to our ascertainment of all thromboembolic events by reviewing ambulatory charts of all included patients and by contacting patients without complete
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Appendix C:
Initiation of Warfarin Therapy
**NOTE: Only Pharmacist authorized implementers may initiate warfarin
under this medical directive.***
For patients who have an indication for warfarin therapy but have not yet started or have not been on
warfarin for a long time, the implementer may prescribe the initial dosage of warfarin, monitor INR
and adjust therapy accordingly.
Upon initiation of warfarin therapy, authorized implementers may also order blood work for CBC,
LFTs (ALT and AST), albumin, and Scr if not done in the past 30 days or if these measurments were
previously unstable. Lab results will be input to patient’s EMR chart and physician notified of results.
The patient’s dosage requirement will be estimated based on factors including:
• Age
• Weight
• Nutritional status
• Indication for warfarin
• Concomitant medications
• Comorbid conditions (i.e. liver disease, CHF, high risk bleeding, heart valve replacement)
• Patient’s CYP450 2C9 and VKORC1 phenotype (if available)
In most circumstances, the 5 mg warfarin initiation nomogram can be used. Physicians are
responsible for determining bleeding/clotting risk and indicate if an initiation nomogram other than 5
mg should be used. It is recommended that physicians complete the “CHA2DS2-VASc Score + HASBLED Score for AF” EMR tool for patients with atrial fibrillation to assess risk of clotting and bleeding.
In the elderly, and in patients who are debilitated, malnourished, have congestive heart failure, have
liver disease, or have a high risk of bleeding, have had recent major surgery, or are taking medications
known to increase sensitivity to warfarin (e.g., amiodarone), a starting dose of 5mg or less will be
considered. Use of the 4mg warfarin initiation nomogram may be considered. An initial dose of 2 to 3
mg seems to be appropriate for patients who have undergone heart valve replacement, given their
higher sensitivity to VKAs probably caused by the effects of cardiopulmonary bypass and concomitant
therapies.
Additional considerations:
•

If patient is on concomitant heparin or low-molecular weight heparin (LMWH) for the purpose
of bridging initiation of warfarin, it can be discontinued when the INR has been in therapeutic
range for two measurements approximately 24h apart unless otherwise specified. Patients’
physician to be notified via EMR message same day.
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Appendix C (cont’d):
Warfarin Initiation Nomograms
5-mg Warfarin Initiation Nomogram1
Day
1
2
3

4

5

6

INR

Warfarin Dose, mg

< 1.5
1.5–1.9
2.0–3.0
> 3.0
< 1.5
1.5–1.9
2.0–3.0
> 3.0
< 1.5
1.5-1.9
2.0-3.0
> 3.0
< 1.5
1.5–1.9
2.0–3.0
> 3.0

5
5
5-10
2.5-5
0-2.5
0
10
5-7.5
0-5
0
10
7.5-10
0-5
0
7.5-12.5
5-10
0-7.5
0

4-mg Warfarin Initiation Nomogram2
Day
1
2
3
4

INR

1.0 - 1.2
1.3 - 1.4
1.5 - 1.7
1.7 - 1.9
1.9 - 2.4
> 2.4

Warfarin Dose, mg
4
4
4
5
4
3
2
1
Hold,
check INR daily until INR < 2.5,
then resume at 1 mg

*This algorithm does not apply to patients who have
received warfarin within the preceding week, or who have
a pretreatment INR > 1.3.

10-mg Warfarin Initiation Nomogram1
Warfarin 10 mg is given on Day 1 and 2.
Day 3 INR

Warfarin Dose on
Days 3, 4, mg

< 1.3

15, 15

1.3 – 1.4

10, 10

1.5 – 1.6

10, 5

1.7 – 1.9

5, 5

2.0 – 2.2

2.5, 2.5

2.3 – 3.0

0, 2.5

> 3.0

0, 0

< 2.0
2.0 – 3.0
3.1 – 3.5
> 3.5

Warfarin Dose on
Days 5, 6, 7, mg
15, 15, 15
7.5, 5, 7.5
0, 5, 5
0, 0, 2.5

< 2.0
2.0 – 3.0
3.1 – 3.5
> 3.5

7.5, 7.5, 7.5
5, 5, 5
2.5, 2.5, 2.5
0, 2.5, 2.5

< 2.0
2.0 – 3.0
3.1 – 3.5
> 3.5

5, 5, 5
2.5, 5, 2.5
0, 2.5, 0
0, 0, 2.5

< 2.0
2.0 – 3.0
3.1 – 4.0
> 4.0

2.5, 2.5, 2.5
2.5, 0, 2.5
0, 2.5, 0
> 3.5

Day 5 INR

Note: The American College of Chest Physicians (ACCP) recommends initiation of warfarin 5mg daily or less in elderly patients who: are
debilitated, are malnourished, have congestive heart failure, have liver disease, have had recent major surgery, or taking medications
3
known to increase sensitivity to warfarin (e.g. amiodarone). For these patients use the 4 mg warfarin initiation nomogram or lower
dose and consult the physician or pharmacist.
References:
1.
Kovacs MJ, et al. Comparison of 10mg and 5mg warfarin initiation nomograms together with low-molecular-weight heparin for outpatient
treatment of acute venous thromboembolism. Ann Intern Med. 2003;138:714-19.
2.
Siguret V, Gouin I, et al. Initiation of warfarin therapy in elderly medical inpatients: A safe and accurate regimen. Am J Med 2005; 118:137-42.
3.
Ansell J, Hirsh J, Hylek E, et al. Pharmacology and management of the vitamin K antagonists: American college of chest physicians evidence-based
clinical practice guidelines (8th edition). Chest 2008;133:160-98.
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Appendix D:
Warfarin Dosage Adjustment Algorithms
Potential reasons for non-therapeutic INR:
1. Missed doses of warfarin
2. Extra doses of warfarin
3. Diet change - more or less green leafy vegetables (spinach, broccoli, lettuce etc.); poor appetite
4. Started or stopped any medications in the last 4 weeks
i.
Prescription medications
ii.
Non-prescription medications (e.g. acetaminophen)
iii.
Vitamins
iv.
Dietary supplements
v.
Herbal medications/teas
5. Acute illness (e.g. cold, diarrhea, vomiting, etc.)
6. More or less alcohol in the previous week
7. Changes in level of activity (more or less exercise)
Reasons that the suggested dosage adjustments may not be applied:
1. The INR is within 0.2 of the goal INR
2. The patient missed one or more doses in the last week
3. The patient took one or more extra doses in the last week
4. The patient took an interacting drug that has now been discontinued
5. The patient recently started an interacting drug and the INR is expected to change
6. The patient had a significant change in dietary vitamin K intake
7. The patient had a significant change in alcohol intake
8. The patient has had a significant amount of diarrhea in the last week
9. The INR is being checked prior to a procedure and warfarin is currently being held
10. The warfarin was started or adjusted less than 5 days ago
11. Any other reason based on clinical judgment of the provider
Reasons for not applying the suggested dosage adjustments will be documented in patient’s record.
Remember:
1. Always consider trend in INRs when making warfarin management decisions.
2. Consider repeating INR same day or next day if observed value markedly different than
expected value.
3. Consider indication for warfarin therapy to help guide dosage adjustments (e.g., mechanical
valve in mitral position = higher risk of thromboembolism; atrial fibrillation with no other risk
factors = lower risk of thromboembolism).
4. After initiation or dose change, changes in the INR are seen in 1 to 2 days and the full
anticoagulant effect is seen in 5 days.
5. The risk of bleeding increases dramatically above an INR of 4.0 to 5.0. The risk of intracranial
hemorrhage risk doubles for each increase of 1 of the INR.
6. Risk factors for bleeding: age > 65, history of bleeding (e.g. GI), co-morbid disease states (HTN,
CVD, PVD, CAD, renal insufficiency, malignancy and anemia), concomitant drugs (e.g. ASA,
NSAIDs, clopidogrel), and first 6 months of therapy.
Last Updated 02-17-2017 by Jessica Lam, RPh, CGP, BScPhm & Shawn Goodman, RPh, PharmD
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Management of non-therapeutic INR:
•

Enquire about potential reasons.

•

Enquire about signs or symptoms of bleeding or thrombembolic events.
o If patient reports major bleeding or signs/symptoms of major bleeding; send to emergency
department.
o Major bleeding refers to: any non-severe bleeding that does not stop in a reasonable amount
of time (e.g. a cut, nose bleed, or bleeding hemmorhoid), suspicion of internal bleeding (e.g.
symptoms of GI bleed or hemorrhagic stroke, new severe bruising), or any severe bleeding.

•

Adjust dose of warfarin if needed as per protocol.
o Attempt to adjust dose using strength of tablets patient already has on hand when possible.
o Attempt to maintain patient on the fewest number of different tablet strengths as possible.
o Dose adjustments will be based on patient risk for thromboemboli vs. bleed, as well as past
individual patient response to anticoagulation therapy adjustment.
o Work with patient and their pharmacy for the best possible management if warfarin is blister
packed. Timing of INR should coincide with dosette filling by pharmacy whenever possible.

•

Instruct patient to repeat back dosing instructions to ensure comprehension and consider
providing written instructions.

•

Schedule patient for next INR measurement:
o In general, if a new interacting medication is added, recheck INR within 3-6 days (see
Appendix H for drug specific recommendations or consult the Clinical Pharmacist).
o For initiation of warfarin therapy, INR’s will be checked on day 3 and 5 (5 mg or 10 mg
nomogram) or on day 4 (4 mg nomogram) unless otherwise indicated by the physician.
o Avoid laboratory testing of INR’s on Friday whenever possible.
o Advise patient’s to test at laboratory earlier in the day, before noon, whenever possible.

INR results between 5.0 and 9.0 will result in a consult with the Physician.
•

•

Authorized implementer to assess whether the patient is currently bleeding, has any
signs/symptoms of bleeding, assess adherence, and any other reasons patient’s INR is above
therapeutic range. Authorized implementer to report to Physician.
Physician to assess bleeding risk and whether patient should be referred to the emergency
department.

INR results greater than 9.0 will result in a consult with the Physician and a referral to the
emergency department.
If the patient has a mechanical heart valve or if they had an acute VTE within the previous 6 weeks,
the INR must be greater than 1.5 otherwise consult with the Physician.
•
•

Authorized implementer to assess whether the patient is currently experiencing signs/symptoms
of thromboemboli and assess adherence. Authorized implementer to report to Physician.
Physician or Pharmacist to assess clotting risk and dose adjustment.
Last Updated 02-17-2017 by Jessica Lam, RPh, CGP, BScPhm & Shawn Goodman, RPh, PharmD
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Target INR 2.5 (Range 2.0-3.0)
INR Value
INR < 1.5

Dosing Adjustment
Managed by Authorized Implementer
Increase weekly dose by 10 to 20%.
Consider extra dose.

INR Check
Repeat INR in 4-7 days

*Consult clinical pharmacist or MRP if the patient has a mechanical heart
valve or if they had an acute VTE within the previous 6 weeks.

INR 1.5 to 1.9
INR 2.0 to 3.0

Increase weekly dose by 5 to 10%.
If INR is below 1.8 consider extra 0-0.5 dose.
If INR is 1.8 to 1.9 consider continuing current dose.
Continue current dose.

Repeat INR in 7-14 days

Monitor INR in:
- 5-10 days if 1 INR in range
- 2 weeks if 2 INRs are in range
- 3 weeks if 3 INRs are in range
- 4 weeks if 4 INRs are in range
Repeat INR in 7-14 days

INR 3.1 to 3.5

Hold 0 to 0.5 dose and decrease weekly dose by 0 to 10%.
If INR is 3.1 to 3.2 consider continuing current dose.

INR 3.6 to 4.0
INR 4.1 to 4.9

Hold 0 to 1 dose and decrease weekly dose by 0 to 15%.

Repeat INR in 4-7 days

Hold 1 to 2 doses and decrease weekly dose by 5 to 15%.

Repeat INR in 4-7 days

INR ≥ 5.0 – Authorized Implementer to notify Physician
INR 5.0 to 9.0
(no significant
bleeding)

Hold 2 doses and decrease weekly dose by 10 to 20%.
OR
Hold warfarin and send to emergency department if
patient is at risk of bleeding. Authorized implementer to
follow-up in 24-48 hours for restart.

Repeat INR in 2-4 days

Repeat INR in 1-2 days

Usual management:
Hold 1 dose and administer oral Vitamin K, 1 to 2.5 mg orally*
if patient is at risk of bleeding.
Resume therapy at a lower dose when INR is therapeutic.
* Vitamin K is available in parenteral solution, 10 mg/mL; may
be given PO or SC

INR > 9.0
(no significant
bleeding)

Hold warfarin and send to emergency department.
Authorized implementer to follow-up in 24-48 hours
for restart.

Repeat INR in 1-2 days

Usual management:
Hold warfarin and administer Vitamin K 2.5 to 5.0 mg orally*.
INR will reduce substantially in 24-48 hours.
Resume therapy at a lower dose when INR is therapeutic.
* Vitamin K is available in parenteral solution, 10 mg/mL; may
be given PO or SC

Note: TCFHT does not have Vitamin K available on site. If physician consult indicates that Vitamin K
is required, patient should be sent to nearest emergency department.
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Target INR 3.0 (Range 2.5-3.5)
INR Value
INR < 1.5

Dosing Adjustment
Managed by Authorized Implementer
Increase weekly dose by 10 to 20%.
Consider extra dose.

INR Check
Repeat INR in 4-7 days

*Consult clinical pharmacist or MRP if the patient has a mechanical heart
valve or if they had an acute VTE within the previous 6 weeks.

INR 1.5 to 2.4
INR 2.5 to 3.5

Increase weekly dose by 0 to 15%.
If INR is below 2.3 consider extra 0-1 dose.
If INR is 2.3 to 2.4 consider continuing current dose.
Continue current dose.

Repeat INR in 7-14 days

Monitor INR in:
- 5-10 days if 1 INR in range
- 2 weeks if 2 INRs are in range
- 3 weeks if 3 INRs are in range
- 4 weeks if 4 INRs are in range
Repeat INR in 7-14 days

INR 3.6 to 4.0

Hold 0 to 0.5 dose and decrease weekly dose by 0 to 10%.
If INR is 3.6 to 3.7 consider continuing current dose.

INR 4.1 to 4.5
INR 4.5 to 4.9

Hold 0 to 1 dose and decrease weekly dose by 0 to 15%.

Repeat INR in 4-7 days

Hold 1 to 2 doses and decrease weekly dose by 5 to 15%.

Repeat INR in 4-7 days

INR ≥ 5.0 – Authorized Implementer to notify Physician
INR 5.0 to 9.0
(no significant
bleeding)

Hold 2 doses and decrease weekly dose by 10 to 20%.
OR
Hold warfarin and send to emergency department if
patient is at risk of bleeding. Authorized implementer to
follow-up in 24-48 hours for restart.

Repeat INR in 2-4 days

Repeat INR in 1-2 days

Usual management:
Hold 1 dose and administer oral Vitamin K, 1 to 2.5 mg orally*
if patient is at risk of bleeding.
Resume therapy at a lower dose when INR is therapeutic.
* Vitamin K is available in parenteral solution, 10 mg/mL; may
be given PO or SC

INR > 9.0
(no significant
bleeding)

Hold warfarin and send to emergency department.
Authorized implementer to follow-up in 24-48 hours
for restart.

Repeat INR in 1-2 days

Usual management:
Hold warfarin and administer Vitamin K 2.5 to 5.0 mg orally*.
INR will reduce substantially in 24-48 hours.
Resume therapy at a lower dose when INR is therapeutic.
* Vitamin K is available in parenteral solution, 10 mg/mL; may
be given PO or SC

Note: TCFHT does not have Vitamin K available on site. If physician consult indicates that Vitamin K
is required, patient should be sent to nearest emergency department.
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Appendix E:
Point-of-Care Anticoagulation Clinic Protocol
CLINIC DESCRIPTION
The Point-of-Care Anticoagulation Clinic will be run by an implementer (A pharmacist, registered
nurse and/or physician assistant) with training in anticoagulation. Patients on oral anticoagulation
drugs will visit the Point-of-Care Anticoagulation Clinic as prescribed by their physician. They will have
a blood sample taken, international normalized ratio (INR) measured, results communicated and
medication adjusted in a 15-minute appointment. If patients are capable and have a desire to learn
more about their chronic condition, then they will have an opportunity to discuss their condition and
medications with the implementer. The implementer will conduct the Anticoagulation Clinic through
authority conferred by a medical directive (TCFHT-MD08) signed by the physicians of Taddle Creek
Family Health Team.
OBJECTIVES
1. To improve the quality of anticoagulation management in primary care
2. To improve patient satisfaction with anticoagulation management
3. To improve provider satisfaction with anticoagulation management
4. To reduce costs
LOCATION
The TC FHT Point-of-Care Anticoagulation Clinic will be located at:
TC FHT
790 Bay Street, Suite 306
AND
726 Bloor Street West, Suit 207/B102
Toronto, ON
Toronto, ON
M5G 1N8
M6G 4A1
OR at the patient’s home, with patient consent, MD notification and at discretion of INR clinician
HOURS OF OPERATION
The clinic will be available at the discretion of the INR clinician operating the clinic. This can be on an
appointment basis or a “first-come, first-serve” basis.
After Hours/Home Visits:
Patients that need to be seen outside of normal clinic hours should make an appointment with the
INR clinician. This includes newly referred patients and patients for whom more frequent INR testing
is required.
If the obtained INR is outside of therapeutic range requiring consult with a physician (as per Appendix
D), the implementer will contact the on-call physician at the after hours clinic to assess whether the
patient should go to the emergency department. The implementer will then notify the patient’s
physician of the INR result by the next business day with appropriate documentation in patient chart.
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PERSONNEL
Pharmacists – Suite 522
Registered Nurses – from Suites 300/302 and 522 at 790 Bay Street and from Bloor site Suites
207/B102
Physician Assistant – from Suites 300/302 at 790 Bay Street and through Primary Care@Home team
RESPONSIBILITIES OF PERSONNEL
• Provide patient with education regarding warfarin therapy at the initial visit and reinforce this
education at each visit
• Operation and maintenance of the Point-of-Care Coaguchek XS Machine once weekly using
99% isopropyl alcohol on meter cover and test strip guide/cover
• Quarterly quality control testing through OneWorld Accuracy
• Review INR result and adjust warfarin dose as needed
• Maintain documentation of INR results and warfarin doses
• Arrange date for patient’s next visit to Anticoagulation clinic
• Provide patient with prescription and/or communicate prescription to patient’s pharmacy
• Keep the physician updated on INR results
• Notify physician when INR levels are sub- or supratherapeutic, as per Appendix D
• Notify physician when patient is experiencing actual/suspected signs and symptoms of
hemorrhage or thromboembolism
• Participation in research and teaching
• Maintain adequate amount of supplies required for the clinic (e.g., test strips, lancets)
Clerical Staff
• Assist with booking patient appointments
• Assist with obtaining supplies for the clinic
PROCEDURES
REFERRALS TO THE CLINIC
Patients will be referred to the Anticoagulation Clinic by their primary care physician or nurse
practitioner. Ideally, the patient should be referred to the implementer assigned to his/her respective
physician’s office or according to the patient’s preference.
The physician/NP should communicate the following information to the authorized implementer:
• Name of patient and contact information
• Indication for anticoagulation therapy, target INR range, and anticipated duration of therapy
• Patient’s medical history and diagnoses
• Most current medication list
• Most recent warfarin dosages and INR results (if available)
The above should be sent via the EMR system to the authorized implementer.
Clerical staff will contact the patient and book an initial appointment with the implementer.
INITIAL APPOINTMENTS
The initial appointment for a newly referred patient can be conducted by the implementer. The
implementer will provide education, and determine the most appropriate dose of warfarin and a
monitoring schedule.
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Patient Education:
Education of the patient is vital for ensuring safe and effective use of warfarin therapy. The education
provided during the session and comprehension will be documented in the patient’s EMR.
Compliance aids (e.g. a calendar) and written education material will be provided to the patient as
necessary at the initial and follow-up visits.
Upon initial visit to the clinic, the implementer will provide education including, but not limited to:
• Purpose of the medication and how it works
• Drug names, strength and description of tablets
• Importance of maintaining anticoagulation
• Recognition of signs of bleeding and appropriate procedures to follow
• Importance of compliance with drug regimen and follow-up monitoring – advise patients to
take Warfarin dose in evening to allow same-day dosage adjustment if required by INR result
• How to handle missed doses
• Dietary considerations and medication interactions
• Importance of informing other health care providers of warfarin use
• Importance of avoiding pregnancy, if appropriate
MAINTENANCE VISITS
The implementer will schedule regular clinic visits, during which the patient will have his/her INR
tested and warfarin dosage adjusted as needed. Patient response to warfarin therapy will be
evaluated on the basis of the INR results and information gathered through patient interview. Criteria
as outlined in Appendix D will be used to assess patient response to warfarin therapy and detect any
potential problems prior to dosage adjustments.
Frequency of Maintenance Visits
Stable patients: INR monitored every 4-6 weeks, up to 3 months for appropriate patients
Unstable patients: INR monitored weekly or as needed until INR is stable
OBTAINING INR RESULTS
The implementer will operate and maintain the point-of-care INR machine, as described in the
machine’s user manual. Implementers operating the point-of-care INR machine should follow
appropriate infection control strategies including: use of gloves, use of separate lancet for each
patient and disposal of lancets and test strips into a biohazard container with a secure lid.
CONDITIONS UNDER WHICH LABORATORY INR TESTING IS RECOMMENDED
As per Roche Diagnostics, manufacturer of Coaguchek XS, the INR result obtained via point-of-care
testing may be inaccurate under the following conditions, thus laboratory INR testing is
recommended:
• Abnormally high or low hematocrit (HCT <25% or >55%)
• Systemic lupus erythematosus (SLE)
• Antiphospholipid antibody syndrome
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DOCUMENTATION
All INR results and details of INR appointments will be documented into the patient’s chart within the
EMR using the custom form entitled “INR flow sheet” flagged as a Special Note. All authorized
implementers are to document on the “Equipment Maintenance & Safety logs” the date of quarterly
Coaguchek XS quality assurance testing.
EVALUATION OF THE SERVICE / QUALITY ASSURANCE
The pharmacist is responsible for performing periodic evaluation of the anticoagulation service – at
least annually. This should include, but is not limited to, evaluation of: amount or % of time patients
are within therapeutic range, time spent per visit, incidence of bleeding, incidence of
thromboembolism, cost of providing service, patient satisfaction and provider satisfaction. The
pharmacist will assess competency on an ongoing basis through clinical discussions with the
anticoagulation team. A designated authorized implementer at each site is responsible for quarterly
Coaguchek XS quality assurance testing using control samples provided by OneWorldAccuracy.
INR TESTING SUPPLIES
The Pharmacist is responsible for ensuring adequate supply of Coaguchek test strips and lancets for
the clinic. All test strips will be dispensed out of a central location at the Pharmacist’s office at the
Bay Site Suite 522. The Bloor site RN may distribute a limited supply to other site implementers. A test
strip inventory sign-out sheet will require double-signing by 2 authorized implementers to ensure that
the Coaguchek XS code chip matches the test strip code prior to use.
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Appendix F:
Letter to Dentist
Dear Dentist:
Regarding our mutual patient, patName, s/he is currently receiving warfarin for <<INDICATION FOR
WARFARIN>>, and the INR is being titrated for a value between <<TARGET INR RANGE>>. I have enclosed the
current medication list (as per our records) and patient history.
Allergies:
patALLR
Medications:
patRX
Medical History:
patHPH
patPROB
Based on best practice literature (references below), stopping warfarin for even 2 days, may cause an
increase in thromboembolic events by up to up to 1% (range 0.02% – 1%). We understand the risk of postoperative bleeding not controlled by local measures can be up to 3.8%, dependent on the procedure and local
measures taken, however post-operative bleeds can usually be managed quickly. Based on the best evidence
available, continuing the patient’s regular dose of warfarin does not seem to confer an increased risk of
bleeding (if INR <4) when compared with discontinuing or modifying warfarin dose in patients undergoing
dental procedures. We advise patients receiving warfarin to not discontinue warfarin for routine dental
procedures.
To help ensure appropriate care of our patient, please feel free to advise the patient to book an
appointment to have his/her INR measured before your procedure, and we will supply documentation of that
INR for your appointment.
If based on your clinical judgment, patName MUST be off warfarin to safely be treated, please contact
patMdName as soon as possible (at least 7 days before the procedure) so the patient can be appropriately
anticoagulated for the duration of care.
Thank you for the care you provide.
patMdName
patMdPhysNum
1.
2.
3.
4.
5.
6.
7.
8.
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Appendix G:
Warfarin Drug Interactions

Reference: Warfarin Therapy Management. British Columbia Guidelines & Protocols Advisory Committee, 2010.
For management of specific medications see: Bungard TJ, Yakiwchuk E, Foisy M. Drug interactions involving warfarin:
Practice tool and practical management tips. CJP. Jan/Feb Vol 144. No 1. 2011.
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