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Chapter 2

Common clinical indications 
for anticoagulation
Suresh Krishnamoorthy, Chee W Khoo, Eduard Shantsila, 
Gregory YH Lip

As discussed in Chapter 1, an anticoagulant is a substance that pos-
sesses the properties to limit clot formation and therefore can be used 
therapeutically to prevent or treat thrombotic disorders. In this chapter 
we discuss the common clinical conditions in which anticoagulation 
should be considered and the evidence available to justify the use of an 
appropriate antithrombotic therapy in these clinical settings.

Venous thromboembolism 
Epidemiology 
Venous thromboembolism (VTE) encompasses both deep vein thrombosis 
(DVT) and pulmonary embolism (PE). It is a common disorder with an 
incidence of 7.1 per 1000 person-years in developed countries [1,2]. VTE 
is more common in males and in black populations, and the incidence 
increases with aging. Furthermore, up to a fifth of patients with previous 
VTE have recurrences of VTE in the following 5 years [3].

PE, a life-threatening presentation of VTE, has a reported incidence 
of 6 cases per 10,000 person-years [4]. Notably, around 80% of cases 
of PE occur without any clinical signs [5]. It is also estimated that 1 in 
every 100 inpatient deaths is related to PE, making it one of the most 
common causes of preventable hospital mortality [6].
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Given that patients with VTE have a substantially increased risk of 
morbidity and mortality because of its complications (life-threatening 
PE and post-thrombotic syndrome) [7], when its presence is suspected 
patients should be carefully considered to ensure timely diagnosis and 
initiation of treatment. Common conditions associated with VTE are 
shown in Table 2.1. The imbalance between the activated coagulation 
cascade (both intrinsic and extrinsic pathways) and the fibrinolytic 
system is another predisposing feature that increases the risk of VTE.

It is worth mentioning that venous thrombi differ in site of formation 
and are rich in red cells compared with arterial thrombi, which are mainly 
platelet rich. Consequently, the antithrombotic effects of anticoagulants 
may vary substantially depending on thrombus location and these agents 
require a specific regimen for the clinical settings of venous thrombosis 
(eg, VTE) and arterial thrombosis (eg, acute coronary syndromes).

Anticoagulation in the prevention of 
venous thromboembolism 
The incidence of VTE can be reduced significantly using prophylactic regi-
mens in high-risk patients. Appropriate prophylaxis has been found to be 
cost-effective compared with the cost of managing established VTE cases [8].

Various prophylactic measures have been recommended in the pre-
vention of VTE, including injections of low-dose unfractionated heparin 
(UFH), adjusted-dose UFH, low-molecular-weight heparin (LMWH), oral 
warfarin, external pneumatic compression, or gradient elastic stockings 

Common conditions associated with venous thromboembolism 

Post-trauma 

 • Post-surgical patients (major surgery lasting >30 min, orthopedic surgeries) 
 • Previous deep vein thrombosis/pulmonary embolism 
 • Prolonged immobilization (bed rest, paralysis of legs or plaster casts, long flights) 
 • Malignancy 
 • obesity 
 • Pregnancy, use of oral contraceptive pills 
 • Advanced age 
 • other conditions: antithrombin iii deficiency, protein c and s deficiency (eg, varicose 

veins, thrombocytosis, polycythemia rubra vera, systemic lupus erythematosus, nephritic 
syndrome, stroke and debilitating infections)

Table 2.1 Common conditions associated with venous thromboembolism. 
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alone or in combination. Prophylactic therapy in high-risk patients should 
be tailored carefully, assessing both individual risk(s) and therapeutic 
benefits. Nevertheless, in contrast to the management of developed 
thrombosis, prophylactic therapy is simple, carries minimal risks and, 
if warfarin is not used, does not require monitoring.

In a meta-analysis of trials (n=19,958) using parenteral anticoagulant 
thromboprophylaxis (UFH, LMWH, fondaparinux) in hospitalized medical 
patients, there was a significant risk reduction in PE (relative risk [RR] 
0.43, 95% confidence interval [CI] 0.26–0.71) and fatal PE (RR 0.38, 
95% CI 0.21–0.69) and a nonsignificant reduction in DVT (RR 0.47, 95% 
CI 0.22–1.00) [9]. There was no effect on all-cause mortality (RR 0.97, 
95% CI 0.790–1.19), and, impressively, there was no significant increase 
in the risk of major hemorrhage (RR 1.32, 95% CI 0.73–2.37).

From another meta-analysis of randomized trials (n=16,000), perio-
perative use of prophylactic low-dose UFH reduced the incidence of DVT 
(odds ratio [OR] 0.3), symptomatic PE (OR 0.5), fatal PE (OR 0.4), and 
all-cause mortality (OR 0.8) compared with placebo in those undergoing 
general, orthopedic, and urological surgery [10]. In another analysis, there 
was an increase in the incidence of wound hematomas with low-dose UFH 
compared with placebo, although the incidence of major hemorrhage in 
these patients was not increased [11]. However, the use of UFH is limited 
due to its shorter half-life and the requirement for repeated injections 
and monitoring of the activated partial thromboplastin time (APTT).

Because of these limitations, there has been a major switch in clinical 
practice from low-dose UFH to LMWH (depolymerized UFH). This has 
both clinical and practical advantages: LMWH has a longer half-life, has 
higher bioavailability, and can be safely administered subcutaneously 
without the need for monitoring. In one meta-analysis, LMWH prophy-
laxis in patients undergoing general surgery showed a reduction of up 
to 70% in asymptomatic DVT and symptomatic VTE compared with no 
prophylaxis [12]. In a meta-analysis assessing the efficacy of individual 
anticoagulant agents, LMWH appeared to be more effective than UFH 
in the prevention of asymptomatic DVT (RR 0.47, 95% CI 0.36–0.62), 
without any increased risk of thrombocytopenia or hemorrhage [13], and 
it was also more cost-effective than UFH [14]. Similarly, meta-analyses of 
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head-to-head trials comparing LMWH and UFH prophylaxis in patients 
undergoing abdominal, hip, or knee surgery showed superior efficacy 
for LMWH in reducing VTE and deaths related to VTE with a good safety 
profile [15–17].

Hopes for a further improvement in parenteral management of 
thrombosis were associated with the introduction of the selective indirect 
factor Xa inhibitor fondaparinux. However, although the benefits of fon-
daparinux were demonstrated in patients with acute coronary syndromes, 
it has been found to have similar effectiveness and safety to the LMWH 
dalteparin in patients undergoing high-risk abdominal surgery [18].

Oral anticoagulants for thromboprophylaxis after surgery 
Until recently, oral anticoagulants were not considered an option for 
thromboprophylaxis after surgery. Warfarin could not be recommended 
for VTE prevention due to its delayed onset of action, its narrow thera-
peutic range and the requirement for careful monitoring. The novel 
oral direct thrombin inhibitor ximelagatran achieved favorable results 
in initial trials but was removed from further development because of 
safety issues [19,20]. More recently, however, newer oral anticoagulants 
have been shown to be safe and effective for thromboprophylaxis after 
surgery (see Chapter 5).

Guidelines for prevention of venous thromboembolism 
The risk of VTE is not homogeneous and depends on the presence of con-
comitant risk factors. The American College of Chest Physicians (ACCP) has 
published evidence-based clinical practice guidelines on VTE prevention 
following surgery and other medical conditions (Tables 2.2–2.4) [21].

Treatment of venous thromboembolism 
A number of randomized trials have confirmed that in patients with lower-
limb DVT, LMWH is superior to UFH in reducing mortality at 3–6 months 
and reducing the risk of hemorrhage [22]. Furthermore, a meta-analysis 
of trials comparing UFH and LMWH for the treatment of VTE showed no 
difference in the recurrence of VTE or PE, in minor or major hemorrhage, 
or in thrombocytopenia [23]. Furthermore, a 24% reduction in the risk 
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Prevention of venous thromboembolism in non-surgical patients

Condition Recommendations

Acutely ill hospitalized medical patients at 
increased risk of thrombosis

LMWH, LDUH, or fondaparinux (Grade 1B) 

For acutely ill hospitalized medical patients 
at low risk of thrombosis, or who are 
bleeding or at high risk for bleeding

No prophylaxis (Grade 1B)

Acutely ill hospitalized medical patients 
at increased risk of thrombosis who are 
bleeding or at high risk for major bleeding

Mechanical thromboprophylaxis with GCS or IPC 
(Grade 2C)

Critically ill patients with no bleeding LMWH or LDUH thromboprophylaxis (Grade 2C)

Critically ill patients, who are bleeding, or 
are at high risk for major bleeding

Mechanical thromboprophylaxis with GCS or IPC 
(Grade 2C)

outpatients with cancer who have no 
additional risk factors for vTE*

No routine prophylaxis (Grade 1B)

outpatients with solid tumors who have 
additional risk factors for vTE and who are 
at low risk of bleeding*

Prophylactic dose LMWH or LDUH (Grade 2B)

outpatients with cancer and indwelling 
central venous catheters

No routine prophylaxis (Grade 2B for LMWH or 
LDUH, Grade 2C for vKAs)

Chronically immobilized persons residing 
at home or at a nursing home

No routine prophylaxis (Grade 2C)

Long-distance travelers at increased risk 
of vTE†

Frequent ambulation, calf muscle exercise, or 
sitting in an aisle seat if feasible; below knee GCS 
(Grade 2C)

Asymptomatic thrombophilia No long-term daily use mechanical or 
pharmacologic thromboprophylaxis to prevent 
vTE (Grade 1C)

Table 2.2 Prevention of venous thromboembolism in non-surgical patients. These 
recommendations are from the American College of Chest Physicians evidence-based clinical 
practice guidelines. *Additional risk factors for venous thrombosis in cancer outpatients include 
previous venous thrombosis, immobilization, hormonal therapy, angiogenesis inhibitors, 
thalidomide, and lenali domide. †Increased risk of vTE includes previous vTE, recent surgery or 
trauma, active malignancy, pregnancy, estrogen use, advanced age, limited mobility, severe 
obesity, or known thrombophilic disorder). GCS, gradient compression stockings; IPC, intermittent 
pneumatic compression; LDUH, low-dose unfractionated heparin; LMWH, low-molecular-weight 
heparin; vKA, vitamin K antagonist; vTE, venous thromboembolism. Data from Guyatt et al [21].

of total mortality was observed in patients treated with LMWH com-
pared with UFH (RR 0.76, 95% CI 0.59–0.98). Treatment of PE with 
LMWH also appears to be safe, being at least as effective as UFH, and 
also cost effective, without the need for special laboratory monitoring 
[24,25]. LMWHs have also proved to be effective and safe options for 
the outpatient treatment of VTE [26–28].
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Table 2.3 Prevention of venous thromboembolism in non-orthopedic surgical patients 
(continues opposite).

Prevention of venous thromboembolism in non-orthopedic surgical patients

Conditions Recommendations

General and abdominal-pelvic surgery

very low risk for vTE* No pharmacologic (Grade 1B) or 
mechanical (Grade 2C) prophylaxis

Low risk for vTE Mechanical prophylaxis (Grade 2C)

Moderate risk for vTE (not at high risk for 
major bleeding)

LMWH (Grade 2B ), LDUH (Grade 2B), 
or mechanical prophylaxis (Grade 2C)

Moderate risk for vTE (at high risk for major bleeding 
or with bleeding thought to have particularly severe 
consequences)

Mechanical prophylaxis (Grade 2C)

High risk for vTE (not at high risk for major bleeding) LMWH (Grade 1B) or LDUH (Grade 1B). 
Plus mechanical prophylaxis  
(Grade 2C)

High-vTE-risk patients undergoing surgery for 
cancer (not at high risk for major bleeding)

Extended (4 weeks) LMWH (Grade 1B)

High-vTE-risk patients (at high risk for major 
bleeding or with bleeding thought to have 
particularly severe consequences)

Mechanical prophylaxis (Grade 2C)

High risk for vTE in whom both LMWH and UFH are 
contraindicated or unavailable (not at high risk for 
major bleeding)

Low-dose aspirin, fondaparinux, or 
mechanical prophylaxis (Grade 2C)

Cardiac surgery

Uncomplicated Mechanical prophylaxis (Grade 2C)

Hospital course is prolonged nonhemorrhagic 
surgical complications

Pharmacologic prophylaxis (LDUH or 
LMWH) and mechanical prophylaxis 
(Grade 2C)

Thoracic surgery

Moderate risk for vTE (not at high risk for 
perioperative bleeding)

LDUH or LMWH (Grade 2B), or 
mechanical prophylaxis with IPC 
(Grade 2C)

High risk for vTE (not at high risk for 
perioperative bleeding)

LDUH or LMWH (Grade 1B). 
Plus mechanical prophylaxis (Grade 2C)

High risk for major bleeding Mechanical prophylaxis (Grade 2C)

Craniotomy

At very high risk for vTE (eg, those undergoing 
craniotomy for malignant disease)

Pharmacologic prophylaxis added once 
adequate hemostasis is established 
and the risk of bleeding decreases 
(Grade 2C)

Spinal surgery at high risk for vTE (including those 
with malignant disease or those undergoing surgery 
with a combined anterior-posterior approach)

Mechanical prophylaxis (Grade 2C), 
UFH (Grade 2C), or LMWH (Grade 2C)
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Prevention of venous thromboembolism in non-orthopedic surgical patients 
(continued)
Major trauma 

Low risk for vTE LDUH, LMWH, or mechanical 
prophylaxis (Grade 2C)

High risk for vTE (including those with acute spinal 
cord injury, traumatic brain injury, and spinal 
surgery for trauma)

Adding mechanical prophylaxis 
to pharmacologic prophylaxis 
(Grade 2C) when not contraindicated 
by leg injury

If LMWH and LDUH are contraindicated Mechanical prophylaxis (Grade 2C) 
when not contraindicated by leg injury

Table 2.3 Prevention of venous thromboembolism in non-orthopedic surgical patients 
(continued). These recommendations are from the American College of Chest Physicians 
evidence-based clinical practice guidelines. *Based on Rogers and Caprini scores. LDUH, low-dose 
unfractionated heparin; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin; 
vTE, venous thromboembolism. Data from Guyatt et al [21].

Table 2.4 Prevention of venous thromboembolism in patients undergoing major 
orthopedic surgery. These recommendations are from the American College of Chest Physicians 
evidence-based clinical practice guidelines. IPCD, intermittent pneumatic compression device; 
LDUH, low-dose unfractionated heparin; LMWH, low-molecular-weight heparin; vKA, vitamin K 
antagonist. Data from Guyatt et al [21].

Prevention of venous thromboembolism in patients undergoing major 
orthopedic surgery
Total hip arthroplasty or total knee arthroplasty 
one of the following for a minimum of 10 to 14 days: lmwh, fondaparinux, apixaban, 
dabigatran, rivaroxaban, LDUH, vKA, aspirin (Grade 1B), or IPCD (Grade 1C)

LMWH is preferred to other agents for THA and TKA: fondaparinux, apixaban, dabigatran, 
rivaroxaban, LDUH (all Grade 2B), adjusted-dose vKA, or aspirin (all Grade 2C) 

Hip fracture surgery
one of the following for a minimum of 10 to 14 days: lmwh, fondaparinux, lduh, vkA, 
aspirin (Grade 1B), or an IPCD (Grade 1C)

LMWH is preferred to the other agents (fondaparinux, LDUH [Grade 2B]; adjusted-dose vKA or 
aspirin [Grade 2C])

Major orthopedic surgery: total hip arthroplasty, total knee arthroplasty and hip 
fracture surgery
If receiving LMWH as thromboprophylaxis, to start either ≥12 hours preoperatively or ≥12 hours 
postoperatively rather than within ≤4 hours preoperatively or ≤4 hours postoperatively (Grade 1B)

Extend thromboprophylaxis in the outpatient period for up to 35 days from the day of surgery 
(Grade 2B)

Use dual prophylaxis with an antithrombotic agent and an IPCD during the hospital stay (Grade 2C)

If increased risk of bleeding, use an IPCD or no prophylaxis rather than pharmacologic treatment 
(Grade 2C)

If patients declines or is uncooperative with injections or an IPCD, use apixaban or dabigatran 
(if both are unavailable then rivaroxaban or vKA), all (Grade 1B)
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In the MATISSE-DVT (Mondial Assessment of Thromboembolism 
treatment Initiated by Synthetic pentasaccharide with Symptomatic 
Endpoints – Deep Vein Thrombosis) trial [29], once-daily subcutaneous 
administration of fondaparinux was found to be noninferior to twice-daily 
injection of the LMWH enoxaparin, with no differences in the recurrence 
of DVT, major hemorrhage or death at 3 months. 

A disadvantage of LMWHs is that they require daily subcutaneous 
injections, often by trained personnel. Consequently, oral anticoagulation 
is considered an attractive option. Available data indicate that warfarin 
is non-inferior to LMWH in patients with VTE (without cancers), with 
a similar rate of VTE recurrence or hemorrhage [30]. Of interest, these 
positive results with warfarin were noted despite patients spending a 
relatively low proportion of time within the therapeutic international 
normalized ratio (INR) range, thus mirroring real life primary care prac-
tice. However, in patients with coexistent malignancies, treatment with 
LMWH appears to be more efficacious compared with warfarin [31].

Decisions with regard to the duration of warfarin anticoagulation 
in patients with VTE should be guided by whether or not the etiology 
is idiopathic. In many trials the VTE patient cohorts have been highly 
heterogeneous; nevertheless, it is clear from the pooled analyses that, 
compared with early termination of treatment, prolonged anticoagula-
tion with warfarin (INR 2–3) is associated with a significant reduction 
in the recurrence of VTE [32–34], albeit with a nonsignificant increase 
in the risk of hemorrhage. Conventional intensity warfarin therapy 
(INR 2–3) has also been found to be more effective than low-intensity 
(INR 1.5–2) warfarin anticoagulation [35,36], without any increased 
risk of hemorrhage in patients with symptomatic VTE.

The indirect factor Xa inhibitor idraparinux (injected subcutaneously 
once weekly) was found in a randomized trial [37] to be as effective 
and safe as warfarin in patients with VTE, with no differences in DVT 
recurrence. However, idraparinux was comparatively less effective in 
patients with PE, and long-term therapy carried higher hemorrhage 
risks than did warfarin.
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As an alternative to oral and parenteral anticoagulation for VTE man-
agement, catheter-directed thrombolysis [38–40] and thrombus removal 
[41] can be used and have been shown to improve the venous patency and 
outcomes in patients with acute DVT. By contrast, the available evidence 
for the utility of inferior vena cava filters [42,43] for treatment of VTE is 
conflicting, and therefore their routine use is not recommended. If they 
are used, patients should also receive conventional anticoagulation treat-
ment. With regard to thrombolysis in acute PE, a meta-analysis of trials 
comparing thrombolysis with heparin showed a nonsignificant reduc-
tion in PE recurrence (OR 0.67, 95% CI 0.4–1.12) and all-cause mortality 
(OR 0.70, 95% CI 0.37–1.30) with thrombolysis, but this was achieved at 
the expense of a significant increase in nonmajor hemorrhage (OR 2.63, 
95% CI 1.53–4.54) and intracranial hemorrhages [44].

Guidelines for treatment of venous thromboembolism 
Current guidelines recommend long-term oral anticoagulation at a con-
ventional intensity (INR 2–3 for vitamin K antagonist [VKA]) for patients 
with VTE (Table 2.5) [21,45]. The duration of the treatment should be 
3–6 months in those with precipitating risk factors and 12 months for ‘idi-
opathic’ VTE; however, in the event of further recurrences, the therapy 
should be further extended (for 12 months or more). Thrombolysis in patients 
with PE is reserved for those with hemodynamic instability or with other 
poor prognostic features, such as hypoxia, dilated and hypokinetic right 
ventricle, or elevated cardiac markers. Importantly, precipitating factors, 
such as occult malignancies (4–10% of VTE cases) [46], should be carefully 
considered in VTE patients, particularly in those with ‘idiopathic’ VTE.

In patients with acute VTE warfarin should be immediately initiated 
together with parenteral anticoagulation. Parenteral anticoagulation 
(LMWH of fondaparinux) should be used for at least 5 days and should 
not be discontinued until the INR reaches 2.0 for at least 24 hours. First 
episodes of VTE should be managed with an INR target of 2.5 (2.0–2.5), 
while more advanced anticoagulation should be employed with a target 
of INR 3.5 (3.0–4.0) in patients with recurrent VTE [21].
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Table 2.5 Current guidelines for the treatment of venous thromboembolism. DvT, deep 
vein thrombosis; INR, international normalized ratio; LMWH, low-molecular-weight heparin; 
PE, pulmonary embolism; vKA, vitamin K antagonist; UFH, unfractionated heparin. *The continuing 
use of treatment should be reassessed at periodic intervals (eg, annually). †The risk–benefit ratio of 
extended therapy should be reassessed after 3 months. Data from Guyatt et al [21] and Keeling [45].

Current guidelines for the treatment of venous thromboembolism

Condition Anticoagulation

Acute DVT

Initial treatment Parenteral anticoagulants  
(LMWH, fondaparinux, or UFH) (Grade 1B)

Long-term treatment Adjusted vKA (INR 2–3) (Grade 1B)

DvT provoked by surgery or by 
a nonsurgical transient risk factor

3 months (Grade 1B)

First unprovoked proximal DvT  
(low or moderate bleeding risk)

Extended (Grade 2B)*

First unprovoked proximal DvT  
(high bleeding risk)

3 months (Grade 1B)†

First unprovoked isolated distal DvT 3 months (Grade 2B if a low or moderate 
bleeding, Grade 1B a high bleeding risk)†

Second unprovoked vTE  
(low or moderate bleeding risk)

Extended (Grade 1B if low bleeding risk, 
Grade 2B if a moderate bleeding risk)*

Second unprovoked vTE  
(high bleeding risk)

3 months (Grade 2B)†

Any DvT and active cancer Extended (Grade 1B if non high bleeding risk, 
Grade 2B if a high bleeding risk)*

Acute PE

Initial treatment Parenteral anticoagulants and vKA (Grade 1B). 
Parenteral anticoagulation for a minimum of 
5 days and until the INR is 2.0 or above for at 
least 24 hours (Grade 1B)

If hypotension or high risk of hypotension and 
no high bleeding risk

Systemic thrombolysis (Grade 2C)

Long-term treatment Adjusted vKA (INR 2–3) (Grade 1B)

PE provoked by surgery or by a nonsurgical 
transient risk factor

3 months (Grade 1B)

First unprovoked PE  
(low or moderate bleeding risk)

Extended (Grade 2B)*

First unprovoked PE of the leg  
(high bleeding risk)

3 months (Grade 1B)†

Second unprovoked vTE  
(low or moderate bleeding risk)

Extended (Grade 1B if low bleeding risk, 
Grade 2B if a moderate bleeding risk)*

Second unprovoked vTE  
(high bleeding risk)

3 months (Grade 2B)†

Any PE and active cancer Extended (Grade 1B if low or moderate 
bleeding risk, Grade 2B if high bleeding risk)*
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Atrial fibrillation 
Epidemiology and thromboembolic risks with 
atrial fibrillation 
The overall prevalence of atrial fibrillation (AF) was 6% in the Framingham 
and Rotterdam studies [47,48]. Both of these studies found a one in four 
lifetime risk of developing AF, for both men and women aged 40 years 
and above. The population-based Renfrew–Paisley study in west Scotland 
found the prevalence of AF among patients aged 45–64 years to be 6.5% 
[49]; the prevalence of AF increases with age and is higher in males. The 
incidence of AF has risen by 13% over the past two decades, and it is 
predicted that 15.9 million people in the USA will have AF by 2050 [50].

The clinical significance of AF is largely associated with its increased 
risk for thromboembolic complications. The risk of ischemic stroke or 
thromboembolism is four- to five-fold higher across all age groups in 
patients with AF, and is similar in patients with either paroxysmal or 
permanent AF [51].

Acute atrial fibrillation 
At present no clinical trial data are available that assesses the role of 
anticoagulation in acute AF with hemodynamic instability. Consensus 
statements made by the UK National Institute for Health and Clinical 
Excellence (NICE) and the European Society of Cardiology (ESC) guide-
lines (2010) [54] advocate the use of heparin prior to cardioversion in 
acute AF, irrespective of the method used. In a randomized clinical trial 
of 155 patients with AF duration between 2 and 19 days and who were 
undergoing transesophageal echocardiograph-guided cardioversion, 
no significant differences between UFH and LMWH were observed in 
rates of stroke, systemic embolism, thrombus formation, or hemorrhage 
[55]. The use of LMWH simplifies the treatment regimen and allows 
early discharge from hospital [56]; however, for patients with planned 
cardioversion (whether electrical or pharmacological), oral anticoagu-
lation has to be initiated and therapeutic levels maintained for at least 
3 weeks before and 4 weeks after the procedure.

Long-term oral anticoagulation should be considered in patients with 
stroke risk factors or if there is a high risk of AF recurrence. If successful 
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cardioversion has not been achieved, the need for long-term thrombo-
prophylaxis should be assessed according to the patient’s individual 
stroke risk.

Long-term thromboprophylaxis 
The long-term risk of stroke is not homogeneous among AF patients. Each 
patient with AF should be assessed for thromboembolic risk, contrain-
dications, and comorbidities prior to commencement of antithrombotic 
therapy [55]. The state-of-the-art approach for anticoagulation in AF has 
been presented in the updated guidelines of the ESC on management of 
this disorder [52]. These recommendations include the introduction of 
a more advanced system of stroke-risk stratification. 

The guidelines recommend to perform an initial rapid risk assess-
ment using the simplest risk assessment scheme called the CHADS2 
score	(Cardiac	failure,	Hypertension,	Age	≥75	years,	Diabetes,	Stroke	
[2 points]) based on a point system in which 2 points are assigned for a 
history of stroke or transitory ischemic attack and 1 point each for other 
risk factors. Life-long oral anticoagulation therapy should be initiated in 
patients	with	a	CHADS2	score	≥2	(INR	target	of	2.5	[range,	2.0–3.0]),	
unless contraindicated.

A more detailed stroke risk-assessment schema is recommended in 
subjects with CHADS2 scores 0–1, which considers both ‘major’ and 
‘clinically relevant nonmajor’ stroke risk factors. This new schema is 
abbreviated as CHA2DS2-VASc (Congestive heart failure, Hypertension, 
Age	≥75	[doubled],	Diabetes,	Stroke	[doubled],	Vascular	disease,	Age	
65–74, and Sex category [female]) (Table 2.6) [56]. Patients with 1 ‘major’ 
or >2 ‘clinically relevant nonmajor’ risk factors are considered high-
risk and should receive oral anticoagulant therapy. In patients with 
one ‘clinically relevant nonmajor’ risk factor antithrombotic therapy 
is recommended either as oral anticoagulant therapy (INR 2.0–3.0) or 
aspirin 75–325 mg daily. Patients with no risk factors, such as those aged 
<65 years with lone AF, should receive aspirin 75–325 mg daily or no 
antithrombotic therapy at all.

It is important to point out that the same approach towards antico-
agulation should be applied to subjects with paroxysmal, persistent, or 
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permanent AF and those with atrial flutter. Subjects with AF who have 
mechanical heart valves should receive chronic oral anticoagulation 
based on the type and position of the prosthesis, with INR of at least 2.5 
in the mitral position and at least 2.0 for an aortic valve.

While warfarin is still the most commonly used oral anticoagulant, 
novel non-VKA anticoagulants have been recently introduced and will be 
discussed in detail in Chapter 5. Additionally the risk of bleeding associ-
ated with chronic oral anticoagulation in AF should not be neglected. 
Approaches for individual assessment of risk of bleeding have been vali-
dated and introduced into clinical practice recently and are discussed 
in Chapter 4.

Warfarin versus placebo 
The clinical trials that have compared warfarin with either control or 
placebo are summarized in Table 2.7 [55,57–61]. The results of these 
trials and a meta-analysis of adjusted-dose warfarin in AF patients 
showed a two-thirds reduction, compared with placebo, in the relative 
risk of ischemic stroke or systemic embolism in high-risk patients [62,63].

Stroke and bleeding risk assessment: the CHA2DS2-VASc schema for stroke 
risk assessment

Clinical characteristics Clinical characteristics

C Congestive heart failure/Lv dysfunction 1

H Hypertension 1

A2 Age ≥75 years 2

D Diabetes mellitus 1

S2 Stroke/TIA/TE 2

V vascular disease 1

A Age 65–74 years 1

Sc Sex category (ie, female gender) 1 

Maximum 9 points

Table 2.6 Stroke and bleeding risk assessment: the CHA2DS2-VASc schema for stroke 
risk assessment. In patients with thyrotoxicosis, antithrombotic therapy should be chosen 
based on the presence of other stroke risk factors, as listed in this figure. ‘vascular disease’ refers 
to myocardial infarction, complex aortic plaque, and PAD, including prior revascularization, 
amputation due to PAD or angiographic evidence of PAD. Lv, left ventricular; PAD, peripheral 
artery disease; TE, thromboembolic event; TIA, transient ischemic attack. Data from Lip et al [56]. 
© 2010, American College of Chest Physicians.
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Aspirin versus placebo 
The clinical trials that have compared antiplatelet therapy with either 
placebo or control are summarized in Table 2.8 [55,59,60,64–67]. Various 
aspirin doses between 50 and 1200 mg daily have been employed in these 
trials and evaluated during follow-up periods ranging from 1.2 years to 
4.0 years. Recent meta-analyses have reported that antiplatelet drugs, 
when compared with controls, reduced overall stroke risk by 19–22% 
[62,68]. However, this magnitude of stroke reduction is similar to that 
seen with the use of antiplatelet therapy in high-risk vascular disorders 
and, given that AF commonly coexists with vascular disease, the effect 
of aspirin may simply reflect the effect on vascular disease.

Warfarin versus antiplatelet therapy 
A meta-analysis of 12 large randomized trials involving 12,721 participants 
found a 39% RR reduction in all strokes when INR-adjusted-dose warfarin 

Thromboprophylaxis in atrial fibrillation: clinical trials comparing 
warfarin with control 

Study

Number of 
patients 
(warfarin) Target INR

Thromboembolic 
event/patients, 
warfarin vs placebo RRR (%); comments

AFASAK [55] 671 (335) 2.8–4.2 5/335 vs 21/336 54

BAATAF [57] 420(212) 1.5–2.7 3/212 vs 13/208 78

cAfA [58] 378 (187) 2.0–3.0 6/187 vs 9/191 33

EAFT [59] 
(secondary 
prevention 
study)

439 (225) 2.5–4.0 20/225 vs 50/214 68; mean follow-up 2.3 years; 
annual rate of outcome event 
was 8% vs 17%

SPAF-I [60] 421 (210) 2.0–4.5 8/210 vs 19/211 60

SPINAF [61] 571 (281) 1.4–2.8 7/281 vs 23/290 70; mean follow up 1.8 years; 
annual event rate among 
patients over 70 years of 
age: 4.8% in placebo group, 
0.9% in warfarin group 
(risk reduction 0.79)

Table 2.7 Thromboprophylaxis in atrial fibrillation: clinical trials comparing warfarin 
with control. AFASAK, Atrial Fibrillation, Aspirin, Anticoagulation trial; BAATAF, Boston Area 
Anticoagulation Trial for Atrial Fibrillation; CAFA, Canadian Atrial Fibrillation Anticoagulation 
trial; EAFT, European Atrial Fibrillation Trial; INR, international normalized ratio; RRR, relative 
risk reduction; SPAF, Stroke Prevention in Atrial Fibrillation trial; SPINAF, Stroke Prevention in 
Non-rheumatic Atrial Fibrillation trial. Data from [55,57–61].
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was compared with aspirin [62]. Clopidogrel plus aspirin versus oral 
anticoagulation for AF in the Atrial fibrillation Clopidogrel Trial with 
Irbesartan for prevention of Vascular Events (ACTIVE-W) [69], the 
largest of these trials, was stopped early because of the clear evidence 
of superiority of adjusted-dose warfarin.

In the randomized Birmingham Atrial Fibrillation Treatment of 
the Aged (BAFTA) study [70], warfarin (INR 2–3) was compared with 
aspirin 75 mg daily in 973 patients with AF aged 75 years or older in a 
primary care setting. The study demonstrated that during the average 
2.7-year follow-up warfarin was significantly more effective than aspirin 
in preventing stroke (by over 50%, with nearly 2% annual absolute risk 
reduction), without any difference between warfarin and aspirin in the 
risk of major hemorrhage.

At present, adjusted-dose warfarin remains the most efficacious 
prophylaxis for AF patients who have at least moderate risk of stroke.

Thromboprophylaxis in atrial fibrillation: clinical trials comparing aspirin 
with control 

Study
Number of  
patients (aspirin)

Doses  
(mg/day)

Thromboembolic 
event/ patients RRR (%); comments

AFASAK [55] 672 (336) 75 16/336 vs 19/336 17

EAFT [59] 782 (404) 300 88/404 vs 90/378 11

ESPS [64] 211 (104) 50 17/104 vs 23/107 At mean follow-up of 
2 years. Stroke risk was 
reduced by 18% with 
aspirin compared with 
placebo

SPAF-I [60] 1120 (552) 325 25/552 vs 44/568 44

UK-TIA [65] (a) 28 (13)
(b) 36 (21)

300
1200

3/13 vs 4/15
5/21 vs 4/15

17
14

JAST [66] 871 (426) 150 20/426 vs 19/445 10

LASAF [67] (a) 195 (104)
(b) 181 (90)

125
125 mg/ 
alt day

4/104 vs 3/91
1/90 vs 3/91

17
67

Table 2.8 Thromboprophylaxis in atrial fibrillation: clinical trials comparing aspirin with 
control. AFASAK, Atrial Fibrillation, Aspirin, Anticoagulation trial; alt, alternate; EAFT, European 
Atrial Fibrillation Trial; ESPS, European Stroke Prevention Study; JAST, Japan Atrial Fibrillation 
Stroke Trial; LASAF, Low-dose Aspirin, Stroke, Atrial Fibrillation; RRR, relative risk reduction; 
SPAF, Stroke Prevention in Atrial Fibrillation trial; UK-TIA, United Kingdom Transient Ischaemic 
Attack. Data from [55,59,60,64–67].
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Anticoagulation in other medical conditions 
Valve disease and endocarditis 
In patients with prosthetic mechanical heart valves, oral anticoagulation 
offers superior and consistent protection against systemic thromboem-
bolism compared with antiplatelet agents and is therefore recommended 
in all such patients [71]. VKA are medications of choice in patients with 
mechanical cardiac prosthetic valves. Novel oral anticoagulants should 
not be used in patients with a mechanical prosthesis, due to lack of 
evidence of their effectiveness and safety in these settings [72]. 

Target INR is established based on the presence of risk factors and the 
thrombogenicity of the prosthesis. Carbomedics, Medtronic Hall, St Jude 
Medical and ON-X prostheses have low thrombogenicity; other bileaflet 
valves have medium thrombogenicity, whilst Lillehei-Kaster, Omniscience, 
Starr-Edwards, Bjork-Shiley and other tilting-disc valves pose high risk of 
thrombogenicity. The target median INR should be 2.5, 3.0, and 3.5 for 
prostheses with low, medium, and high thrombogenicity, respectively. The 
target INR values should be increased by 0.5 in a patient who has one or 
more of the following patient-related risk factors: mitral or tricuspid valve 
replacement; previous thromboembolism; atrial fibrillation; mitral steno-
sis of any degree; left ventricular ejection fraction 35%. The target INR 
recommendations may need to be reduced if recurrent bleeding occurs, or 
increased in cases of embolism that has developed despite an acceptable 
INR level. Low-dose aspirin rather than anticoagulants is now considered 
as a preferable option in patients after aortic bioprostheses [72].

Both infective and nonbacterial thrombotic endocarditis carry a 
higher risk of embolic stroke. Persistent vegetation of >10 mm despite 
treatment, or one or more embolic events in the first 2 weeks of treatment, 
are indications for acute surgical treatment of the affected valves [73]. 
Nevertheless, data on the benefits of anticoagulant drugs in these clinical 
settings are lacking.

Acute myocardial infarction, left ventricular thrombus, 
and aneurysm 
The risk of stroke associated with acute myocardial infarction (MI) 
accompanied by left ventricular (LV) mural thrombus can be as high as 
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15% [74]. Nearly half of all patients with LV aneurysm have LV thrombus, 
and in such patients the extent of MI, severity of LV dysfunction, and 
age are independent predictors of stroke [75]. Anticoagulation has been 
associated with a 68% risk reduction in stroke in post-MI patients with 
LV thrombus and is now recommended for 3 months where LV thrombus 
formation post-MI occurs [76].

Trials evaluating the effectiveness of oral anticoagulation in post-MI 
patients have shown conflicting and inconclusive results. In a subgroup 
of patients with AF post-MI in the Efficacy and Safety of the oral direct 
Thrombin inhibitor ximElagatran in patients with rEcent Myocardial 
damage (ESTEEM) trial, 6.9% of patients treated with the combination 
of ximelagatran and aspirin had death, nonfatal MI, or stroke during a 
6-month follow-up, compared with 20.6% of patients who received aspirin 
alone 0.30 (95% CI 0.12–0.74) [77]. The Coumadin Aspirin Reinfarction 
study (CARS) compared fixed low-dose warfarin (INR 1.3–1.8) with 
low-dose aspirin (80 mg daily) and found no difference in nonfatal rein-
farction, nonfatal stroke or cardiovascular death (8.6% with aspirin versus 
8.4% with warfarin) at a median of 14 months of follow-up [78]. Similar 
results were obtained in the Combination Haemotherapy and Mortality 
Prevention (CHAMP) trial [79]; this compared aspirin monotherapy 
with warfarin (mean INR 1.8) plus aspirin after acute MI, and found 
no differences in stroke (3.5% with aspirin and 3.1% with combination 
therapy) at a median 2.7-year follow-up.

By contrast, the Warfarin, Aspirin, Reinfarction (WARIS) II study 
[80] showed that anticoagulation with warfarin plus aspirin or with 
warfarin alone (within 4 weeks of MI) reduced a composite of mortal-
ity, nonfatal reinfarction, or stroke compared with aspirin alone (15% 
versus 16.7% versus 20%, respectively). There was an overall risk 
reduction of 29% with combination therapy and 19% with warfarin 
compared with aspirin alone at a median follow-up of 2.7 years, but 
at the expense of more hemorrhagic events in the warfarin groups 
(0.62% [warfarin groups] versus 0.17% [aspirin alone] per treatment 
year). The Antithrombotics in the Secondary Prevention of Events in 
Coronary Thrombosis-2 (ASPECT-2) study showed similar benefits of 
oral anticoagulation compared with antiplatelet therapy; there was a 
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reduction in mortality, MI, and strokes (9% aspirin versus 5% warfa-
rin versus 5% warfarin plus aspirin), but with a trend towards a higher 
hemorrhage rate with warfarin [81].

Nonetheless, there is still no clear consensus as to whether antico-
agulant treatment of the whole cohort of patients with acute MI in sinus 
rhythm is more effective compared with conventional treatment with 
antiplatelets in reducing adverse cardiac events and, if it is, how long 
the treatment should continue.

A proportion (6–8%) of subjects presenting with ACS have pre-existing 
indications for long-term oral anticoagulation, for example, due to AF, 
mechanical heart valves, or VTE. Oral anticoagulation in ACS settings 
potentially poses several problems, which need to be considered. For 
example, triple therapy (two antiplatelet agents plus warfarin) tend to 
be associated with a higher risk of bleeding complications. Interruption 
of VKA therapy may expose the patient to an increased risk of thrombo-
embolic episodes. 

Accordingly, several precautions should be considered. Bare metal 
stents should be used, while usage of drug-eluting stents should be 
restricted to clinical and/or anatomical conditions, where their ben-
efits are clearly established (eg, long lesions, small vessels, diabetes). 
Radial access should be the preferred choice in order to reduce the risk 
of periprocedural bleeding, particularly when repeated interventions 
are needed. Percutaneous coronary interventions without interruption 
of warfarin are generally preferred to avoid bridging therapy, which may 
increase the risk of bleeding or ischemic events.

Nevertheless, triple therapy (warfarin, aspirin, and clopidogrel) 
seems to have an acceptable risk–benefit ratio and should be used in 
the initial 3–6 months (or for longer in some patients at low-bleeding 
risk) [51]. ST segment elevation myocardial infarction (STEMI) and 
non-ST segment elevation myocardial infarction (NSTEMI) patients 
with a high-risk of cardiovascular thrombotic complications should be 
followed with a prolonged (up to 12 months) therapy of warfarin plus 
clopidogrel 75 mg daily (or, alternatively, aspirin 75–100 mg daily, plus 
gastric protection) [52,82].
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Heart failure 
Heart failure is an increasingly common condition and is associated 
with increased thromboembolic risk; however, the utility of chronic 
anticoagulant therapy in patients with heart failure is still controversial. 
The authors of a Cochrane systematic review of antithrombotic drugs 
in patients with heart failure found no robust evidence for additional 
benefits of anticoagulation over administration of aspirin in reducing 
mortality and thromboembolism [83,84]. Of note, hospitalizations were 
more common in aspirin users than in those managed with warfarin.

Possible benefits of long-term oral anticoagulation have been 
addressed in several trials (Table 2.9) [85,86]. For example, the Warfarin/
Aspirin Study in Heart failure (WASH) trial was a small pilot study that 
compared aspirin, warfarin, and no treatment in heart failure patients 
[85]. It found no statistical differences in the primary endpoint of death, 
nonfatal MI, or nonfatal stroke (26 [no treatment], 32 [aspirin], and 26% 
[warfarin]), after a mean follow up of 27 months. Nonetheless, the rate 
of hospitalization for worsening heart failure was significantly higher in 
the aspirin arm compared with the warfarin arm and the no-treatment 
arm (P=0.044 for warfarin versus aspirin).

Heart failure: summary of randomized clinical trials comparing warfarin 
and aspirin 

Trials
Follow-up 
(months)

Head-to-head 
comparison Results

WASH 
[85]

27 warfarin (n=89) 
vs aspirin (n=91)  
vs no treatment (n=99)

No differences observed in primary outcomes 
(death or nonfatal MI or stroke) between 
treatment groups. More patients in aspirin 
group than warfarin group had Cv-related 
hospitalizations or death (hR 1.39, 95%  
CI 0.95–2.00) during first 12 months of follow-up

WATCH 
[86]

18 Warfarin (n=540) 
vs aspirin (n=523) 
or clopidogrel (n=524)

No significant differences noted in primary 
outcomes (death or nonfatal MI or nonfatal 
strokes) between treatment groups. However, 
patients on aspirin had more heart failure related 
hospitalizations than those on warfarin (P=0.019)

Table 2.9 Heart failure: summary of randomized clinical trials comparing warfarin and 
aspirin. CI, confidence interval; Cv, cardiovascular; HR, hazard ratio; MI, myocardial infarction; 
WASH, Warfarin/Aspirin Study in Heart failure; WATCH, Warfarin and Antiplatelet Therapy in 
chronic heart failure. data from cleland et al [85] and massie et al [86].
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Similar results were seen in the Warfarin and Antiplatelet Therapy 
in Chronic Heart failure (WATCH) trial in which patients with ejection 
fraction <35% were randomized to blinded antiplatelet therapy (aspirin 
or clopidogrel) or warfarin to prevent thromboembolic events [86]. 
In this study no difference was observed in the composite primary end-
point of stroke, MI, or death (20.7% [aspirin] versus 21.6% [clopidogrel] 
versus 19.6% [warfarin]) at 18 months, follow-up. However, because 
of poor recruitment of patients, the study was terminated earlier than 
expected and therefore was underpowered.

The ongoing multicenter, double-blind, randomized Warfarin versus 
Aspirin with ReduCed Ejection Fraction (WARCEF) trial [87] is studying 
the benefits of warfarin or aspirin in heart failure patients and may 
provide evidence for the benefits of appropriate antithrombotic therapy 
in these patients.

Conclusions 
Compelling evidence favors the use of appropriate antithrombotic thera-
pies for the prevention of VTE as well as treatment of patients with VTE, 
AF, and implantation of prosthetic valves, and the range of indications 
for anticoagulant therapy may expand further. However, despite this, 
each patient who might require anticoagulation should be individu-
ally assessed in terms of the potential benefits and risks of the therapy. 
Furthermore, the approach towards treatment needs to be holistic, and 
success is largely based on appropriate patient education to facilitate 
safer and effective use of anticoagulant therapies.

References
1 Heit JA, Melton LJ 3rd, Lohse CM, et al. Incidence of venous thromboembolism in hospitalized 

patients vs community residents. Mayo Clin Proc. 2001;76:1102-1110. 
2 Fowkes FJ, Price JF, Fowkes FG. Incidence of diagnosed deep vein thrombosis in the general 

population: systematic review. Eur J Vasc Endovasc Surg. 2003;25:1-5. 
3 hansson po, sörbo J, eriksson h. Recurrent venous thromboembolism after deep vein 

thrombosis: incidence and risk factors. Arch Intern Med. 2000;160:769-774. 
4 oger e. incidence of venous thromboembolism: a community-based study in western france. 

epi-getbp study group. groupe d'etude de la thrombose de bretagne occidentale. thromb 
haemost. 2000;83:657-660.

5 Nordstrom M, Lindblad B. Autopsy-verified venous thromboembolism within a defined urban 
population - the city of malmo, sweden. Apmis. 1998;106:378-384.



co m m o n cl i n i c A l i n d i c At i o n s f o R A n t i coAg u l At i o n • 27

6 Morrell MT, Dunnill MS. The post-mortem incidence of pulmonary embolism in a hospital 
population. Br J Surg. 1968;55:347-352. 

7 Heit JA, Silverstein MD, Mohr DN, et al. Predictors of survival after deep vein thrombosis and 
pulmonary embolism: a population-based, cohort study. Arch Intern Med. 1999;159:445-453. 

8 Agnelli G. Prevention of venous thromboembolism in surgical patients. Circulation. 
2004;110:Iv-4-Iv-12.

9 Dentali F, Douketis JD, Gianni M, et al. Meta-analysis: anticoagulant prophylaxis to prevent 
symptomatic venous thromboembolism in hospitalized medical patients. Ann Intern Med. 
2007;146:278-288. 

10 Collins R, Scrimgeour A, Yusuf S, Peto R. Reduction in fatal pulmonary embolism and 
venous thrombosis by perioperative administration of subcutaneous heparin. overview 
of results of randomized trials in general, orthopedic, and urologic surgery. N Engl J Med. 
1988;318:1162-1173. 

11 Clagett GP, Reisch JS. Prevention of venous thromboembolism in general surgical patients: 
results of meta-analysis. Ann Surg. 1988;208:227-240. 

12 Mismetti P, Laporte S, Darmon JY, et al. Meta-analysis of low molecular weight heparin in 
the prevention of venous thromboembolism in general surgery. Br J Surg. 2001;88:913-930. 

13 Wein L, Wein S, Haas SJ, et al. Pharmacological venous thromboembolism prophylaxis in 
hospitalized medical patients: a meta-analysis of randomized controlled trials. Arch Intern 
Med. 2007;167:1476-1486. 

14 Deitelzweig SB, Becker R, Lin J, Benner J. Comparison of the two-year outcomes and costs 
of prophylaxis in medical patients at risk of venous thromboembolism. Thromb Haemost. 
2008;100:810-820. 

15 Nurmohamed MT, Rosendaal FR, Büller HR, et al. Low-molecular-weight heparin versus 
standard heparin in general and orthopaedic surgery: a meta-analysis. Lancet. 1992;340:152-156. 

16 Hull RD, Raskob GE, Pineo G, et al. A comparison of subcutaneous low-molecular-weight 
heparin with warfarin sodium for prophylaxis against deep-vein thrombosis after hip or knee 
implantation. N Engl J Med. 1993;329:1370-1376. 

17 Francis CW, Pellegrini vD Jr, Totterman S, et al. Prevention of deep-vein thrombosis after total hip 
arthroplasty. Comparison of warfarin and dalteparin. J Bone Joint Surg Am. 1997;79:1365-1372. 

18 Agnelli, G, Bergqvist, D, Cohen A, Gallus AS, Gent M; PEGASUS investigators. Randomized 
clinical trial of postoperative fondaparinux versus perioperative dalteparin for prevention of 
venous thromboembolism in high-risk abdominal surgery. Br J Surg. 2005;92:1212-1220.

19 Francis CW, Berkowitz SD, Comp PC, et al; EXULT A Study Group. Comparison of ximelagatran 
with warfarin for the prevention of venous thromboembolism after total knee replacement. 
N Engl J Med. 2003;349:1703-1712. 

20 colwell cw Jr, berkowitz sd, lieberman JR, et al; eXult b study group. oral direct 
thrombin inhibitor ximelagatran compared with warfarin for the prevention of venous 
thromboembolism after total knee arthroplasty. J Bone Joint Surg Am. 2005;87:2169-2177. 

21 Guyatt GH, Akl EA, Crowther M, et al. Executive summary: antithrombotic therapy and 
prevention of thrombosis, 9th ed: American College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines. Chest. 2012;141;7S-47S.

22 Handoll HH, Farrar MJ, McBirnie J, et al. Heparin, low molecular weight heparin and physical 
methods for preventing deep vein thrombosis and pulmonary embolism following surgery 
for hip fractures. Cochrane Database Syst Rev. 2002;CD000305.

23 Dolovich LR, Ginsberg JS, Douketis JD, et al. A meta-analysis comparing low-molecular-
weight heparins with unfractionated heparin in the treatment of venous thromboembolism: 
examining some unanswered questions regarding location of treatment, product type, and 
dosing frequency. Arch Intern Med. 2000;160:181-188. 

24 Quinlan DJ, McQuillan A, Eikelboom JW. Low-molecular-weight heparin compared with 
intravenous unfractionated heparin for treatment of pulmonary embolism: a meta-analysis of 
randomized, controlled trials. Ann Intern Med. 2004;140:175-183. 



28 • hAndbook of oRAl AnticoAgulAtion

25 Wilbur K, Lynd LD, Sadatsafavi M. Low-molecular-weight heparin versus unfractionated 
heparin for prophylaxis of venous thromboembolism in medicine patients–a 
pharmacoeconomic analysis. Clin Appl Thromb Hemost. 2011;17:454-465. 

26 vinson dR, berman dA. outpatient treatment of deep venous thrombosis: a clinical care 
pathway managed by the emergency department. Ann Emerg Med. 2001;37:251-258. 

27 Smith BJ, Weekley JS, Pilotto L, et al. Cost comparison of at-home treatment of deep venous 
thrombosis with low molecular weight heparin to inpatient treatment with unfractionated 
heparin. Intern Med J. 2002;32:29-34. 

28 Segal JB, Streiff MB, Hofmann Lv, et al. Management of venous thromboembolism: 
a systematic review for a practice guideline. Ann Intern Med. 2007;146:211-222. 

29 Büller HR, Davidson BL, Decousus H, et al; Matisse Investigators. Fondaparinux or enoxaparin 
for the initial treatment of symptomatic deep venous thrombosis: a randomized trial. Ann 
Intern Med. 2004;140:867-873. 

30 Das SK, Cohen AT, Edmondson RA, et al. Low-molecular-weight heparin versus warfarin 
for prevention of recurrent venous thromboembolism: a randomized trial. World J Surg. 
1996;20:521-526. 

31 Lee AY, Levine MN, Baker RI, et al; Randomized Comparison of Low-Molecular-Weight Heparin 
versus oral Anticoagulant therapy for the prevention of Recurrent venous thromboembolism 
in patients with cancer (clot) investigators. low-molecular-weight heparin versus a 
coumarin for the prevention of recurrent venous thromboembolism in patients with cancer. 
N Engl J Med. 2003;349:146-153. 

32 Agnelli g, prandoni p, santamaria mg, et al; warfarin optimal duration italian trial 
Investigators. Three months versus one year of oral anticoagulant therapy for idiopathic 
deep venous thrombosis. warfarin optimal duration italian trial investigators. N Engl J Med. 
2001;345:165-169. 

33 Schulman S, Rhedin AS, Lindmarker P, et al. A comparison of six weeks with six months of 
oral anticoagulant therapy after a first episode of venous thromboembolism. Duration of 
Anticoagulation Trial Study Group. N Engl J Med. 1995;332:1661-1665. 

34 schulman s, granqvist s, holmström m, et al. the duration of oral anticoagulant therapy after 
a second episode of venous thromboembolism. The Duration of Anticoagulation Trial Study 
Group. N Engl J Med. 1997;336:393-398. 

35 Kearon C, Ginsberg JS, Kovacs MJ, et al; Extended Low-Intensity Anticoagulation for Thrombo-
Embolism Investigators. Comparison of low-intensity warfarin therapy with conventional-
intensity warfarin therapy for long-term prevention of recurrent venous thromboembolism. 
N Engl J Med. 2003;349:631-639. 

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

37 van Gogh Investigators; Buller HR, Cohen AT, et al. Idraparinux versus standard therapy for 
venous thromboembolic disease. N Engl J Med. 2007;357:1094-1104. 

38 Elsharawy M, Elzayat E. Early results of thrombolysis vs anticoagulation in iliofemoral venous 
thrombosis. A randomised clinical trial. Eur J Vasc Endovasc Surg. 2002;24:209-214. 

39 Comerota AJ, Throm RC, Mathias SD, et al. Catheter-directed thrombolysis for iliofemoral deep 
venous thrombosis improves health-related quality of life. J Vasc Surg. 2000;32:130-137. 

40 Razavi MK, Wong H, Kee ST, et al. Initial clinical results of tenecteplase (TNK) in catheter-directed 
thrombolytic therapy. J Endovasc Ther. 2002;9:593-598. 

41 plate g, einarsson e, ohlin p, et al. thrombectomy with temporary arteriovenous fistula: 
the treatment of choice in acute iliofemoral venous thrombosis. J Vasc Surg. 1984;1:867-876. 

42 Decousus H, Leizorovicz A, Parent F, et al. A clinical trial of vena caval filters in the prevention 
of pulmonary embolism in patients with proximal deep-vein thrombosis. Prévention 
du Risque d’Embolie Pulmonaire par Interruption Cave Study Group. N Engl J Med. 
1998;338:409-415. 



co m m o n cl i n i c A l i n d i c At i o n s f o R A n t i coAg u l At i o n • 29

43 White RH, Zhou H, Kim J, Romano PS. A population-based study of the effectiveness of 
inferior vena cava filter use among patients with venous thromboembolism. Arch Intern Med. 
2000;160:2033-2041. 

44 Wan S, Quinlan DJ, Agnelli G, Eikelboom JW. Thrombolysis compared with heparin for the 
initial treatment of pulmonary embolism: a meta-analysis of the randomized controlled trials. 
Circulation. 2004;110:744-749. 

45 Keeling D, Baglin T, Tait C, et al; British Committee for Standards in Haematology. Guidelines 
on oral anticoagulation with warfarin - fourth edition. Br J Haematol. 2011;154:311-324. 

46 otten hm, prins mh. venous thromboembolism and occult malignancy. Thromb Res. 
2001;102:v187-194. 

47 Lloyd-Jones DM, Wang TJ, Leip EP, et al. Lifetime risk for development of atrial fibrillation: 
the Framingham heart study. Circulation. 2004;110:1042-1046. 

48 Heeringa J, van der Kuip DA, Hofman A, et al. Prevalence, incidence and lifetime risk of atrial 
fibrillation: the Rotterdam study. Eur Heart J. 2006;27:949-953. 

49 Stewart S, Hart CL, Hole DJ, McMurray JJ. Population prevalence, incidence, and predictors of 
atrial fibrillation in the Renfrew/Paisley study. Heart. 2001;86:516-521. 

50 Miyasaka Y, Barnes ME, Gersh BJ, et al. Secular trends in incidence of atrial fibrillation in 
olmsted county, minnesota, 1980 to 2000, and implications on the projections for future 
prevalence. Circulation. 2006;114:119-125. 

51 Camm AJ, Kirchhof P, Lip GY, et al. Guidelines for the management of atrial fibrillation: the Task 
Force for the Management of Atrial Fibrillation of the European Society of Cardiology (ESC). 
Eur Heart J. 2010;31:2369-2429. 

52 Camm AJ, Kirchhof P, Lip GYH, et al; The Task Force for the Management of Atrial Fibrillation of 
the European Society of Cardiology (ESC). Guidelines for the management of atrial fibrillation. 
Euro Heart J. 2010;31:2369-2429.

53 Klein AL, Jasper SE, Katz WE, et al; ACUTE II Steering and Publications Committee for the 
ACUTE II Investigators. The use of enoxaparin compared with unfractionated heparin for 
short-term antithrombotic therapy in atrial fibrillation patients undergoing transoesophageal 
echocardiography-guided cardioversion: assessment of Cardioversion Using Transoesophageal 
Echocardiography (ACUTE) II randomized multicentre study. Eur Heart J. 2006;27:2858-65. 

54 Wu LA, Chandrasekaran K, Friedman PA, et al. Safety of expedited anticoagulation in 
patients undergoing transesophageal echocardiographic-guided cardioversion. Am J Med. 
2006;119:142-146. 

55 Petersen P, Boysen G, Godtfredsen J, et al. Placebo-controlled, randomised trial of warfarin 
and aspirin for prevention of thromboembolic complications in chronic atrial fibrillation. 
The Copenhagen AFASAK study. Lancet. 1989;i:175-179. 

56 Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratification for 
predicting stroke and thromboembolism in atrial fibrillation using a novel risk factor-based 
approach: the euro heart survey on atrial fibrillation. Chest. 2010;137:263-72. 

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

58 Connolly SJ, Laupacis A, Gent M, et al. Canadian Atrial Fibrillation Anticoagulation (CAFA) 
Study. J Am Coll Cardiol. 1991;18:349-355. 

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

60 Stroke Prevention in Atrial Fibrillation Study. Final results. Circulation. 1991;84:527-539. 
61 Ezekowitz MD, Bridgers SL, James KE, et al. Warfarin in the prevention of stroke associated with 

nonrheumatic atrial fibrillation. veterans Affairs Stroke Prevention in Nonrheumatic Atrial 
Fibrillation Investigators. N Engl J Med. 1992;327:1406-1412. 

62 Hart RG, Pearce LA, Agullar MI. Antithrombotic therapy to prevent stroke in patients who have 
nonvalvular atrial fibrillation: a meta-analysis. Ann Intern Med. 2007;146:857-867. 



30 • hAndbook of oRAl AnticoAgulAtion

63 Lip GY, Edwards SJ. Stroke prevention with aspirin, warfarin and ximelagatran in patients with 
non-valvular atrial fibrillation: a systemic review and meta-analysis. Thromb Res. 2006;118:321-33. 

64 Diener HC, Cunha L, Forbes C, et al. European Stroke Prevention Study. 2. Dipyridamole and 
acetylsalicylic acid in the secondary prevention of stroke. J Neurol Sci. 1996;143:1-13.

65 UK-TIA Study Group. The United Kingdom Transient Ischemic Attack (UK-TIA) aspirin trial: final 
results. J Neurol Neurosurg Psychiatry. 1991;54:1044-1054.

66 Japan Atrial Fibrillation Stroke Trial Group. Low-dose aspirin for prevention of stroke in low-risk 
patients with atrial fibrillation: Japan Atrial Fibrillation Stoke Trial. Stroke. 2006;37:447-451. 

67 Posada IS, Barriales v. Alternate-day dosing of aspirin in atrial fibrillation. LASAF Pilot Study 
Group. Am Heart J. 1999;138:137-143.

68 Stroke Prevention in Atrial Fibrillation investigators. A differential effect of aspirin in 
prevention of stroke on atrial fibrillation. J Stroke Cerebrovasc Dis. 1993;3:181-188. 

69 ACTIvE Writing Group on behalf of the ACTIvE Investigators. Clopidogrel plus aspirin 
versus oral anticoagulation for atrial fibrillation in the atrial fibrillation clopidogrel trial with 
irbesartan for prevention of vascular events (ACTIvE W). Lancet. 2006;367:1903-1912. 

70 Mant J, Hobbs FD, Fletcher K, et al; BAFTA investigators; Midland Research Practices Network 
(MidReC). Warfarin versus aspirin for stroke prevention in an elderly community population 
with atrial fibrillation (the Birmingham Atrial Fibrillation Treatment of the Aged Study, BAFTA): 
a randomised controlled trial. Lancet. 2007;370:493-503. 

71 Stein PD, Alpert JS, Bussey HI, et al. Antithrombotic therapy in patients with mechanical and 
biological prosthetic heart valves. Chest. 2001;119:220-227S. 

72 American College of Cardiology/American Heart Association Task Force on Practice Guidelines; 
Society of Cardiovascular Anesthesiologists; Society for Cardiovascular Angiography and 
interventions; society of thoracic surgeons; bonow Ro, carabello bA, kanu c, et al. Acc/AhA 
2006 guidelines for the management of patients with valvular heart disease: a report of the 
American College of Cardiology/American Heart Association Task Force on Practice Guidelines 
(writing committee to revise the 1998 guidelines for the management of patients with valvular 
Heart Disease): developed in collaboration with the Society of Cardiovascular Anesthesiologists: 
endorsed by the Society for Cardiovascular Angiography and Interventions and the Society of 
Thoracic Surgeons. Circulation. 2006;114:e84-231. 

73 vahanian A, Alfieri o, Andreotti f, et al; esc committee for practice guidelines. guidelines 
on the management of valvular heart disease (version 2012): the Joint Task Force on the 
Management of valvular Heart Disease of the European Society of Cardiology (ESC) and the 
European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2012;33:2451-496.

74 vaitkus PT. Left ventricular mural thrombus and the risk of embolic stroke after acute 
myocardial infarction. J Cardiovasc Risk. 1995;2:103-106. 

75 Loh E, Sutton MS, Wun CC, et al. ventricular dysfunction and the risk of stroke after myocardial 
infarction. N Engl J Med. 1997;336:251-257. 

76 Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA Guidelines for the Management of 
Patients With ST-Elevation Myocardial Infarction – Executive summary: a report of the 
American College of Cardiology/American Heart Association Task Force on Practice Guidelines 
(Writing Committee to Revise the 1999 Guidelines for the Management of Patients with Acute 
Myocardial Infarction). Circulation. 2004;110:588-636. 

77 Tangelder MJ, Frison L, Weaver D, et al. Effect of ximelagatran on ischemic events and death 
in patients with atrial fibrillation after acute myocardial infarction in the efficacy and safety of 
the oral direct thrombin inhibitor ximelagatran in patients with recent myocardial damage 
(ESTEEM) trial. Am Heart J. 2008;155:382-387. 

78 Coumadin Aspirin Refarction Study (CARS) Investigators. Randomised double-blind trial of 
fixed low dose warfarin with aspirin after myocardial infarction. Lancet. 1997;350:389-396. 

79 Fiore L, Ezekowitz MD, Brophy MT, et al. Department of veterans Affairs Cooperative Studies 
Program Clinical Trial comparing combined warfarin and aspirin with aspirin alone in survivors of 
acute myocardial infarction: primary results of the CHAMP study. Circulation. 2002;105:557-563. 



co m m o n cl i n i c A l i n d i c At i o n s f o R A n t i coAg u l At i o n • 31

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

81 van Es RF, Jonker JJC, verheugt FWA, et al. Aspirin and coumadin after acute coronary 
syndromes (the ASPECT-2 study). Lancet. 2002;360:109-113. 

82 Hamm CW, Bassand JP, Agewall S, et al. ESC Guidelines for the management of acute coronary 
syndromes in patients presenting without persistent ST-segment elevation: The Task Force 
for the management of acute coronary syndromes (ACS) in patients presenting without 
persistent ST-segment elevation of the European Society of Cardiology (ESC). Eur Heart J. 
2011;32:2999-3054.

83 Lip GY, Gibbs CR. Antiplatelet agents versus control or anticoagulation for heart failure in sinus 
rhythm: a Cochrane systematic review. Q J Med. 2002;95:461-468. 

84 Lip GYH, Gibbs CR. Anticoagulation for heart failure in sinus rhythm: a Cochrane systemic 
review. Q J Med. 2002;95:451-459. 

85 Cleland JG, Findlay I, Jafri S, et al. The Warfarin/Aspirin Study in Heart Failure (WASH): 
a randomised trial comparing antithrombotic strategies for patients with heart failure. 
Am Heart J. 2004;148:157-164. 

86 Massie BM. Randomized trial of warfarin, aspirin, and clopidogrel in patients with chronic 
heart failure: the Warfarin and Antiplatelet Therapy in Chronic Heart Failure (WATCH) trial. 
Circulation. 2009;119:1616-1624. 

87 Warfarin versus Aspirin in Reduced Cardiac Ejection Fraction (WARCEF). www.clinicaltrials.
gov/ct2/show/nct00041938. clinicaltrails.gov, A service of the u.s. national institutes of 
Health. Updated August 16, 2011. Accessed July 13, 2013.


	Chapter 2: Common clinical indicationsfor anticoagulation
	Venous thromboembolism
	Atrial fibrillation
	Anticoagulation in other medical conditions
	Conclusions
	References


