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Overview
Venous thromboembolism (VTE) is a highly prevalent disorder that is often

asymptomatic and underdiagnosed. Both of its forms, deep vein thrombosis (DVT)

and pulmonary embolism (PE), can manifest themselves through a number of

medical conditions. Unfortunately, DVT and PE have been associated with

preventable morbidity and mortality due to missed opportunities for prophylaxis,

diagnosis, and treatment. Knowing when and how to implement aggressive

anticoagulation therapy is vital to improving patient care. Conventional

antithrombotic agents of the last few decades such as unfractionated heparin

(UFH) and warfarin may no longer be the agents of choice for some patients, as low

molecular weight heparins (LMWH), factor Xa inhibitors, and direct thrombin

inhibitors have emerged as important treatment alternatives. Proper selection and

utilization of anticoagulants are paramount to achieving better outcomes.

An important consideration in the management of VTE is an awareness of

treatment complications, including heparin-induced thrombocytopenia (HIT). HIT is

a potentially life-threatening complication of heparin therapy that occurs 4 to 14

days following heparin initiation. HIT may develop within 24 hours in patients with

a history of recent heparin exposure. HIT can result in devastating thrombotic

complications including acute thrombotic stroke, myocardial infarction, pulmonary

embolism, and arterial limb occlusion requiring amputation. Although HIT is usually

recognized by a characteristic drop in platelet count, new insights into the

recognition of HIT have been gained over the past few years. Because heparin is

prescribed in a variety of patient populations, clinicians should be able to recognize

the atypical presentations of HIT. Early diagnosis, heparin cessation, and prompt

initiation of appropriate alternative anticoagulants should assist in achieving

optimal patient outcomes.  

Part 1 of this program will discuss the epidemiology, risk factors, and clinical

presentation of DVT and PE. Treatment options and guidelines will be reviewed in

the context of recent clinical data. Part 2 will describe new insights into the clinical

presentation of HIT, and provide recommendations for optimizing outcomes in HIT

patients. Clinical trial data on the direct thrombin inhibitors will be reviewed and

new therapeutic options will be discussed. 

Educational Objectives
Following both parts of this audioconference,
participants should be able to:

1. Cite the epidemiology, risk factors, and
clinical presentation of deep vein thrombosis
(DVT) and pulmonary embolism (PE).

2. Identify current treatment options for the
management of DVT and PE, and
differentiate their potential benefits and
limitations. 

3. Describe new insights into the clinical
presentation of heparin-induced
thrombocytopenia (HIT) and key
recommendations for its management.

4. Compare and contrast clinical trial data 
on HIT treatment agents and identify new
therapies on the horizon.

Part 1: New Insights into

the Recognition and

Management of

Venous

Thromboembolism

Part 2: New Insights into

the Recognition and

Management of

Heparin-induced

Thrombocytopenia
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Educational Objectives

• Review the epidemiology, risk factors, and clinical 
presentation of venous thromboembolism (VTE) 

• Compare data from recent clinical trials of agents 
used to prevent and treat deep vein thrombosis 
(DVT) and pulmonary embolism (PE)

• Describe the potential benefits and limitations of 
current treatment options for DVT

Notes

Slide 2

Venous Thromboembolic Disease 
(VTE)

• Venous thrombus formation with or without subsequent 
intravascular migration

− DVT

− PE

• Complications

− Acute

• Recurrent VTE

• Limb loss

• Death

Colman RW, et al., eds. Hemostasis and Thrombosis. Basic Principles and Clinical Practice.
3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins;1994:1275; Cohen AT, et al. Thromb
Haemost. 2001;85:940-941.

− Long term

• Recurrent VTE

• Post-thrombotic syndrome

• Pulmonary hypertension
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VTE: Impact in the United States 

• 2 million cases of VTE occur every year
• 100 of 100,000 people in the US experience a VTE for the 
first time yearly

− One third manifest as PE
− Two thirds manifest as DVT alone

• Death within 1 month of diagnosis
− 6% of DVT cases
− 12% of PE cases

• Recurrent VTE after first unprovoked/idiopathic episode 
− Up to 17% of DVT patients 2 years after initial treatment
− 30% of DVT patients 8-10 years after treatment

Hirsh J, Hoak J. Circulation. 1996;93:2212-2245;. American Heart Association. Heart Disease 
and Stroke Statistics – 2004 Update; Prandoni P, et al. Haematologica. 1997;82:423-428; 
Pengo V, et al. N Engl J Med. 2004;350:2257-2264.
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Symptomatic 
DVT/PE        
(20-30%)

Clinically 
evident

Clinically 
occult

Fatal PE 
(1-5%)

Asymptomatic
DVT/PE
(70-80%)

Clinical Distribution of VTE

Geerts WH, et al. Chest. 2001;119(suppl 1):132S-175S.
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VTE: Lower Extremity Sites

• Calf

− Lower risk for PE

− 20% propagate proximally

• Proximal (popliteal, femoral, or iliac)

− Approximately 60% embolize to the lungs if untreated

• Asymptomatic VTE

− Important proxy for symptomatic DVT and PE

− Significant correlation between asymptomatic and 
symptomatic events

Colman RW, et al., eds. Hemostasis and Thrombosis. Basic Principles and Clinical 
Practice. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins;1994:1275; Cohen AT, 
et al. Thromb Haemost. 2001;85:940-941.
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Hirsh J, Hoak J. Circulation. 1996;93:2212-2245.

Pathogenesis of VTE:
Virchow’s Triad

Rudolf 
Virchow
1821–1902

Obesity,
immobility Surgery,

trauma

Inherited or 
acquired disorder

Venous 
stasis

Vascular 
injury

Hypercoagulability
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Groups at Risk for VTE

Stasis
• Age-related venous 
insufficiency

• Immobility (surgery, travel)
• Congestive heart failure
• Stroke
• Spinal cord injury/paralysis
• Polycythemia (hyperviscosity)
• Severe pulmonary disease
• Obesity

Hypercoagulable
• Cancer
• High estrogen states
• Inflammatory bowel
• Nephrotic syndrome
• Sepsis
• Thrombophilia

Endothelial damage
• Surgery
• Prior DVT
• Central lines
• Trauma

THRIFT Consensus Group. Br Med J. 1992;305:567-574.
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Risk Factors for VTE: 
Hypercoagulability

• Inherited
− Factor V Leiden (activated protein C resistance)
− Prothrombin G20210A mutation
− Deficiencies of

• Antithrombin III
• Protein C
• Protein S

• Acquired or unknown
− Antiphospholipid antibody syndrome
− Elevated homocysteine levels
− Elevated factor VIII levels

Haas S. Semin Thromb Hemost. 2003;29:17-21.
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VTE: A Large Population at Risk

Anderson FA, et al. Arch Intern Med. 1992;152:1660-1664.

19% of hospitalized 
patients have at least 

3 risk factors

Patients with at least 3 risk factors (%)

0 10 20 30 40 50 60 70 80

All hospitalized

All major surgery

Abdominal surgery

Vascular surgery

Neurosurgery

Urology

Cardiac surgery

Up to 70% 
in surgical 
patients

Prevalence of VTE Risk in a Typical Hospital Population: 
Percentage of Patients with at Least 3 VTE Risk Factors

Notes
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Absolute Risk of DVT in Hospitalized 
Patients

Anderson, FA et al. Arch Intern Med. 1991;151:933-938.

Patient Group DVT Prevalence, %

Medical patients 10-20
General surgery 15-40
Major gynecologic surgery 15-40
Major urologic surgery 15-40
Neurosurgery 15-40
Stroke 20-50
Arthroplasty, hip fracture 40-60
Major trauma 40-80
Spinal cord injury 60-80
Critical care 10-80

Rates based on objective diagnostic testing for DVT in patients not 
receiving thromboprophylaxis.
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VTE: Clinical Presentation

Deep Venous Thrombosis

• Swelling

• Pain

• Warmth

• Erythema

Pulmonary Embolism

• Dyspnea

• Pleuritic chest pain

• Cough

• Hemoptysis

• Anxiety

• Sense of doom

• Tachycardia

• Hypotension/syncope

Haas S. Semin Thromb Hemost. 2003;29:17-21.
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Nonpharmacologic Prevention of 
VTE

• Early ambulation

• Graduated compression stockings

• Intermittent pneumatic compression (IPC)

• Inferior vena cava interruption
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Primary Pharmacologic Prevention 
of VTE

• Aspirin use is highly controversial 
• Low-dose or adjusted-dose SC unfractionated 
heparin (UFH)

• Low molecular weight heparin (LMWH)
− Dalteparin  
− Enoxaparin
− Tinzaparin

• Warfarin
• Fondaparinux

Notes
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Mechanisms of Anticoagulation1

1. Adapted with permission from Petitou M, et al. Nature. 1991;350(suppl):30-33;2. Hirsh J, 
Fuster V. Circulation. 1994;89:1449-1468; 3. Hirsh J, et al. Chest. 2001;119(suppl 1):64S-94S; 
4. Nutescu EA, et al. Pharmacotherapy. 2004;24(7 Pt 2):82S-87S; 5. Weitz JI, Hirsh J. Chest.
2001;119(suppl 1):95S-107S.

XIIa

Xa

Intrinsic system
(surface contact)

XII

XI XIa

Tissue factor

IX IXa VIIa VII

VIII VIIIa

Extrinsic system
(tissue damage)

X Xa
V Va

II

Fibrinogen Fibrin

(Thrombin)IIa
Factor Xa inhibitors4,5

Direct thrombin inhibitors4,5

Vitamin K antagonists4

Heparins2,3



Notes

Slide 15

9

Venographic DVT after Total 
Joint Arthroplasty 
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Geerts WH, et al. Chest. 2004;126:338S-400S; Turpie AG, et al. Arch Intern Med.
2002;162:1833-1840.
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Fondaparinux better Enoxaparin better
Exact 95% CI

Hip replacement
n=3411

Hip fracture
n=1250

Knee replacement
n=724

Overall odds reduction

-100 -80 -60 -40 -20 200 40 60 80 100

45.4%

63.1%

55.3%

[59.0; 27.6]

[73.4; 45.0]

[75.5; 44.8]

[63.2; 45.8]

61.6%

P=10-17

Orthopedic Surgery: 
Fondaparinux vs LMWH

Odds reduction (%)

Turpie AG, et al. Arch Intern Med. 2002;162:1833-1840.

Efficacy
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Orthopedic Surgery: 
Fondaparinux vs LMWH (cont.)

Safety: All Treated Patients up to Day 11
Fondaparinux

(n=3616)
Enoxaparin
(n=3621)

Fatal 0 1

Nonfatal in critical organ 0 1

Leading to re-operation
12 (0.3%)
[0.17; 0.58]

Bleeding index ≥2 84 (2.3%)
[1.9; 2.9]

53 (1.5%)
[1.1; 1.9]

Other (minor)
109 (3.01%)
[2.5; 3.6]

99 (2.73%)
[2.2; 3.3]

8 (0.2%)
[0.11; 0.47]

P-value

N/S

N/S

N/S

<0.05

N/S

Bleeding

Turpie AG, et al. Arch Intern Med. 2002;162:1833-1840.
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Bleeding Index According to Timing 
of First Fondaparinux Injection

Time in hours from end of surgery to the first injection of fondaparinux, 2.5 mg

Bleeding with transfusion ≥2 units and/or 
hemoglobin decrease ≥2 g/dL

P
at
ie
n
ts

b
le
ed

in
g
(%

)

<4 4-5 5-6 6-7 7-8 >8 

3.77%

2.25% 2.16%

1.78%
1.48%

1.14%

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

Turpie AGG, et al. Blood. 2001;98(11):266A; Arixtra (fondaparinux) package insert; 
Research Triangle Park, NC: GlaxoSmithKline; 2005.
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FLEXTRA: 
Effects of Delayed Administration

• Standard regimen

− Day 1: 1st dose 8+ 2 hours after surgery

− Day 2: 2nd dose no earlier than 12 hours after 1st dose

− Day 3-10: Subsequent doses between 0700-0900 hours

• Alternate regimen

− Day 1: No study drug

− Day 2: 1st dose between 0700-0900 hours

− Day 3-10: Subsequent doses between 0700-0900 hours

Colwell CW, Jr, et al. J Arthroplasty. 2006;21:36-45.

Notes
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Incidence of VTE at 6 ± 1 Weeks 
Post-surgery

Standard regimen
(n=1003), n (%)

Alternate regimen 
(n=997), n (%)

Odds ratio 
(95% CI) P – ?

Overall VTE 20 (2.0) 19 (1.9) 1.05 (0.55, 1.97) 0.89

THA 3 4 1.0

TKA 17 15 0.87

DVT 11(1.1) 11 (1.1) 0.99 (0.42, 2.3) 0.99

THA 0 1 1.0

TKA 10 10 0.99

PE 9 (0.9) 10 (1.0) 0.89 (0.36, 2.2) 0.81

THA 3 2 0.66

TKA 6 7 0.77

Both DVT/PE 0 (0.0) 2 (0.2) ND ND

Fatal PE 0 (0.0) 0 (0.0) ND ND

Time to first 
occurrence of VTE (d)

5 (2, 37) 7 (2, 32) ND 0.96

Colwell CW, Jr, et al. J Arthroplasty. 2006;21:36-45.
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DVT and PE Prophylaxis in 
Abdominal Surgery

• PEGASUS 

− A multicenter, randomized, double-blind study of 
fondaparinux and dalteparin for the prevention of  
venous thromboembolism in patients at high risk 
undergoing abdominal surgery

• APOLLO

− A multicenter, randomized, double-blind, placebo-
controlled study of fondaparinux with intermittent 
pneumatic compression (IPC) versus IPC used alone 
for the prevention of venous thromboembolism in 
patients at increased risk undergoing abdominal surgery

Agnelli G, et al. Br J Surg. 2005; 92:1212-1220. 
Turpie AGG, et al. ASH Abstracts 2005;106. Abstract 279.

Notes
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PEGASUS:
Efficacy and Safety Measures

• Primary efficacy measure – VTE outcomes, evaluated up to 
the first venogram or up to day 10, whichever came first

− Venogram positive for DVT between day 5 and day 10, 
symptomatic DVT and/or nonfatal PE, fatal PE

• Secondary efficacy measure – incidence of individual VTE 
components of the primary endpoint up to day 10

• Primary safety measure – incidence of major bleeding from 
first injection to 2 days after the last injection

Major bleeding is defined as fatal bleeding; bleeding that is retroperitoneal, 
intracranial, bleeding that involved any critical organ; overt bleeding with a 
bleeding index of 2 or more; or bleeding leading to intervention, from first 
injection to 2 days after the last injection. 

Agnelli G, et al. Br J Surg. 2005;92:1212-1220.  
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6 (0.4%) 

All randomized patients

Symptomatic VTE, Nonfatal, and 
Fatal Pulmonary Embolism

Symptomatic VTE up to day 10 5 (0.3%) 

Nonfatal PE up to day 10 2 (0.1%) 0 (0.0%)

Fondaparinux
N=1,465
N (%) 

Dalteparin 
N=1,462
N (%) 

Agnelli G, et al. Br J Surg. 2005;92:1212-1220.

Fatal PE up to day 10 3 (0.2%) 3 (0.2%) 

Notes
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Fondaparinux Bleeding Incidence by 
Timing of First Postoperative Dose

Major bleeding is defined as fatal bleeding; bleeding that is retroperitoneal, intracranial, 
bleeding that involved any critical organ; overt bleeding with a bleeding index of 2 or more; 
or bleeding leading to intervention, from first injection to 2 days after the last injection. 

Patients receiving fondaparinux reported major bleeding in 2.4% (34/1425) of patients up to day 10.

Agnelli G, et al. Br J Surg. 2005; 92:1212-1220. Arixtra (fondaparinux) package insert; 
Research Triangle Park, NC: GlaxoSmithKline; 2005.
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APOLLO:
Efficacy and Safety Endpoints

Primary Efficacy Endpoint

• Incidence of VTE recorded up 
to day 10, determined by any 
of these VTE outcomes up to 
first venogram or day 10 
(whichever came first)

− Adjudicated mandatory 
venogram positive for 
DVT between day 5 and 
day 10

− Adjudicated symptomatic 
DVT/PE

Primary Safety Endpoint

• Major bleeding during the 
treatment period (first 
injection to 2 days after last 
injection)

• Major bleeding up to day 32

Turpie AGG, et al. ASH 2005;106. Abstract 279.

Notes
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Secondary Efficacy and Safety 
Endpoints

Secondary Efficacy Endpoint

• Incidence of any DVT, 
symptomatic VTE, any VTE, 
and all deaths up to day 10

• Incidence of adjudicated 
symptomatic VTE or VTE 
and all deaths recorded up to 
day 32

Secondary Safety Endpoint

• Minor bleeding during the 
treatment period and up to 
day 32

• All adjudicated (major and
minor) bleeding, adverse 
event, transfusion need and 
total blood units transfused, 
changes from baseline 
parameters and deaths

Turpie AGG, et al. ASH 2005;106. Abstract 279.
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Surgical Subtypes: Characteristics

168 (20%)79 (18.9%)89 (21%)Urological surgery

340 (40.4%)180 (43.1%)160 (37.7%)Cancer-related abdominal 
surgery

Total
N=842
n (%)

Placebo
N=418
n (%)

Fondaparinux
N=424
n (%)

106 (12.6%)54 (12.9%)52 (12.3%)Herniotomy

97 (11.5%)44 (10.5%)53 (12.5%)Cholecystectomy

75 (8.9%)34 (8.1%)41 (9.7%)Gynecological surgery

355 (42.2%)182 (43.5%)173 (40.8%)Colon/rectal surgery

Characteristic
n (%)

Data on file, GlaxoSmithKline.
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Incidence of DVT up to Day 10: 
Secondary Endpoints

Fondaparinux + IPC ± ES

Placebo + IPC ± ES
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4.1

1.7

0.2
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7/423 22/418 1/423 7/417 6/422 17/417

Any VTE Proximal DVT Distal DVT

P=0.004
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Turpie AGG, et al. ASH 2005;106. Abstract 279.
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VTE Prevention: Medical Patients

MEDENOX, 1999

• Age ≥40 years, 
expected hospital stay 
≥6 days

and

• CHF (NYHA III/IV)

• Acute respiratory 
illness

• Infection or bone/joint 
or inflamed bowel

• Plus 1 risk factor

PREVENT, 2003

• Age ≥40 years, 
expected hospital stay 
≥6 days

and

• CHF (NYHA III/IV)

• Acute respiratory 
failure

• Acute severe systemic 
disease

• Plus 1 risk factor

ARTEMIS, 2003

• Age ≥60 years, 
expected hospital stay 
≥4 days

and

• CHF (NYHA III/IV)

• Acute or chronic lung 
disease

• Acute infectious or 
inflammatory disease

• No other risk factor 
analysis required

Samama MM, et al. N Engl J Med. 1999;341:793-800; Ridker PM, et al. N Engl J Med.
2003;348:1425-1434; Cohen AT, et al. BMJ. 2006;332:325-329.

Notes
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Primary Efficacy and Safety 
Endpoints

MEDENOX, 1999

Efficacy

– Distal and proximal 
venographic DVT

+ Symptomatic VTE

+ Fatal PE

Safety

– Major bleeding

– Death at day 90

PREVENT, 2003

Efficacy

– Ultrasonographic 
proximal DVT

+ Symptomatic VTE

+ Fatal PE

Safety

– Major bleeding

– Death at day 90

ARTEMIS, 2003

Efficacy

– Distal and proximal 
venographic DVT

+ Symptomatic VTE

+ Fatal PE

Safety

– Major bleeding

– Death at day 30

Samama MM, et al. N Engl J Med. 1999;341:793-800; Ridker PM, et al. N Engl J Med.
2003;348:1425-1434; Cohen AT, et al. J Thromb Haemost. 2003;1(suppl 1):P2046.
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MEDENOX PREVENT ARTEMIS

• A similar 50% risk reduction in thrombotic risk

Enoxaparin  2.1%

Placebo 6.6%

Dalteparin 2.6%

Placebo 5.0%

Fondaparinux 1.5%

Placebo 3.4%

P=0.002 P=0.029P=0.037

Proximal DVT + Symptomatic VTE 
at Days 14-21

Samama MM, et al. N Engl J Med. 1999;341:793-800; Ridker PM, et al. N Engl J Med.
2003;348:1425-1434; Cohen AT, et al. J Thromb Haemost. 2003;1(suppl 1):P2046.
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Enoxaparin 0%

Placebo 0%

Dalteparin  0%

Placebo 0.1%

Fondaparinux  0%

Placebo 1.5%

P=0.029

• A very low risk of fatal PE while using prophylaxis
• A significant risk reduction in fatal PE with fondaparinux

MEDENOX PREVENT ARTEMIS

NSNS

Fatal PE at Days 14-21

Samama MM, et al. N Engl J Med. 1999;341:793-800; Ridker PM, et al. N Engl J Med.
2003;348:1425-1434; Cohen AT, et al. J Thromb Haemost. 2003;1(suppl 1):P2046.
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Enoxaparin 1.7%

Placebo 1.1%

Dalteparin 0.5%

Placebo 0.2%

Fondaparinux  0.2%

Placebo 0.2%

• A very low risk of clinically relevant bleeding with LMWHs 
and fondaparinux

MEDENOX PREVENT ARTEMIS

NSNSNS

Major Bleeding during Treatment

Samama MM, et al. N Engl J Med. 1999;341:793-800; Ridker PM, et al. N Engl J Med.
2003;348:1425-1434; Cohen AT, et al. J Thromb Haemost. 2003;1(suppl 1):P2046.
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Evidence: Medical Prophylaxis

• Enox=UFH PRIME
(n=959, equivalence)

• Enox=UFH PRINCE
(n=665, equivalence)

• Enox=UFH Hillbom et al.
(n=212, equivalence)

• Enox>UFH Harenberg et al. 
(n=877, superiority)

Lechler E, et al. Haemostasis. 1996;26(suppl 2):49-56; Kleber FX, et al.  Am Heart J.
2003;145:614-621; Harenberg J, et al. Blood. 1999;94(suppl 1). Abstract 1767; Hillbom M, et al. 
Blood. 1999;94(suppl 1). Abstract 798.

LMWH vs UFH q8h

Bleeding profile across trials more favorable for enoxaparin vs UFH

Moderate risk

High risk



Notes

Slide 35

19

ACCP VTE Prophylaxis 
Recommendations

1A
1A

LMWH
UFH 5000 U SC q8-12

Abdominal surgery 

1A
1C+
1C+

Fondaparinux 
LMWH
Warfarin INR 2-3

Hip fracture (extended)

1A
1A

LMWH
UFH 5000 U SC q8h

Higher risk general surgery

1ALMWHTrauma

1A
1C+
2B 

Fondaparinux 
LMWH 
Warfarin INR 2-3

Hip fracture

1A
1A 
1C+

LMWH
Warfarin INR 2-3
Fondaparinux

Total hip (extended)

1A
1A
1A

LMWH
Fondaparinux 
Warfarin INR 2-3

Total knee

1A
1A
1A

LMWH
Fondaparinux 
Warfarin INR 2-3

Total hip

1A
1A

LMWH
UFH 5000 U SC (q12h vs q8h?)

Medically ill

ACCP Grade of 
Recommendation*RecommendationIndication

*From the Seventh American College of Chest Physicians Conference on Antithrombotic and 
Thrombolytic Therapy: Evidence-based Guidelines; Geerts WH, et al. Chest. 2004;126:338S-400S.
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VTE Treatment
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VTE Treatment: Matisse DVT and 
PE Studies

• DVT – weight based (5 mg, 7.5 mg, 10 mg) 
fondaparinux compared to weight based 
enoxaparin (1 mg/kg bid) for at least 5 days with 
transition to VKA for treatment of patients with 
acute, symptomatic DVT 1

• PE – weight based (5 mg, 7.5 mg, 10 mg) 
fondaparinux compared to unfractionated heparin 
(bolus plus infusion) for at least 5 days with 
transition to VKA for treatment of patients with 
acute, symptomatic PE2

1. Büller HR, et al. Ann Intern Med. 2004;140:867-873.
2. The Matisse Investigators. N Engl J Med. 2003;349:1695-1702.
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Matisse Patient Outcomes

3.9

1.6

0.5

1.8

4.1

2.5

0.5

1.1

0

1

2

3

4

5

6
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Fondaparinux

Enoxaparin

Büller HR, et al. Ann Intern Med. 2004;140:867-873.
The Matisse Investigators. N Engl J Med. 2003;349:1695-1702.

Patients were also treated with a vitamin K antagonist within 72 hours after the first study 
drug administration; VTE was a composite of symptomatic, recurring, nonfatal VTE or 
fatal PE reported up to day 97

Absolute difference of -0.15 
(95% CI -1.8 to 1.5) for all VTE

3.8

1.1
1.5 1.3

5.0

1.5 1.4

2.2
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All VTE DVT only Fatal PE Nonfatal PE

%
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Fondaparinux

UFH (n=1110)

Absolute difference of -1.2 
(95% CI -3.0 to 0.5) for all VTE 

Deep Vein Thrombosis Pulmonary Embolism
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Matisse Bleed Rates

Bleeding during initial treatment is shown.
NS, not significant.
Büller HR, et al. Ann Intern Med. 2004;140:867-873; The Matisse Investigators. N Engl J 
Med. 2003;349:1695-1702.
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bleeding
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Fondaparinux

UFH (n=1092)

NS*

*

Deep Vein Thrombosis Pulmonary Embolism

*-1.8 (95% CI -3.7 to 0.1)
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Choice of Agent for Therapeutic 
Anticoagulation

 UFH LMWH Warfarin Fondaparinux 

Monitoring aPTT 
Platelets 

Platelets INR Not required 

Reversibility Protamine Protamine ? Vitamin K analogs Factor VIIa ?? 

Clearance Mixed Renal Hepatic Renal 

Drug 
interactions 

No No Many No 

Dosing 2-3 /day 1-2 /day 1 /day 1 /day 

Cost $ $$ $$$(+monitoring) $$ 

Variable 
response  

YES Relative low YES NO 
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Complications of Anticoagulation 

• Anticoagulation therapy is not entirely benign!

− Bleeding

− Heparin-induced thrombocytopenia 

− Osteoporosis

− Hypersensitivity reactions

− Alopecia

− Hypoaldosteronism

Freedman MD. J Clin Pharmacol. 1992;32:584-596.
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Advances in Anticoagulation:
A Clinical Update 
for the Pharmacist 

(Part 2)

Presented by:

Maureen A. Smythe, PharmD
Department of Pharmaceutical Services

William Beaumont Hospital
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Professor of Pharmacy Practice
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of Heparin-induced 
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Objectives

• Discuss new insights into the clinical presentation 
of HIT

• Compare and contrast clinical trial data of 
lepirudin versus argatroban for HIT

• Discuss potential new therapies on the horizon for 
HIT 

• Outline key recommendations from the new ACCP 
consensus guidelines for the management of HIT

Notes

Slide 2

Self-assessment Questions

• Can you develop HIT with thrombotic 
consequence from only low-dose SC heparin?  
Have you seen it?

• Would you recognize HIT? If so, how?
• An HIT patient on argatroban has an INR of 6.0 
and an aPTT of 60 seconds; should the infusion 
be held?

• How often do your patients with a documented 
new diagnosis of HIT have heparin listed as an 
allergy in the medical record?
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Heparin-induced 
Thrombocytopenia

• HIT considered a clinicopathologic syndrome
• Seroconversion without TCY is not HIT
• Transient, acquired hypercoagulability syndrome
• Diagnosis of HIT is made when HIT antibody is 
present along with
− Otherwise unexplained fall in platelet count 
of ≥ 50%

− Skin lesions at heparin injection sites
− Acute systemic reactions

TCY, thrombocytopenia.
Warkentin TE, Greinacher A. Chest. 2004;126:311S-337S.

Notes
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Warkentin TE, Greinacher A, eds. Heparin-Induced Thrombocytopenia. 2nd ed. New 
York, NY: Marcel Dekker, Inc; 2001; Warkentin TE, Kelton JG. N Engl J Med.
2001;344:1286-1292; Warkentin TE, Kelton JG. Ann Intern Med. 2001;135:502-506.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 21 40
Days

Rapid-onset HIT
(previous heparin exposure)

Heparin exposure

Typical-onset HIT
(within 4 to 14 days)

Delayed-onset HIT (average of 9 
days after heparin is stopped)

Types of HIT
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Risk of HIT

• Product/route
− Bovine heparin > porcine heparin
− Chain length, amount of sulfation per saccharide unit
− Route of administration  

• Numerous cases reported with only heparin flush
• IV treatment doses of heparin > SC prophylactic doses

• Patient population
− Surgical > medical
− Low incidence in ICU
− Prior heparin exposure

Warkentin TE, Greinacher A. Chest. 2004;126:311S-337S; Smythe MA, et al. J
Thromb Haemost. 2005;3(suppl 1):P1143; Warkentin TE, Cook DJ. Crit Care Clin.
2005;21:513-529; Kelton JG. Chest. 2005.127;2:9S-20S. Prandoni P, et al. Blood.
2005;106:3049-3054; Davoren A, Aster RH. Am J Hematol. 2006;81:36-44.

Notes
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Risk of HIT by Patient
Population and Product

Warkentin TE. Chest. 2005;127:35S-45S; Prandoni P, et al. Blood. 2005;106:3049-3054.

?
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HIT: Unusual Presentation

• Heparin-induced skin lesions at injection sites

• Acute anaphylactoid reactions                   

• Warfarin-associated venous limb gangrene

• Classic warfarin-induced central skin necrosis

• Adrenal hemorrhagic infarct

Warkentin TE, et al. Chest. 2005;127:1857-1861.

25%

Notes
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Depiction of Heparin-induced 
Epitopes on PF4

PF4

Heparin

+

+++ +
+
+
+

+ +
++
+
++

+
+ +

-
- - - -

- - - -
-

-
-- -
-

-

-
-

- - - -

-

-
-

Adapted from Davoren A, Aster RH. Am J Hematol. 2006;81:36-44. 

Neoepitopes
HIT antibodies
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Pathophysiology

Adapted from Aster RH. N Engl J Med. 1995;332:1374-1376.

Formation of 
PF4-heparin 
complexes

IgG antibody

Formation of 
immune complexes
(PF4-heparin-IgG)

EC injury

PF4 
release

Platelet
activation*

Microparticle
release

Fc receptor

Platelet

ECs in vessel wall

Heparin-like
molecules

Blood vessel

PF4 Heparin

Notes
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Platelet Activation of  HIT

Kelton JG. Chest. 2005;127:9S-20S.
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Thrombosis of HIT

• Venous > than arterial

• Rate in isolated HIT: 23%-52%

• Risk ↑ as platelet count ↓
• 15% of events occur with platelet counts >150,000

• Multiple TEC is common 

• Screen for thrombosis in isolated HIT patients

• May not be preceded by thrombocytopenia!

TEC, thromboembolic complication.
Greinacher A. Thromb Hemost. 2005;94:132-135; Greinacher A, Warkentin TE. Thromb
Res. 2006;118:165-176; Warkentin TE, Greinacher A. Chest. 2004;126:311S-337S 

Notes
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Onset of Platelet Count Decrease 
and TEC 

2.4 2.4 1.9
3.8 3.8 4.3

12

26.3

8.6

4.8
6.7

1.9 1.9 1.9
3.8
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25

30

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
Day of TEC = day 0

% of patients with
platelet count decrease before TEC

% of patients with
platelet count decrease after TEC

TEC, thromboembolic complication.
Greinacher A. Thromb Hemost. 2005;94:132-135.
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Laboratory Monitoring

False positivesPoor-moderateHighELISA

Antigen assay

Moderate-highModerate Citrated platelet-
rich plasma

HighModerate-highWashed platelets

Results vary widelyHIPA

Technically difficultHighModerate-highSRA

Functional assays

WeaknessesSpecificitySensitivity

SRA, serotonin-release assay; HIPA, heparin-induced platelet activation;
ELISA, enzyme-linked immunosorbent assay.
Warkentin TE. Drug Saf. 1997;17:325-341; Chong BH, et al. Br J Haematol. 1995;89:431-439; 
Warkentin TE, Greinacher A, eds. Heparin-Induced Thrombocytopenia. 2nd ed. New York, NY: 
Marcel Dekker, Inc; 2001; Warkentin TE, et al. Thromb Haemost. 1998;79:1-7. 
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Scope of the Problem

• 12 million patients receive heparin each year

• HIT occurs in 1%-5% of patients receiving unfractionated 
heparin

• HIT results in significant ↑ in hospital cost and length of 
stay

Levin RL. Chest. 2005;127:1488-1490; Koerber JM, et al. J Thromb Haemost. 2005;3(suppl 
1):P1144; Smythe MA, et al. Blood. 2005;106(11):875a. Abstract 3127.

150,000 thromboembolic
complications

60,000 deaths

300,000 patients per year
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Case Presentation

• 68 yo male s/p falls on right 
hip, to OR on 9/2/04 

• Heparin 5000 units SC preop x 
1 then 3500 units q 8 h with 
daily warfarin 

• 9/11/04 bilateral DVTs, IV 
heparin started

• 9/12/04 chest pain & ↓ 02 sat: 
PE diagnosed

• 9/13 HIT suspected, 
argatroban started

• HPF4 antibody 0.97
• Warfarin restarted 9/14/04 and 
overlapped x 5 days

1669/14/042029/6/04

1449/14/042409/5/04

799/13/041699/4/04

899/12/041859/3/04

959/8/042239/2/04

1509/7/042018/30/04

Plat 
countDate 

Plat 
countDate

Should HIT have been suspected earlier?

Notes
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Direct Thrombin Inhibitor 
Comparison

BivalirudinLepirudinArgatroban

NoneNoneNoneAntidote

Partially reversibleIrreversibleReversibleThrombin binding*

aPTT, ACTaPTTaPTT, ACTMonitoring needed

20% RenalRenal HepaticElimination

25-36 min0.8-1.7 hours39-51 min
Half-life in healthy 
subjects

Semisynthetic 
hirulog

Recombinant 
hirudin

Synthetic 
L-arginine 
derivative

*Based on in vitro data.
aPTT, activated partial thromboplastin time; ACT, activated clotting time.
Adapted from Chen L. Heart Dis. 2000;3:189-198; Warkentin TE, Greinacher A, eds. Heparin-
Induced Thrombocytopenia. 3rd ed. New York, NY: Marcel Dekker, Inc; 2004. 339,441,479.
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Outcomes assessed at day 35, from start of treatment

TEC, thromboembolic complications.
Lubenow N, et al. J Thromb Haemost. 2005;3:2428-2436.

Lepirudin Clinical Trial Results:
Summary HAT-1, HAT-2, HAT-3

53.1%<0.000143.3%20.3%Combined

17.9%0.6186.7%5.5%Limb amputation

70.4%<0.000125.0%7.4%New TECs

33.1%0.09517.5%11.7%Death

P-value
Risk 

reduction

Historical 
control
n=120

Lepirudin
n=403Endpoint

Notes
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Price of Waiting for Lab 
Confirmation

The width of the bars indicates the mean duration (d) of observation period per patient in days.

Period relative to onset of lepirudin

Before
(n=381)
(d=1.3)

A
ve
ra
g
e
ev
en

t
ra
te

p
er

d
ay

0.10

0.00

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

During
(n=381)
(d=15.0)

After
(n=345)
(d=12.0)

0.051

0.004 0.002

Lepirudin Rate of Events per Day by Study Interval

Lubenow N, et al. J Thromb Haemost. 2005;3:2428-2436.
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Lepirudin Dosing 
Recommendations

• See package insert for FDA-approved dosing guidelines

• Recent data recommend a lower initial continuous infusion 
rate of 0.1 mg/kg/h

• Withhold the bolus unless life-threatening thrombosis is 
present (if present, bolus with 0.4 mg/kg)* 

*Bolus and infusion rates must be reduced in patients with
known or suspected renal insufficiency.

Refludan prescribing information. Montville, NJ: Berlex Laboratories Inc., 2004;
Greinacher A, Warkentin TE. Thromb Res. 2006;118:165-176; Lubenow N, et al. J
Thromb Haemost. 2005;3:2428-2436.

The mean lepirudin dose in 
HAT-3 was 0.11 mg/kg/h; 30% lower than 

the initial starting dose

Notes
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Lepirudin: Relationship of Renal 
Function with Major Bleeding

Creatinine value (mg/dL)
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Based on Data from HAT-1, HAT-2, and HAT-3 Study Subjects

Adapted from Lubenow N, et al. J Thromb Haemost. 2005;3:2428-2436.
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Argatroban Clinical Trials: 
ARG 911, ARG 915

• Prospective, multicenter, open-label historically 
controlled trials

• Patients assigned to either HIT study arm (isolated HIT) 
or HITTS

• Inclusion criteria 

− Platelet count <100x109/L

− 50% ↓ after heparin initiation without alternate 
explanation

− History of HIT (ARG 911)

• HIT antibody confirmation not required 
HITTS, Heparin-induced thrombocytopenia-thrombosis syndrome. 
Lewis BE, et al. Circulation. 2001;103:1838-1843; Lewis BE, et al. Arch Intern Med.
2003;163:1849-1856.
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Argatroban Clinical Trials Design:
ARG 911, ARG 915

 

Argatroban:
HIT 

HITTS 

Control patients:
HIT

HITTS 

Argatroban infusion
2 µg/kg/min*

Goal  aPTT 1.5 – 3 x baseline

Primary endpoint†:
composite of all cause death,

all cause amputation,
new thrombosis

Numerous
secondary endpoints‡

*Lower initial starting doses in ARG 915 if medical condition warranted; †Assessed through 
day 37; ‡Individual components of primary endpoint, death from thrombosis, any new 
thrombosis, adequate anticoagulation and resolution of thrombocytopenia.
Lewis BE, et al. Circulation. 2001;103:1838-1843; Lewis BE, et al. Arch Intern Med.
2003;163:1849-1856.
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*Composite endpoint defined as incidence of death, limb amputation, or development of new 
thrombosis; †P<0.05 vs historical controls.
Lewis BE, et al. Circulation. 2001;103:1838-1843; Lewis BE, et al. Arch Intern Med.
2003;163:1849-1856.

Argatroban Efficacy:
ARG 911, ARG 915
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Secondary Efficacy Endpoints:
ARG-911

4.8

22.4

15.2

34.8

0.0*

8.1*

0.7*

19.4*
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Death caused by
thrombosis

Any new
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Any new
thrombosis

Control: HIT, n=147; HITTS, n=46

Argatroban: HIT, n=160; HITTS, n=144

HIT HITTS

P
er
ce
n
t
o
f
p
at
ie
n
ts

*P<0.05.
Lewis BE, et al. Circulation. 2001;103:1838-1843.
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Effect of Argatroban Dose and 
ISI on INR

ISI, International Sensitivity Index; INR; international normalized ratio.
Seth SB, et al. Thromb Haemost. 2001;85:435-440.

10
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0
0 1 2 3 4 5

INR warfarin monotherapy

IN
R
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2 / 2.13
2 / 1.31
2 / 1.31

2 / 0.88
1 / 1.78
1 / 0.88

Argatroban
(µg/kg/min) / ISI
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Argatroban Dosing and 
Monitoring for HIT

• Initial infusion: 2 µg/kg/min
• Target aPTT 1.5-3 x baseline, monitor aPTT at least 
once daily to be therapeutic 

• Median dose in ARG 911: 1.6 µg/kg/min, median 
incremental dose adjustment: 0.5 µg/kg/min

• ICU patients and those with hepatic impairment 
require lower initial dosing

• Pediatric patients (1 week to 16 years): doses range 
from 0.1-12 µg/kg/min

Verme-Gibboney CN, Hursting MJ. Ann Pharmacother. 2003; 37:970-975; Reichert MG, 
et al. Ann Pharmacother. 2003;37:652-654; Williamson DR, et al. Pharmacotherapy.
2004;24: 409-414; Hursting MJ et al. J Pediatr Oncol. 2006; 28:4-10. 
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0.93*5.7AARG 915

1.26.9AARG 911

1.9519.5LHAT-3

1.517LHAT-2

0.9313LHAT-1

Rate (%/day)Rate (%)DrugStudy

Lepirudin vs Argatroban:
Major Bleeding Rate Comparison

*Based upon estimated duration of treatment of 6.1 days.
Lewis BE, et al. Arch Intern Med. 2003;163:1849-1856; Lewis BE, et al. Circulation.
2001;103:1838-1843; Greinacher A, et al. Circulation. 1999;99:73-80; Greinacher A, et al. 
Circulation. 1999;100:587-593; Lubenow N, et al. J Thromb Haemost. 2005;3:2428-2436.
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DTI Dosing in Organ Failure

• Argatroban

− Cardiothoracic ICU patients

• 0.15-1.3 µg/kg/min1

− ICU with liver dysfunction on CRRT

• 0.1-1.7 µg/kg/min2,3

− Renal function should be considered when selecting 
argatroban dose4

• Lepirudin

− MODS: 0.001-0.024 mg/kg/h5

MODS, Multiple Organ Dysfunction Syndrome. 
1. Reichert MG, et al. Ann Pharmacother. 2003;37:652-654; 2. Williamson DR, et  al. 
Pharmacotherapy. 2004;24: 409-414; 3. Reddy BV, et al. Ann Pharmacother.
2005;39:1601-1605; 4. Arpino PA, Hallisey RK. Ann Pharmacother. 2004;38:25-29;  
5. Wester JPJ, et al. Thromb Hemost. 2003;1( suppl 1):P1907. 
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1. Berilgen JE, et al. Blood. 2003;102. Abstract 1969; 2. Francis J, et al. J Thromb 
Haemost. 2003;1(suppl 1):P1909; 3. Kiser T et al. Pharmacother. 2006;26:452-460.

Bivalirudin in HIT 
(Off-Label Use)

• Doses reported for attainment of therapeutic aPTT

− 0.1-0.2 mg/kg/h1,2

− 0.03-0.05 mg/kg/h in patients with renal and 
hepatic dysfunction3

Notes
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Fondaparinux for HIT 

• Off label

• No clinical cases of HIT reported

• Induces anti-PF4/heparin antibodies (1.5%-2.8%)

• Antibodies do not bind PF4/fondaparinux complex

• Heparin or LMWH exposure after fondaparinux 
could result in HIT if anti-PF4 heparin antibodies 
were formed with fondaparinux

Warkentin TE, et al. Blood. 2005;106:379-3796.
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Fondaparinux for HIT (cont.)

• Hematologica. 2003;88:ECR 32

• J Thromb Haemost. 2003;1(suppl 1):P2040

• J Thromb Haemost. 2003;1:2452-2453

• Hematologica. 2004;89:1017-1018

• Thromb Hemost. 2005;93:999-1000

• Hematology. 2005;10:271-275

• Nephrol Dial Transplant. 2005;20:444-446

Notes
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Fondaparinux for HIT (cont.)

• 20 new HIT patients 

• Initial dose 2.5 mg fondaparinux in 18 patients

• Platelet count recovery in 3.7 days

• No thrombotic complications

• Prospective trial ongoing

Bradner J, et al. Blood. 2004;104. Abstract 1775.

10 patients initial treatment 

10 patients post-DTI treatment
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ACCP Recommendations: 
HIT Treatment

• Strongly suspected (or confirmed) HIT regardless of the 
presence of thrombosis 

− Lepirudin, 1C+

− Argatroban, 1C

− Bivalirudin,  2C

− Danaparoid, 1B

• Strongly suspected (or confirmed) HIT whether or not there 
is clinical evidence of lower-limb DVT

− Routine ultrasound of the lower-limb veins, 1C

Adapted from Warkentin TE, Greinacher A. Chest. 2004;126:311S-337S.
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ACCP Recommendations:
HIT Treatment (cont.)

• If HIT is strongly suspected or confirmed

− Recommend against use of VKA until platelet count is 
at least 100,000 and preferably 150,000

− Only administer VKA during overlapping alternate 
anticoagulation (minimum 5 days)

− Begin VKA with low maintenance doses

− Do not stop alternate anticoagulant therapy until the 
platelet count has reached a stable plateau and with at 
least 2 days with INR within target range

Warkentin TE, Greinacher A. Chest. 2004;126:311S-337S.
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Conclusions

• The approach to clinical recognition of HIT should be 
broadened beyond thrombocytopenia

• Direct thrombin inhibitor therapy significantly ↓ new
thromboembolic complications in HIT

• Key recommendations from ACCP guidelines

− Ultrasound screening for DVT in isolated HIT

− Anticoagulate to at least platelet count recovery in 
isolated HIT

− Do not start warfarin therapy until platelet count 
recovers



Notes
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Part 2 Quiz

6. Among people who develop VTE for the first time,
________________ manifest as DVT alone.
a. One quarter
b. One third
c. Two thirds
d. Three quarters

7. If left untreated, what percentage of proximal VTE
(femoral, popliteal, or iliac) embolizes to the lungs?
a. ~25%
b. ~42%
c. ~50%
d. ~60%

8. Risk factors for DVT include a deficiency of ____________.
a. Antithrombin III
b. Protein C
c. Protein S
d. All of the above

9. Which of the following is not a clinical presentation of
DVT?
a. Hypotension
b. Erythema
c. Pain
d. Swelling

10. In primary pharmacologic prevention of VTE, the use of
aspirin is highly controversial.
a. True
b. False

To receive credit, record your answers to this quiz on the following page and complete the form in its entirety
(front and back).

1. To what extent did the activity meet or exceed your expectations?

2. How current and relevant was the topic for your professional needs?

3. To what extent were your professional knowledge and skills updated?

4. Will your practice of medicine change as a result of participating in this activity?
What changes will you make?

5. How logically integrated and valuable were the audiovisuals and supplementary handouts as learning aids?

6. How successful were the presentations in achieving fair balance?

7. How knowledgeable were the speakers?

8. How interested are you in seeing other activities on this topic?

9. To what degree was the activity objective, balanced, and scientifically rigorous?

To what extent did Mr. Hallisey and Dr. Smythe prepare you to do the following:

10. Cite the epidemiology, risk factors, and clinical presentation of deep vein thrombosis (DVT) and pulmonary embolism (PE).

11. Identify current treatment options for the management of DVT and PE, and differentiate their potential benefits and limitations. 

12. Describe new insights into the clinical presentation of heparin-induced thrombocytopenia (HIT) and key recommendations for its management.

13. Compare and contrast clinical trial data on HIT treatment agents and identify new therapies on the horizon.

14. Please provide detailed comments and suggestions for future activities.

SECTION A

SECTION B

Part 1 Quiz

1. Delayed-onset HIT occurs ________________.
a. An average of 5 days after heparin is stopped
b. An average of 9 days after heparin is stopped
c. An average of 11 days after heparin is stopped
d. An average of 14 days after heparin is stopped

2. Warfarin-associated venous limb gangrene is a common 
presentation of HIT.
a. True
b. False

3. With thrombosis of HIT, 15% of events occur with platelet
counts ________.
a. >50,000
b. >75,000
c. >100,000
d. >150,000

4. Which of the following statements is true regarding citrated
platelet-rich plasma assays?
a. Moderate sensitivity, moderate-high specificity
b. High sensitivity, low specificity
c. Low sensitivity, moderate-high specificity
d. Moderate-high sensitivity, low specificity

5. The half-life of argatroban in healthy subjects is
_____________.
a. 15-30 minutes
b. 31-47 minutes
c. 39-51 minutes
d. 60-90 minutes
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1. 6.

2. 7.

3. 8.

4. 9.

5. 10.

Please complete the front and back of this form.

Not At All Rarely Moderately Mostly Completely

1. 1 2 3 4 5

2. 1 2 3 4 5

3. 1 2 3 4 5

4. 1 2 3 4 5

5. 1 2 3 4 5

6. 1 2 3 4 5

7. 1 2 3 4 5

8. 1 2 3 4 5

9. 1 2 3 4 5

10. 1 2 3 4 5

11. 1 2 3 4 5

12. 1 2 3 4 5

13. 1 2 3 4 5

14.
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