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Why do clots matter?

Image from Stubbs et al BMJ 2018Image from Wikipedia
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Why do clots matter?

Lazo-Langner A, et al. Res Pract Thromb Haemost 2018

• Venous thromboembolism
– Third vascular cause of mortality

– 200,000 cases per year in Canada

– 60,000 hospitalizations

Why do clots matter?
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Why do clots matter?

Clots kill people

AMI 215,000

Pulmonary Embolism 200,000

Accidents 97,835

Highway Fatalities 41,800

Breast Cancer 40,200

AIDS 13,426

2002 AHA Heart and Stroke Update.
Heit J, et al. Blood. 2005;106. 

Anderson FA Jr, et al. Am J Hematol. 2007;82.

Causes of Death in U.S. Deaths/Yr

Total    
< PE

Clots kill people
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< PE

Studies in the US
7% treated unsuccessfully, 34% 
sudden and fatal, and 59% undetected
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Clots are frequent

• Incidence in Ontario
– VTE 125 per 100,000 PY (95% 

CI 123 to 127)

– DVT 97 per 100,000 PY (95% 
CI 96 to 99)

– PE 36 per 100,000 PY (95% CI 
35 to 37)

Lazo-Langner A, et al. Res Pract Thromb Haemost 2018

Does race matter?
• Systematic review 
• VTE incidence per 100,000 PY 

• 162 and 439 in Caucasians
• 143 and 746 in Africans
• 3.2 and 16.6 in Asians
• 13.9 and 94 in Hispanics

– Hospital incidence of VTE per 100,000 PY 
• 21 and 131 in Caucasians
• 22 and 155 in Africans
• 2 and 26 in Asians
• 33.1 and 71 in American Indians/Alaskan Indians
• 9 in Hispanics. 

Al-Ani et al. Blood 2015

Yes, race does matter
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Ethnicity distribution

Results ‐ Population Characteristics
White 
16%

Black 
9%

Latin American 
7%

Arab 
8%

East Asian 
25%

South Asian 
29%

West Asian 
6%

Results – Incidence rates (per 1,000 PY)

M 1.30 (1.22‐ 1.39)
F 1.72 (1.63‐1.82)

M 0.91 (0.80‐1.05)
F 1.38 (1.25‐1.53)

M 0.96 (0.86‐1.07)
F 1.71 (1.59‐1.85)

M 0.76 (0.67‐0.87)
F 1.04 (0.93‐1.17)

M 0.73 (0.63‐0.85)
F 1.06 (0.94‐1.19)

M 0.56 (0.52‐0.61)
F 0.79 (0.74‐0.84)

M 0.38 (0.34‐0.42)
F 0.45 (0.41‐0.49)
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• Increasing incidence of VTE
• Korea
• Japan
• China
• Singapore
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In summary…

• Overall VTE is frequent worldwide

• High mortality

• Incidence of VTE in Asia is lower 

– Higher incidence in elderly

• Incidence is raising

Agenda 

• Why do clots matter?
– Overview of VTE

• What is the incidence of VTE in stroke patients? 
– Epidemiology of VTE after stroke

• How do we prevent VTE in stroke patients?
– Is anticoagulant prophylaxis effective?

– Is anticoagulant prophylaxis safe?

VTE in stroke
Study No. of pts. % DVT % PE % Fatal PE

Warlow 1972 30 60 13 25

Denham 1973 47 46.8 --- ---

Warlow 1976 a 76 53 15.8 71

Warlow 1976 b 15 53 --- ---

Gibberd 1976 26 50 3.8 0

McCarthy 1977 16 75 --- ---

Miyamoto 1980 141 29 0 (Tx.) 0

Bounds 1981 100 --- 13 ---

McCarthy 1986 161 72.2 19.8 100

Turpie 1987 25 28 8 0

Bornstein 1988 49 22.5 2 0

Scmidt 1988 1538 --- 7.1 (13.6/5.2) ---

Landi 1992 70 28.6 11.4 40

Hamilton et al. Neurosurgery 1994.
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VTE in stroke
• CAST

– 21,106 pts.
– 4 weeks of ASA
– Death, dependence, recurrence
– Clinical diagnosis

• IST
– 19,435 pts.
– 3 x 2 factorial
– UFH (Hi‐Low‐No) ASA
– Death @ 14 d, death or 

dependency @ 6 mo

Aspirin

N (%)

Placebo

N (%)

Total PE 12 (0.1) 20 (0.2)

Fatal PE 5 (0.1) 10 (0.1)

Heparin

N (%)

No Heparin

N (%)

Total PE 53 (0.5) 81 (0.8)

Fatal PE 36 (0.4) 39 (0.4)

CAST Collaborative Group. Lancet 1997.
International Stroke Trial Collaborative Group. Lancet 1997.
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Outcomes 
at 4 weeks!

Outcomes 
at 2 weeks!

• National Hospital Discharge Survey

• 1979‐2003

• Ischemic stroke >14,000,000 patients

• Hemorrhagic stroke >1,600,000 patients
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• National Hospital Discharge Survey

• 1979‐2003

• Ischemic stroke >14,000,000 patients

• Hemorrhagic stroke >1,600,000 patients
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Outcomes at hospital discharge
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• Prospective cohort
– June 2007 – December 2008

– King Chulalongkorn Memorial Hospital

– No prophylaxis

7126 patients
VTE 

All patients : 0.59%
Stroke patients: 0.4%

The risk does not end at discharge

• 74% of VTEs present in outpatients
• 23% of outpatient VTE patients have had recent surgery; 37% recently 

hospitalized
• Only 43% had received VTE prophylaxis

Spencer FA, et al. Arch Intern Med. 2007;167:1471-1475

In summary…

• VTE risk after stroke is high
– HR 10‐20 during the first 3 months

– Confirmed in multiple settings
• Europe

• Americas

• Asia
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Agenda 

• Why do clots matter?
– Overview of VTE

• What is the incidence of VTE in stroke patients? 
– Epidemiology of VTE after stroke

• How do we prevent VTE in stroke patients?
– Is anticoagulant prophylaxis effective?

– Is anticoagulant prophylaxis safe?

Many patients are at risk

• Annual number at risk for VTE:

– US hospitals:

• 7.7 million medical service inpatients

• 4.3 million surgical service inpatients

• 2/3 of VTE cases and deaths are hospital‐acquired

1. Heit J, et al. Blood. 2005;106:Abstract 910.
2. Anderson FA Jr, et al. Am J Hematol. 2007;82:777-782.

Independent risk factors for 1st lifetime 
VTE – Olmstead County
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Independent risk factors for 1st lifetime 
VTE – Olmstead County

Better Prevention = Fewer Post‐Operative PE

Cohen et al. Haemostasis 1996; 26:65‐71
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Post Operative Fatal PE

Prophylaxis in hospitalized patients

% Ca. patients
Proximal DVT

Symptomatic VTE

RR

95% CI

MEDENOX 12.4%

Enoxaparin 2.1%

Placebo 6.6%

P=0.037

0.37

0.22 – 0.63

PREVENT 5.1%

Dalteparin 2.6%

Placebo 5.0%

P=0.002

0.55

0.38 – 0.8

ARTEMIS 15.4%

Fondaparinux 1.5%

Placebo 3.4%

P=0.085

0.47

0.08 – 0.69
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Thrombosis Risk Bleeding risk Recommendation Grade 

Low  Low  No prophylaxis (pharmacological or 
mechanical )

1B

High  Low  LMWH, LDUH (bid OR tid), 
Fondaparinux

1B

Any High Mechanical prophylaxis  2B 
2C

Padua 
prediction

model
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Padua 
prediction

model

Very low (0-1 point), low (2 points), moderate (3-4 points), or high (  5 points)

Very low (0-1 point), low (2 points), moderate (3-4 points), or high (  5 points)

55

56

57



5/18/2019

20

Caprini Score in Practice

• Validated at U Michigan in 8216 surgery pts

• VTE risk increased with score, p<0.01

• But most patients qualify for drugs

• Compliance poor
Risk Level % VTE Risk % Rec Proph. Actual Proph. % Compliance %

Highest 52.1 1.94 Drug+IPC 32 27

High 36.5 0.97 Drug 25 25

Moderate 10.4 0.70 Drug or IPC 15 79

Low 0.9 0.00 Ambulate 8 100
Bahl, Ann Surg 2010

Are the risk factors the same?

• Risk stratification

– Similar risk factors in Asian and Western patients

Salient points
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J Atheroscler Thromb 2014

J Atheroscler Thromb 2014
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Prophylaxis 
• Mechanical

– GCS, IPC, VFP

• Pharmacological

– UFH

– LMWH

– Fondaparinux

– Warfarin

– DOACs ????

VTE Events

Bleeding?
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Burgess et al. J Thromb Haemost 2013

Burgess et al. J Thromb Haemost 2013

Burgess et al. J Thromb Haemost 2013

92%

10% 29%

1%
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• VTE‐BLEED

• Kuijer

• Riete

• EINSTEIN

• Hokusai

• ACCP

Van es et al. Thromb Res 2017.

Van es et al. Thromb Res 2017.

Advanced age
Anemia

History of bleeding
Abnormal renal function

Van es et al. Thromb Res 2017.
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Agenda 

• Why do clots matter?
– Overview of VTE

• What is the incidence of VTE in stroke patients? 
– Epidemiology of VTE after stroke

• How do we prevent VTE in stroke patients?
– Is anticoagulant prophylaxis effective?

– Is anticoagulant prophylaxis safe?

• A general assessment of VTE and bleeding risk is recommended 
prior to initiation of VTE prophylaxis in ischemic and hemorrhagic 
stroke patients 

• We recommend against the use of GCS in both ischemic and 
hemorrhagic stroke patients

• VTE prophylaxis options for ischemic stroke patients are IPC use or 
pharmacological regimens with SC LMWH 

• IPC is recommended for hemorrhagic stroke patients.

VTE prophylaxis in stroke

• McCarthy 1977
– UFH

• McCarthy 1986
– Unblinded RCT
– 305 pts.
– UFH 5000 tid x 14 d
– PE reduction: 20%  5%
– DVT reduction: 73%  22%
– 3 mo. Mortality reduction: 33% 

21%

• TOAST Investigators 1998
– Double blinded RCT
– 1281 pts.
– IV Danaparoid vs placebo
– DVT: 0.3% vs 1.6%
– PE: 0.3% vs 0.6%

Coull et al. Stroke 2002.
TOAST Investigators. JAMA 1998.
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VTE prophylaxis in stroke
• CAST

– 21,106 pts.
– 4 weeks of ASA
– Death, dependence, recurrence
– Clinical diagnosis

• IST
– 19,435 pts.
– 3 x 2 factorial
– UFH (Hi‐Low‐No) ASA
– Death @ 14 d, death or 

dependency @ 6 mo

Aspirin

N (%)

Placebo

N (%)

Total PE 12 (0.1) 20 (0.2)

Fatal PE 5 (0.1) 10 (0.1)

Heparin

N (%)

No Heparin

N (%)

Total PE 53 (0.5) 81 (0.8)

Fatal PE 36 (0.4) 39 (0.4)

CAST Collaborative Group. Lancet 1997.
International Stroke Trial Collaborative Group. Lancet 1997.

Not significant

VTE prophylaxis in stroke
• CAST

– 21,106 pts.
– 4 weeks of ASA
– Death, dependence, recurrence
– Clinical diagnosis

• IST
– 19,435 pts.
– 3 x 2 factorial
– UFH (Hi‐Low‐No) ASA
– Death @ 14 d, death or 

dependency @ 6 mo

Aspirin

N (%)

Placebo

N (%)

Total PE 12 (0.1) 20 (0.2)

Fatal PE 5 (0.1) 10 (0.1)

Heparin

N (%)

No Heparin

N (%)

Total PE 53 (0.5) 81 (0.8)

Fatal PE 36 (0.4) 39 (0.4)

CAST Collaborative Group. Lancet 1997.
International Stroke Trial Collaborative Group. Lancet 1997.

P=0.02

• Randomized controlled trial

• 1762 patients
– Enoxaparin 40 mg daily

– UFH 5000 SC BID
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Efficacy

Efficacy

• 9 trials  3137 participants

• UFH or heparinoids (danaparoid)
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Deep
Vein

Thrombosis 

Agenda 

• Why do clots matter?
– Overview of VTE

• What is the incidence of VTE in stroke patients? 
– Epidemiology of VTE after stroke

• How do we prevent VTE in stroke patients?
– Is anticoagulant prophylaxis effective?

– Is anticoagulant prophylaxis safe?

Hemorrhage in stroke

• UFH
– IST

• Hemorrhagic stroke: 1.2% vs. 0.4% (UFH vs. no UFH)

• Fatal or transfusion: 1.3% vs. 0.4% (UFH vs. no UFH)

• Medium vs low dose UFH
– Hemorrhagic strokes 1.8 vs 0.7%

• Low dose vs no UFH
– Transfused or fatal extracranial 0.6 vs 0.4%

International Stroke Trial Collaborative Group. Lancet 1997.
Coull et al. Stroke 2002.

25% of patients UFH 
12,500 U SC CID
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• 9 trials  3137 participants

• UFH or heparinoids (danaparoid)

Extracranial
Hemorrhage 
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Hemorrhage in stroke

• Risk factors
– Leukoaraiosis HR 2.7 (95% CI 1.4, 5.3)

– Age > 65 y HR 1.9 (95% CI 1.0, 3.4)

– Intensity of anticoagulation (warfarin)

– Hypertension 

– Congophilic angiopathy

Gorter. Neurology 1999.

Relative contraindications to 
prophylaxis

• Recent CNS bleed
• Intracranial or spinal lesion at high risk for bleeding
• Active bleeding
• Chronic clinically significant bleeding
• Platelet count <50,000, platelet dysfunction
• Recent major operation at risk for bleeding
• Underlying coagulopathy
• Spinal anesthesia / LP
• High fall risk

SO, CAN WE USE OTHER STRATEGIES?

88
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TED stockings DON’T work !

Clots in Legs Or sTockings after Stroke

• RCT
– Stroke admission

– Thigh‐length GCS (Covidien) vs avoid GCS

– All received routine care

• Primary outcome
– Definite or probable symptomatic or 
asymptomatic DVT ‐ proximal

91
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• RCT
– IPC vs No IPC

• 2876 patients with
– Stroke within 3 days
– Immobile 
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CLOTS 3
Primary Outcome

• Proximal DVT
– IPC 8.5%

– No IPC 12.1%

– Absolute risk reduction 3.6%

– Use of LMWH or UFH 30%

PREVENT Study
• RCT

– Patients admitted to ICU
– Pharmacological prophylaxis +/‐ IPC
– Outcome: DVT @ day 28
– 2014 – 2018
– 2003 patients randomized

VTE: IPC 3.9% vs. No IPC 4.2%
RR 0.93 (0.60 – 1.44)
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Role of IVC filters

• Levin 1993
– 42 IVCF pts.  62% complications

– 12% PE

– 57% 
• IVC or filter thrombosis

• Recurrent DVT

• Post‐phlebitic syndrome

Levin et al. Neurology 1993.

Role of IVC filters
• Schiff & DeAngelis 1994

– 51 pts. w/ Brain metastasis and VTE
– 10 IVC filters  4 VTE recurrence

• Olin 1987
– 49 pts. w / Brain neoplasia and VTE
– 24 IVCF

• 1 developed PE

– 25 anticoagulants
• 2 bleeding (1 ICH)

– No difference in survival

Schiff & DeAngelis. Cancer 1994.
Olin et al. Arch Intern Med 1987.

• 126,030 VTE patients (USA: CA, FL, NY)

– 45,771 IVC filter

IVC filter  HR for 30‐day mortality 1.18 (1.13‐1.22)
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What about DOACs?

What about DOACs?

No!No!No!
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Prophylactic anticoagulation used only in 1.6% of Stroke patients!
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Unresolved issues

• Barriers to implementation

• Optimal risk stratification

• Specific subgroups
– Cancer, pregnancy, renal failure, obese, elderly

• Optimal duration

• Optimal timing

Unresolved issues

• Barriers to implementation
• Optimal risk stratification

• Specific subgroups
– Cancer, pregnancy, renal failure, obese, elderly

• Optimal duration

• Optimal timing

Position statements
• Appropriate VTE prophylaxis is required in patients at risk

– Agency for Healthcare Research and Quality, 2001

• Utilize clinically appropriate measures to prevent DVT/PE
– The National Quality Forum, 2003

• The use of proven and effective DVT prevention methods could save 
many lives of many patients
– JCAHO, 2004

• For every general hospital, we recommend that a formal, active 
strategy that addresses the prevention of VTE be developed
– ACCP, 2008
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ENDORSE :  WORLDWIDE 
(Lancet 2008; 371: 387‐394)

68,183 patients; 32 countries; 358 sites
First patient enrolled August 2, 2006;Last patient enrolled January 4, 2007

42%  at Risk for VTE

Medical

40%  receive ACCP
Rec. Px

64%  at Risk for VTE

59%  receive ACCP
Rec. Px

Surgical

Worldwide Prophylaxis Status for 68,183 Patients

52%  at Risk for VTE
(50% receive ACCP

recommended prophy)

E‐Alerts Can Increase Prophylaxis

• 2506 hospitalized patients

• VTE risk score ≥ 4

• Randomized to intervention or control

Intervention
Treatment Received

Mechanical, % Pharmacologic, %

E-Alert 10 23.6

Control 1.5 13

P-value 0.001 0.001

Kucher N, et al. N Engl J Med. 2005;352:969-977.
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Intervention

Control 
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E‐Alerts Decrease VTE 

Kucher N, et al. N Engl J Med. 2005;352:969-977.

Intervention

Control

Number at risk

1255 977 900

1251 976 893 839

853

41%
P = 0.001

Human Alerts Increase Prophylaxis

• 2493 hospitalized patients

• VTE risk score ≥ 4

• Randomized to intervention or control
Intervention

Treatment Received

Mechanical, % Pharmacologic, %

Hu-Alert 21 28

Control 8 14

95% CI 10.6-16.0 10.5-16.8

Piazza G, et al. Circulation. 2009;119:2196-2201.

%
 F

re
ed

o
m

 f
ro

m
 D

V
T

/
P

E

Human Alerts Decrease VTE

Time After Initial Enrollment (days)

P = 0.31

Piazza G, et al. Circulation. 2009;119:2196-2201.
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• A general assessment of VTE and bleeding risk is recommended 
prior to initiation of VTE prophylaxis in ischemic and hemorrhagic 
stroke patients 

• We recommend against the use of GCS in both ischemic and 
hemorrhagic stroke patients

• VTE prophylaxis options for ischemic stroke patients are IPC use or 
pharmacological regimens with SC LMWH 

• IPC is recommended for hemorrhagic stroke patients.
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Conclusions
• VTE is a frequent complication in medical and stroke 
patients
– Validated in many populations

• Anticoagulant prophylaxis is indicated in most 
patients

• Considerations for alternative strategies in high risk 
patients

• Strategies for implementation are necessary

������

124

125


