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• Gap: lack of adherence to latest evidence for VTE 

prophylaxis in the inpatient setting

• Need: lack of education on latest evidence for VTE 

prophylaxis in the inpatient setting



Learning 

Objectives

➢ Use risk assessment models for VTE 
prophylaxis

➢ Use appropriate pharmacologic and 
mechanical prophylaxes for patients 
in the hospital

➢ Identify patients who could benefit 
from VTE prophylaxis on discharge



Expected Outcome

• You will be able to use evidence-based 

techniques for VTE prophylaxis for acute care 

medicine patients



History of VTE prophylaxis

1271: Raoul - first 
likely reported case 
of DVT



History • 1793: Hunter hypothesized blood 
clots cause DVT

• 1856: Virchow finds relationship 
between DVT and PE

• 1941: Wright proposes DVT ppx in 
hospitals (early ambulation, avoidance 
of dehydration, elastic compression)



History

1911: heparin discovered 
by Doyon/McLean/ 
Howell
1935: purified, could be 
used on humans- for 
post-surgical DVT 
prophylaxis
1940: Swiss surgeon 
recommended heparin      
ppx





LMWH in Acutely Ill Medical Patients

MEDENOX 1999

ARTEMIS 2005

PREVENT 2004



2005: Joint Commission & National 

Quality Forum

‘National Consensus Standards for the 

Prevention and Care of Deep Vein 

Thrombosis (DVT)’ project



2008- Surgeon General Call to Prevent 

DVT/PE

• VTE-1

• VTE-2

• VTE-6

• CMS does not pay for 

HA-VTE since 2008



• Does every admitted patient need heparin ppx?

• Is heparin better than LMWH?

• What about DOACs?

• What about my high bleeding risk patients?

• What about mechanical ppx?

• After discharge VTE ppx?

Questions for thought



Case: Medical 

Inpatient Admission
72-year-old male
Past Medical History: COPD, type 2 diabetes, obesity 
(body mass index [BMI] of 42 kg/m2), provoked DVT 
20 years ago (after cholecystectomy)
Medications: Tiotropium, metformin, amlodipine, 
lisinopril
Admitted to: Internal Medicine Ward with cellulitis
Treated with: antibiotics
He is not ambulating on the ward due to generalized 
weakness.



Which ONE of the following options would you suggest for 
thromboprophylaxis during this medical inpatient’s hospital admission?

A. Subcutaneous low molecular weight heparin (LMWH)

B. Direct oral anticoagulant (Betrixaban, Rivaroxaban, or Apixaban)

C. Graduated compression stockings

D. No prophylaxis because patient is low thrombosis risk
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Does everyone hospitalized need pharmacologic 

prophylaxis?
No benefit in unselected 
patient population
(odds ratio [OR], 0.59; 95% CI, 
0.29-1.23)

Small benefit 
in higher risk 
patient 
population
NNT: 345 to 
prevent PE



Increase in major hemorrhage in VTE ppx patients 
(OR, 1.81; 95% CI, 1.10-2.98; P = .02) NNH= 336

Prospective Cohort Study in 
3 Swiss Hospitals
Primary Outcome: HAA
rates
1305 patients (90% low 
bleeding risk)→ 809 (62%) 
received pTPX
Results: 
➢CRB rates (2.2% vs 2.2%)
➢HAA rates (23.2% vs 
15.3%) (OR 1.4; CI 1.0-2.1)
➢Median drop in Hgb (0.7 
vs 0.2 g/dl)

Hospital acquired Anemia





Who will most benefit from VTE 

prophylaxis?

High Risk VTE risk? Low Bleeding Risk?



Who is at risk of developing VTE?

❑Risk 
Assessment 
Models 
(RAMs) will 
help risk 
stratify 
medically ill 
patients.

❑Examples: 
Padua 
score, 
Improve 
score



Many other risk assessment models



Guidelines from Societies favor RAM



“The AHA recommends a central steward for data 
tracking VTE risk assessment, application of VTE 
prophylaxis, and VTE rates for all hospitals such as 
the Core Quality Measures Collaborative.”



Implementation of Risk Assessment

Adding VTE risk calculator 

(Padua) did not change VTE

and bleeding rates (reduced 

VTE ppx from 73→ 65%)

Limitation: use 24%

>400 pts: prospective and 
retrospective cohort study over 
1 year
No change in VTE and bleeding 
rates
Decreased VTE ppx rates (saved 
€1.67 / pt (27.2% decrease)) 



Proposed decision tree: Djulbegovic B et al. 
Converting IMPROVE bleeding and VTE risk 
assessment models into a fast-and-frugal decision 
tree for optimal hospital VTE prophylaxis. Blood 
Adv. 2024 Jun 25;8(12)



Key Driver Diagram -
Template

KEY DRIVER DIAGRAM
Project Name: VTE prophylaxis project
Project Leader: Arunab Mehta, MD
Revision Date: 03/15/2024

SMART AIM

KEY DRIVERS (What)

INTERVENTIONS (How)(Active, Completed, Future)

Increase the appropriate 

VTE prophylaxis rates in 

medical admitted patient 

from 50 to 75% to help align 

this practice with guideline 

and joint commission 

standards by November 30, 

2023.

Inclusion of standard risk assessment 

method available for providers to use

System to re-address change in VTE 

risk throughout hospitalization

Nursing awareness for patient 

ambulation and documentation

Awareness of providers to risk stratify 

patients for VTE on admission

Add Risk Assessment calculator to admission order 

set

Inclusion of standardized option to 

help provider order appropriate ppx

in orderset

Increase appropriate VTE 

prophylaxis for medical 

admitted patients

GLOBAL AIM

Improve patient awareness on 

importance of VTE ppx (refusals)

Medical, non-surgical, non-

ICU patients on general 

medicine services.

POPULATION

Make standardized orderset organizing preferred 

VTE ppx by renal function/weight

Educating providers about importance of VTE risk 

stratification – email vs annual training module

Nursing education about ambulation and VTE ppx-

email

Add VTE risk calculator led reassessment during 

every transfer

Add patient education on admission (in room) on 

importance of VTE ppx

Nursing education module on VTE ppx and 

documentation

BPA alert frequently or change in Storyboard
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What is the best pharmacologic ppx?

• LMWH (40 mg daily) (>20,000 pts in 20 studies) & fondaparinux 
(850 pts in 1 study) reduced symptomatic VTE rates compared to 
placebo.

• UFH (3x daily) and DOACs increased bleeding rates (ORs 2.63 and 
2.31 respectively)

• LMWH is once daily
• LMWH has lower rates of HIT



LMWH outweighs heparin in critically ill 

patients

Outcomes
Relative effect: 

RR (95% CI)

Anticipated absolute effects (95% CI)

Risk with UFH Risk difference with LMWH

Mortality 0.90
(0.75 to 1.08)

243 per 1,000
24 fewer deaths per 1,000 

(61 fewer to 19 more)

PE 0.80
(0.44 to 1.46)

11 per 1,000
2 fewer PE per 1,000

(6 fewer to 5 more)

Symptomatic 

proximal DVT
0.87

(0.60 to 1.25)
25 per 1,000

3 fewer DVT per 1,000
(10 fewer to 6 more)

Major bleeding 0.98
(0.76 to 1.27)

53 per 1,000
1 fewer bleeds per 1,000

(13 fewer to 14 more)

Heparin-induced 

thrombocytopenia
0.42

(0.15 to 1.18)
6 per 1,000

4 fewer episodes per 1,000
(5 fewer to 1 more)

Quality of Evidence (GRADE): Low        Moderate        Strong



Which ONE of the following options would you suggest for 
thromboprophylaxis during this medical inpatient’s hospital admission?

A. Subcutaneous low molecular weight heparin (LMWH)

B. Direct oral anticoagulant (Betrixaban, Rivaroxaban, or Apixaban)

C. Graduated compression stockings

D. No prophylaxis because patient is low thrombosis risk



Our Patient’s Risk factors for VTE

Padua RAM: Factors

Previous VTE

Thrombophilia

Active cancer

Age > 70 years

Reduced mobility

Recent trauma/surgery

Heart or respiratory failure

Acute MI or stroke

Hormonal treatment

Obesity (BMI > 30) 

Infection/rheumatologic

IMPROVE-VTE RAM: 

Factors

Previous VTE

Thrombophilia

Active cancer

Age > 60 years

Immobilization of ≥ 7 days

Lower limb paralysis

ICU/CCU stay



Could you use DOACs for VTE ppx?

bleeding rate

expense

Clearance issues with renal impairment



LMWH > DOACs

Outcomes
Relative effect: 

RR (95% CI)

Anticipated absolute effects (95% CI)

Risk with prophylactic LMWH Risk difference with any DOAC

Mortality 0.64
(0.21 to 1.98)

1 per 1,000
0 fewer deaths per 1,000 

(1 fewer to 1 more)

PE 1.01
(0.29 to 3.53)

1 per 1,000
0 fewer PE per 1,000

(1 fewer to 3 more)

Symptomatic 

proximal DVT
1.03

(0.34 to 3.08)
2 per 1,000

0 fewer DVT per 1,000

(1 fewer to 4 more)

Major bleeding 1.70
(1.02 to 2.82)

2 per 1,000
2 more bleeds per 1,000

(0 fewer to 4 more)*



High bleeding risk but high VTE 
risk?

Could you use heparin 5000 units BID instead of TID?



Unfractionated Heparin 

BID vs TID

• VTE rate (BID, 5.4; vs TID, 3.5; p = 
0.87)

• PE rate [BID, 1.5; vs TID, 0.5; p = 
0.09]

• Proximal DVT and PE rate (BID, 
2.3; vs TID, 0.9; p = 0.05)

• Bleeding rate (BID, 0.35; vs TID, 
0.96; p < 0.001)

Assess bleeding risk in your patient!



Back to our patient:

Your patient developed some redness in his stools. You suspect GI bleeding. You 
decide to withhold pharmacologic prophylaxis to ensure hemostasis. 

Which of the following options for thromboprophylaxis would you suggest at this 
time?

A. Graduated compression stockings

B. Pneumatic compression devices

C. Calf exercises

D. No mechanical prophylaxis is needed
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Can’t use 
pharmacologic 
agents? What about 
mechanical 
thromboprophylaxis?



Types of mechanical 

thromboprophylaxis

• Graduated Compression Stockings (GCS)

• Intermittent Pneumatic Compression Devices 
(IPC)



Mechanical prophylaxis

Outcome Relative effect Risk difference

Mortality 3.43 0 fewer per 1,000

PE 0.38 27 fewer per 1,000

Symptomatic 

proximal DVT

0.16 110 fewer per 1,000

Pneumatic Compression devices compared to graduated 

compression stockings (10 RCTs)

ASH recommends using either methods

AAFP recommends using PCD



Pharmacologic + mechanical 

prophylaxis?



You are discharging your patient after an acute medical illness. He has 
received prophylaxis with LMWH in hospital for 9 days. He is ambulatory 
and back on his usual medications.

What would you recommend on discharge for VTE prophylaxis?

A. Stop LMWH on the day of discharge

B. Extend LMWH for 3 weeks post-discharge

C. Switch LMWH on discharge to a DOAC, and continue the DOAC for 3 
weeks post-discharge

D. Graduated compression stockings for 3 weeks post-discharge
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Extended VTE Prophylaxis



Trials for extended prophylaxis



Summary of trials

American Society of Hematology: In acutely ill hospitalized 
medical patients, the panel recommends inpatient VTE 
prophylaxis with LMWH only, rather than inpatient and 
extended duration outpatient VTE prophylaxis with DOACs 
(strong recommendation, moderate certainty)



Pooled cohort analysis of 

Magellan/Mariner trials

NNT: 197
NNH: 2045

(FDA Approval for 
Rivaroxaban= 31-
39 days post-
hospitalization; 
exceptions for 
recent bleeding, 
active duodenal 
ulcer bleeding, 
cancer, 
pulmonary 
cavitation.)

NATF
recommends 
extended VTE 
prophylaxis 
with DOAC for 
high-risk 
patients



Final 

Answer?

• Risk assess your 
patient!!





MICHELLE trial (2022): Extended 

VTE ppx in COVID-19 patients 

(high risk!)

Primary Outcome= composite 
of symptomatic or fatal venous 

thromboembolism, 
asymptomatic venous 

thromboembolism on bilateral 
lower-limb venous ultrasound 
and CT pulmonary angiogram, 

symptomatic arterial 
thromboembolism, and 

cardiovascular death at day 35



CDS vs no CDS
Primary outcome: rates of appropriate VTE ppx

Secondary outcomes: rates of major thromboembolism, all-cause and VTE-
related readmissions and death, major bleeding, and all-cause mortality 30 days 
after discharge

At-discharge VTE ppx: 42.6% vs 28.8%
VTE rates (OR, 0.54; 95% CI, 0.39-0.75; P < .001)
Arterial thromboembolism (OR, 0.10; 95% CI, 0.01-0.81; P = .01)
Total thromboembolism (OR, 0.50; 95% CI, 0.36-0.69; P < .001)
30-day all-cause readmission/death (OR, 0.78; 95% CI, 0.62-0.99; P = .04)
Major Bleeding



VTE prophylaxis in cancer patients

Khorana Score > 2 = consider 

VTE ppx in ambulatory 

settings



Take home points

✓ Use Risk Assessment Models to help identifying who needs 

pharmacologic VTE prophylaxis in the hospital

✓ LMWH works best for most patients as a pharmacologic agent 

for VTE prophylaxis

✓ Most patients do not need VTE prophylaxis on discharge (but 

a few might!)




