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• From Heparin to LWMH, VKA and DOACS

• Treatment in the acute phase

• Follow-up of patients post-PE

Treatment of pulmonary embolism (PE)



Treatment with heparin

Barritt et al. Lancet. 1960;1:1309-12



Treatment with warfarin

Early warfarin 
treatment significantly 

shortened hospital 
stay by an average of 

3.9 days (30%)

Gallus et al. Lancet. 1986;2:1293-6



Treatment with warfarin

Low-dose coumarins

same efficacy as high-

dose coumarins

Less bleeding

Introduction of INR 

monitoring

Hirsch et al. CHEST 1998; 114:445S-469S 



Treatment with LMWH

LMWH vs. standard 
heparin

Same efficacy

No increase in bleeding

Reduced length of 
hospital stay

Home therapy

Koopman et al. N Engl J Med 1996; 334:682-687



Treatment with DOAC

Carrier et al. European Heart Journal 2024; 45:54-56



Bed rest or early ambulation?



sPESI score: PE cohort with a lower clinical and 
economic burden

30-day mortality:     0 points: 1%
                            ≥ 1 point: 10.9% P. Wells et al. Thromb Thrombolysis 2019;48(1):149



• Most patients with PE can be safely 
managed with anticoagulation (NOAC)

• PE with hemodynamic instability: 
reperfusion with thrombolysis

• Intermediate-high risk PE
- In the absence of hemodynamic 

compromise, the evidence of interventional 
approach to PE management is weak

Treatment of the acute PE



Duration of 
anticoagulant 
treatment



Duration of anticoagulant treatment

Kearon et al. NEJM 1999; 114:445S-469S 

Patients with a first 

episode of idiopathic

venous

thromboembolism

should be treated for 

longer than three

months



Duration of anticoagulant treatment

Couturaud et al. JAMA 2015; 114:314:31-40

The risk is low as 

long as treatment

is continued

Longer durations 

of treatment do 

not reduce the risk

of long-term

recurrent VTE at 

discontinuation



• Terminology such as «provoked» vs. «non-
provoked» is not helpful for decision-making 
regarding the duration of anticoagulation

• Separate VTE events into four categories based 
on risk factors

• Major persistent

• Major transient

• Minor persistent 

• Minor transient

Duration of treatment: terminology



Duration of anticoagulant treatment

Cox et al. J Thromb Haemost 2025; 23:1185-1202



Duration of anticoagulant treatment

Konstantinides et al. European Heart Journal 2020; 41:543-603



Discontinue after 3 months (major transient RF)
• Surgery with general anesthesia > 30 min
• Trauma with fractures
• Hospitalization with acute medical > 3 days 

with prolonged bed rest

Continue long-term (major persistent RF)
• Active cancer
• Prior unprovoked VTE
• Antiphospholipid syndrome

Duration of anticoagulant treatment



Duration of anticoagulant treatment

Prandoni et al. Haematologica 2007; 92:199-205

After 1 year: 

10%

After 5 years:

2% per year



Duration of anticoagulant treatment

Kearon et al. J Thromb Haemost 2010; 8:2313-2315

International Society on Thrombosis and Haemostasis

Stop anticoagulants if the risk of recurrent

VTE is less than 5% at one year after

discontinuing treatment (<15% at 5 years)



Duration of anticoagulant treatment
Recurrence scores

Recurrence scores must be able to detect patients 
with a low recurrence rate for VTE

• HERDOO2 prediction model (only women)

• More appropriate to use in older woman 

• DASH prediction score
• More suited to use in younger patients

• Vienna prediction model



Duration of anticoagulant treatment
HERDOO2 prediction model

Rodger et al. Can Med Assoc J 2008;179:417–26

Man continue

and

HERDOO2

(her do too)



Duration of anticoagulant treatment
HERDOO2 prediction model

Rodger et al. BMJ 2017;356:j1065



Duration of anticoagulant treatment
DASH prediction score

Tosetto et al. J Thromb Haemost 2012;10:1019

Caution with

older patients



Duration of anticoagulant treatment
Vienna prediction model

Vienna prediction model 

Eichinger et al. Circulation 2010;121:1630

https://clinicalbiometrics.shinyapps.io/VPM_lowrisk/


Duration of anticoagulant treatment
Recurrent VTE after VKA withdrawal

Boutitie et al. BMJ 2011; 24:342



Duration of anticoagulant treatment

Kearon et al. J Thromb Haemost. 2019;17:1144



Carrier et al. European Heart Journal (2024) 45, 54–56



Risk of VTE recurrence
• 1 in 10 in the first year

• Rising to 1 in 3, in over 5-19 years once 
anticoagulation is stopped

• PE > DVT

Overall risk of major bleeding
• Case-fatality of bleeding > VTE recurrence
• 1-2 cases per year (2-3% initial 3-6 months)

• 1.7 per 100 person-years for VKA

• 1.0 per 100 person-years for DOAC

Duration of anticoagulant treatment



Reduce modifiable risk factors
• Stop antiplatelets and NSAIDs if possible

• Reduce alcohol intake, prevent falls

• Control of hypertension, interacting 
medications

Choice of anticoagulant medication
• Reduced-dose DOAC (apixaban, rivaroxaban)

Extended-phase anticoagulant therapy



Extended-phase anticoagulant therapy

Reduced-dose

Apixaban (2x2.5 mg)

Rivaroxaban (1x10 mg)

Ibrahim et al. Thrombosis Research. Online 11 Sept 2025



Anticoagulant therapy in cancer patients

LMWH



Extended-phase anticoagulant therapy

Normal dose

Reduced dose

(after 6 months)

• HERDOO2 ≥2 (women)
• Unprovoked TEV in men
• Minor persistent/transient RF 

(obesity, renal impairment, 
CHF, . . .)

Major persistent RF
• Active neoplasia
• Second episode of TEV
• Antiphospholipid antibody

syndrome

Bleeding risk > recurrence
• Recent/active major

bleeding
• Neoplasm with a high 

risk of bleeding

Major transient RF
• Surgery with general 

anesthesia > 30 min
• Trauma with fractures
• Hospitalization with 

acute medical > 3 days 
with prolonged bed rest

Stop
(D)OAC(D)OAC

HERDOO2 ≤1 (women)

Adapted from: Picariello et al. G Ital Cardiol 2023;24(4):275
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