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Introduction

Venous thromboembolism (VTE) encompasses 

- deep vein thrombosis (DVT) and 

- pulmonary embolism (PE). 

It is the third most frequent cardiovascular disease with an overall annual 
incidence of 100–200 per 100 000 inhabitants.



Deep vein 
thrombosis

• A blood clot that forms in a deep vein, 
usually the leg, groin or arm



Pulmonary 
embolism



Jorens PG et al Eur Respir J 2009 34: 452-474



Tapson VF. N Engl J Med 2008;358:1037-1052.

Small PE may pass 
unperceived, thanks to 
the pulmonary «filter» 
(while a small embolus
in the systemic
circulation can have
severe consequences)

Large PE may give
severe symptoms and 
hemodynamic
instability



Virchow’s triad



PE, classification

Identifiable risk factors

Non-identifiable risk factors

Secondary PE

Idiopathic PE

ModifiableNon-modifiable



Risk factors



Risk factors

Piazza G et al., Circulation 2010

Arterio-venous continuum



Risk factors



PE consequences: the alveolo-capillary
perspective

Respiration 98(3):1-10. DOI: 10.1159/000501342



PE consequences: 
the circulatory perspective

doi.org/10.1161/CIRCULATIONAHA.106.620872





PE consequences: symptoms

 Asymptomatic
 Dyspnea
 Chest pain (RV ischemia or lung infarction)

 Palpitations
 Pre-syncope / syncope
 Hemoptisis
 Hypotension
 Shock

Aspecific symptoms
 Insidiuos condition



PE probability
Geneva score



Pulmonary embolism: diagnosis
Blood tests

D-dimer (or D dimer) is a fibrin degradation 
product (or FDP), a small protein fragment 
present in the blood after a blood clot is 
degraded by fibrinolysis.

In PE, d-dimer is generally high

It has a high negative predictive value (low 
values virtually exclude PE) but a low positive 
predictive value

D-dimer should be < 500 ng/mL

Age-adjusted cut-offs have been developed to 
exclude PE in people > 50 years-old, according 
to the following rule: 

Age-adjusted D-dimer cut-off < age x 10

Example: 78 years old person  age-adjusted 
d-dimer cut-off < 780 ng/mL

Righini M. Et al, JAMA 2014



Pulmonary embolism: diagnosis
Blood tests

Troponins (cardiac-specific enzymes) and natriuretic peptides can be high, but 
only  if PE is associated with significant right ventricular strain/overload.



Pulmonary embolism: diagnosis
Angio-CT of the chest

Cornerstone for diagnosis:

visualization of thrombi in the 
pulmonary arteries

Assessment of signs of RV overload (RV 
dilation)



Alternative imaging techniques

V/Q scan (lung scintigraphy)

PERFUSION VENTILATION

Pulmonary angiography



Complementary imaging techniques
Echocardiography

Indirect
clues to 
diagnosis
(right 
chambers
overload)

Severity of 
PE 
(compromi
sed RV 
function 
massive 
PE)

(Low
sensitivity)





Complementary imaging techniques
Echocardiography

Useful in differential diagnosis of causes of hemodynamic instability, such as:

- Cardiac tamponade

- Aortic dissection

- Acute valvular dysfunction

- Hypovolemia

- Myocardial infarction



Complementary imaging techniques
Echocardiography

Useful from a pathophysiological perspective for a better assessment of patients’ 
symptoms: 

- If pulmonary vascular obstruction is acute and the RV is not preconditioned, PAP 
will be normal or slightly increased

- It might be «paradoxically» low in case of acute and severe pulmonary vascular
obstruction due to afterload mismatch with acute RV failure (acute cor
pulmonare) and shock

- Only if the RV is «preconditioned» and pulmonary vascular obstruction is > 30-
50%, the RV may generate a sPAP > 60-70 mmHg (e.g. in patients with CTEPH)



Complementary imaging techniques
Duplex ultrasound

Thrombi in the deep veins of the leg

High positive predictive value if PE is suspected

Low negative predictive value



Other findings

EKG :

- sinus tachycardia / atrial tachyarrhytmias, 

- RV strain patterns/RV ischemia (e.g. negative T waves V1-V4, complete or 
incomplete new onset BBD, S1Q3T3)

Chest X-ray : 

- «paradoxycally» normal (unless other comorbidities are present) despite
cardiorespiratory compromise

BGA : 

- hypocapnic hypoxia (unless other comorbidities are present)



S1Q3T3



RV strain



Pulmonary embolism
Diagnostic algorithms

Hemodynamic stability Hemodynamic instability



Diagnostic algorithm

https://doi.org/10.1093/eurheartj/ehz405

https://doi.org/10.1093/eurheartj/ehz405


Diagnostic algorithm

https://doi.org/10.1093/eurheartj/ehz405

https://doi.org/10.1093/eurheartj/ehz405


Pulmonary embolism. Risk stratification

Risk of early mortality

Indicatori di rischio

Shock or 
hypotension

Clinical
scores, e.g.
sPESI≥1

RV overload

imaging biomarkers

High risk +

Intermediate 
risk

intermediate-high - + + +

Intermediate-low - + One or none positive

Low risk - - Optional



PULMONARY EMBOLISM SEVERITY INDEX (PESI) 

The validation and reproducibility of the Pulmonary Embolism Severity Index, Chan CM et al, 
J Throm Haemost 2010, 8:1509-1514.



The RV in risk stratification

Echocardiography

- RV dilation

- RV dysfunction

- Thrombus in transit in right heart chamber

Chest CT

- RV dilation

Blood test

- High NTproBNP / BNP

- High Troponins



Pulmonary embolism. Risk stratification

Risk of early mortality

Indicatori di rischio

Shock or 
hypotension

Clinical
scores, e.g.
sPESI≥1

RV overload

imaging biomarkers

High risk +

Intermediate 
risk

intermediate-high - + + +

Intermediate-low - + One or none positive

Low risk - - Optional



Risk of mortality  treatment

Risk of early mortality

High risk

Intermediate 
risk

Intermediate-high

Intermediate-low

Low risk

Primary reperfusion*

Anticoagulant treatment; monitoring; «rescue» reperfusion*

Anticoagulant treatment; hospitalization

Anticoagulant treatment; rapid hospital discharge

Treatment 

*Reperfusion: fibrinolytic drugs; surgical or percutaneous embolectomy



Supportive treatment
high risk PE with hemodynamic instability



Treatment of pulmonary embolism

Respiratory supporrt (oxygen, non invasive or mechanical ventilation)

Hemodynamic support (vasopressors)

Anticoagulant therapy

Inhibition of 
thrombus growth

Acceleration of 
thrombolysis

Prevention of 
recurrences

Anticoagulant therapy Fibrinolytic therapy
Oral anticoagulant

therapy; vena cava filters



Medical treatment

Fibrinolytic drugs (in high risk patients)

• Recombinant tissue plasminogen activator (rTPA)

Anticoagulant drugs

• Parenteral anticoagulation

• Subcutaneous low molecular weight heparin (need to adjust for kidney
function)

• Unfractioned heparin (need to monitor APTT)

• Oral anticoagulation

• Vitamin K antagonists (warfarin, acenocumarol: need to monitor INR)

• Direct oral anticoagulants (apixaban, dabigatran, edoxaban, rivaroxaban)



Thrombolytic regimens, doses and 
contraindications



Surgical embolectomy

Rarely performed and only in high risk patients



Percutaneous embolectomy

Kuo WT; J Vasc Interv Radiol 2009





Pulmonary embolism: prognosis

Mortality: 

• At one month: 10%

• At two months: 10-20%

Thanks to anticoagulant therapy, PE completely resolves in 3-6 months

• Small, clinically meaningless lung perfusion defects can be evident in about 35% 
of patients

• Large, clinically relevant lung perfusion defects can persist in about 1% of 
patients, leading to chronic thromboembolic pulmonary hypertension



Pulmonary embolism: prognosis

Risk of recurrences: 

- About 4.5% per year in idiopathic PE  5 years recurrence as high as 20-30%

Favorable prognosis:

- Negative d-dimer one month after discontinuation of anticoagulant therapy



Medical treatment

Fibrinolytic drugs

• Recombinant tissue plasminogen activator (rTPA)

Anticoagulant drugs

• Parenteral anticoagulation

• Low molecular weight heparin

• Unfractioned heparin

• Oral anticoagulation

• Vitamin K antagonists

• Direct oral anticoagulants

To be continued for at least 3-6
months after the acute event

The decision on the duration of
anticoagulant therapy after PE is
based on balancing the estimated risk
of recurrences and the bleeding risk



PE 
prognosis and long-term management

Long-term maintenance of anticoagulation is an individualized decision, based on 
estimated risk of recurrence of PE, perceived risk of bleeding and patients’ 
preference.



Risk factors for PE recurrence









DOAC
Drug-drug interactions



DOAC
Drug-drug interactions



Inferior vena cava filters

Venous filters are indicated in patients with acute PE who have absolute contraindications to anticoagulant drugs, and
in patients with objectively confirmed recurrent PE despite adequate anticoagulation treatment




