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Integrated risk-adapted management of acute PE (1)
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PATIENT WITH ACUTE PE

Anticoagulate

Distinguish low-from intermediate-riskPE
CHECK ❶and❷:

❶CLINICAL SIGNS OF PESEVERITY,OR 
SERIOUS COMORBIDITY?

❶or ❷
present Neither ❶nor ❷

❷RV DYSFUNCTIONON TTE/CTPA?

➢ PESI Class III-IV or sPESI ≥1

➢ Alternatively: ≥1 Hestia criterion fulfilled

HEMODYNAMICINSTABILITY?
No

Yes:

HIGH RISK INTERMEDIATE RISK LOW RISK

ESC Guidelines. Eur Heart J 2019; doi:10.1093/eurheartj/ehz405



HOSPITALIZE

Reperfusion
treatment

hemodynamic
support

Monitoring;
consider rescue

reperfusion,
if deterioration

EARLY DISCHARGE
HOME TREATMENT

Perform troponintest

Troponinpositive
+ RV dysfunction:

INTERMEDIATE-

HIGH RISK

Troponin negative:
INTERMEDIATE-
LOW RISK ≥1 not true Yes, all true

No other reasonsfor
hospitalization?

Family or social support?
Easy access to medicalcare?
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INTERMEDIATE RISKHIGH RISK LOW RISK

CTPA = computed tomography pulmonary angiography; PESI = Pulmonary Embolism Severity Index; RV = right ventricular; TTE = transthoracic echocardiography.

Integrated risk-adapted management of PE (2)

ESC Guidelines. Eur Heart J 2019; doi:10.1093/eurheartj/ehz405



Jaber WA, et al. J Am Coll Cardiol 2016;67:991-1002

Patient with suspected pulmonary embolism (PE)

Medical therapy
Catheter directed 

therapy

Surgical 

embolectomy

Anticoagulation initiated, unless contraindicated

Acute PE confirmed by CT scan

PERT members develop optimal treatment plan

Multidisciplinary PE response team (PERT) alerted: Interventionalist, cardiac 

surgeon, radiology, pulmonary/critical care medicine

Triage of PE for advanced treatment: 

Multidisciplinary teams



➢ It should work in everyone (in this risk class) and everywhere

➢ It should be standardized, depend as little as possible on operator 

➢ It should be instituted promptly and work fast

➢ It should be safe

➢ It should be broadly available

➢ It should be affordable

➢ It should be backed by solid scientific and clinical evidence

Which criteria for advanced (reperfusion) treatment in PE?



Marti C et al. Eur Heart J 2015; 36:605-614

Systemic thrombolysis – efficacy: Meta-analysis



Marti C et al. Eur Heart J 2015; 36:605-614

Systemic thrombolysis – safety (bleeding): Meta-analysis



☺Works in everyone and everywhere

☺Standardized, depends as little as possible on individual operator 

☺Can be instituted promptly and works fast

☺Broadly available

☺Affordable

 “Not so safe”

Partly backed by scientific and clinical evidence

Thrombolysis ‘first-line treatment’ in high-risk PE?
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Recommendations Class Level

It is recommended that anticoagulation with UFH, including a weight-

adjusted bolus injection, be initiated without delay in patients with

high-risk PE.a
I C

Systemic thrombolytic therapy is recommended for high- risk PE. I B

Surgical pulmonary embolectomy is recommended for patients with

high-risk PE, in whom thrombolysis is contraindicated or has failed.
I C

a After haemodynamic stabilization of the patient, continue anticoagulation as in intermediate- or low-risk PE.

UFH = unfractionated heparin.

Recommendations for high-risk PE

ESC Guidelines. Eur Heart J 2019; doi:10.1093/eurheartj/ehz405



Tenecteplase
(n=506)

Placebo
(n=499) P value

n (%) n (%)

All-cause mortality or 
hemodynamic collapse 
within 7 days of 
randomization

13 (2.6) 28 (5.6) 0.015

ITT population

1.00 0

0.23 0.44

2.00

Odds ratio
Thrombolysis superior

0.88

Meyer G et al, for the PEITHO Investigators. N Engl J Med 2014;370:1402-11 

Systemic thrombolysis in intermediate-risk PE (efficacy)



Systemic thrombolysis in intermediate-risk PE (safety)

Tenecteplase
(n=506)

Placebo
(n=499)

P 

value

n (%) n (%)

Non-intracranial bleeding

Major 32 (6.3) 6 (1.5) <0.001

Minor 165 (32.6) 43 (8.6) <0.001

Strokes by day 7 12 (2.4) 1 (0.2) 0.003

Haemorrhagic 10 1

Ischaemic 2 0

Meyer G et al, for the PEITHO Investigators. N Engl J Med 2014;370:1402-11 



No candidates for ‘safe’ systemic lysis identified

ITT population The PEITHO Investigators. N Engl J Med 2014;370(15):1402-1411



✓Works in everyone and everywhere

✓Standardized, depends as little as possible on individual operator 

✓Can be instituted promptly and is fast

✓Broadly available

✓Affordable

Not safe

Net benefit not backed by solid evidence

Thrombolysis ‘first-line treatment’ in intermediate-risk PE?
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Recommendations Class Level

Reperfusion treatment

Rescue thrombolytic therapy is recommended for patients with 

haemodynamic deterioration on anticoagulation treatment.
I B

As an alternative to rescue thrombolytic therapy, surgical 

embolectomy or percutaneous catheter- directed treatment should

be considered for patients with haemodynamic deterioration on 

anticoagulation treatment.

IIa C

Routine use of primary systemic thrombolysis is not recommended in

patients with intermediate- or low-risk PE.
III B

Recommendations for intermediate-risk PE

ESC Guidelines. Eur Heart J 2019; doi:10.1093/eurheartj/ehz405



• Large randomized controlled trials, reperfusion treatment of PE 

versus current standard of care, established clinical primary outcome

• Adequate power to show an impact of reperfusion treatment on the 

prognosis of intermediate-high-risk PE

• Trial protocols standardizing: 

o trial flow (time from PE diagnosis and Rx to intervention

o pharmacomechanical/mechanical treatment regimen

o concomitant anticoagulation regimen

• Clear rules to prevent arbitrary crossover between treatment arms

Reperfusion in intermediate-high-risk PE? 

Validate correctly!



➢ Do we now have appropriate and adequate definition criteria for high-risk 

and intermediate-high-risk PE? YES

➢ Is reperfusion treatment indicated in high-risk PE? YES

➢ Is reperfusion treatment necessary in intermediate-risk PE? YES

➢ Is reperfusion treatment indicated/recommended in intermediate-risk PE? 

NO, due to safety concerns of systemic thrombolysis

➢ Does catheter-directed treatment of PE ‘work’? YES

➢ Is this enough to establish CDT as standard of care? NO

➢ What else is needed? Rigorous randomized trial(s) against the standard 

of care (heparin!), standardizing CDT protocols, focusing on relevant 

clinical efficacy endpoints, confirming low bleeding rates

Progress in the management of ‘severe’ pulmonary embolism
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