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Risk stratification based on early mortality risk: 
2019 ESC / ERS guidelines

Patient with objectively confirmed PE

Haemodynamic instability? 

YES

HIGH

• These patients are rares:

• ICOPER (1995-1996)1: 4,2% (103/2454)

• RIETE (2001-2016)2 : 3,5% (1207/34380)

• German healthcare database (2005-2015) 3 : 3,5% (30939/885806)

• High mortality rate: 30-40%; 60-70% if cardiac arrest 

Konstantinides SV et al, Eur Heart J 2019: doi:10.1093/eurheartj/ehz405



Key factors contributing to haemodynamic collapse in acute PE

Millington et al ICM 2023



Therapeutic goals of high-risk PE

Rapid haemodynamic stabilisation
• Improve RV function

→ Volume expansion

→ Positive inotropics agents

• Increase systolic blood pressure and  RV coronary perfusion

→ vasopressors

Restoration of pulmonary blood flow : decrease RV afterload
→ Primary reperfusion treatment

  Fibrinolysis or embolectomy (surgical/per-cutaneous)

→ Avoid recurrent PE

  Anticoagulant treatment: UFH / LMWH



Rapid haemodynamic stabilisation 



Decrease RV afterload: systemic fibrinolysis
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SK 100 000 UI /h, 12h
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UK 4400 UI /kg/h, 12h
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15 RCT

• 4 included (not 
exclusively) high-risk PE

2057 patients

All studies reported early 
all-cause mortality and 
primary endpoint was based 
on clinical events in 3 RCT 
including 1344 patients



Thrombolysis vs anticoagulant alone in High risk PE

Eur Heart J 2015;36:605-14



Eur Heart J 2015;36:605-14

Safety

Thrombolysis
Major bleeding: 9.9%
Fatal or intracranial haemorrhage: 1.7%



Approved regimen and contraindications of thrombolysis in PE: ESC 2019

Konstantinides SV et al, Eur Heart J 2019: doi:10.1093/eurheartj/ehz405



Other therapeutic options

Extracorporeal Membrane Oxygenation (ECMO)

Surgical thrombectomy

Percutaneous catheter directed thrombectomy +/- local fibrinolysis

For patients in whom thrombolysis has failed or is contraindicated

 3% of high risk PE

Multidisciplinary discussion is recommended ++++

• PE Response Team (PERT): interventionalist, cardiac surgeon, pulmonary / 

critical care medicine



January 1995 – january 2005

488 patients underwent thrombolysis for high-risk PE

Unsuccessful thrombolysis 

• Persistent clinical instability (shock) AND residual echocardiographic RV dysfunction

• Within 36h after thrombolysis

• 40 patients (8.2%)

Surgical embolectomy (n=14) or repeat thrombolysis (n=26) at the discretion of the treating 

physician



Rescue surgical embolectomy led to a better in-hospital course as compared to repeat thrombolysis

=> transfer the patients who do not respond to thrombolysis in a tertiary surgical cardiac center

Role for VA-ECMO ???



V/A-ECMO

Lower RV overload

Improve hemodynamic status

Restore tissue oxygenation

Rapidly efficacious

Indicated in case of severe and refractory 

shock with or without multiple organ failure

Requires a specific and trained team +++



VA-ECMO 
   2 strategies for its use in high-risk PE

As a bridge to a reperfusion therapy

Surgical embolectomy

Catheter-based thrombectomy

As a standalone therapy

Hemodynamic support while waiting for the action 

of endogenous fibrinolysis



Optimal reperfusion strategy in acute high-risk pulmonary embolism 
requiring extracorporeal membrane oxygenation support: a systematic 
review and meta-analysis
Chopard et al. Eur Respir J 2022

17 studies (327 PE patients) comparing mechanical embolectomy and other 
strategies (including systemic, catheter-directed thrombolysis, or ECMO as stand-
alone therapy) with regard to mortality and bleeding outcomes

Mortality rate: 26.4% (mechanical reperfusion) vs 42.8% (other strategies)
• Mechanical reperfusion vs other strategies: OR 0.43 (95%CI, 0.23-0.997); p = 0.009; I2 = 35.2%

• Surgical embolectomy vs thrombolysis: OR 0.36 (95% CI, 0.18-0.73; p = 0.009; I2 = 32.9%

Bleeding rate: 24.5% (mechanical reperfusion) vs 19.6% (other strategies)
• OR 1.26; 95% CI, 0.54-2.92; I2 = 7.7%

Mechanical reperfusion, notably by surgical embolectomy, yields favorable results 
regardless of the timing of ECMO implantation in the reperfusion timeline, 
independent of thrombolysis administration or cardiac arrest presentation



2019 ESC-ERS PE guidelines

Konstantinides SV et al, Eur Heart J 2019: doi:10.1093/eurheartj/ehz405



Surgical embolectomy

Samoukovic G. et al. Interactive Cardiovasc Thorac Surg 2010; 11: 265–270

Kalra et al. Ann Thorac Surg 2017;103:982-90

Retrospective cohorts

High mortality rates 

The unsatisfactory surgical results were often related to the compromised clinical 
status of the patients, especially those who had already undergone thrombolysis 
and entered the operation room with advanced cardiogenic shock in need of 
cardiopulmonary resuscitation.

Period Death n/N Death %

1968-1989 184/526 35%

1990-1999 188/627 30%

2000-2008 41/215 19%



Surgical embolectomy

Single center retrospective single 
center study

2005-2019

136 patients who received surgical 
management

• 44 high-risk PE (shock)

• 92 intermediate high-risk PE



Catheter-directed treatment options in PE



Catheter-directed treatment in PE: impressive images of clot removal…



Catheter-directed treatment in PE: registries and RCT

Study, year Device Comparator Patients n
Inclusion 
criteria

Intermediate 
high-risk PE

High-
risk PE

Primary 
outcome

SEATTLE 2, 2015 USAT (EKOS) No 150 RV/LV > 0.9 79% 21% RV/LV at H48

FLARE, 2019 FlowTriever No 106 RV/LV > 0.9 56% 0% RV/LV at H48

FLASH, 2023 FlowTriever No 800 RV/LV > 0.9 77% 8%
Device related death, 
MB, intra-procedural 

adverse event

EXTRACT-PE, 2021 Indigo aspiration No 119 RV/LV > 0.9 71% 0% RV/LV at H48

ULTIMA, 2014 USAT (EKOS) Anticoagulant 59 RV/LV > 1 80% 0% RV/LV at H24

SUNSET sPE, 2021 USAT (EKOS) Other CD Tlysis 82
RV/LV > 1 

+/- ↑cTn/BNP
95% 0%

Miller score 
(CTPA) at H48

Kroupa et al, 2022 CD Tlysis anticoagulant 23 RV/LV > 0,9 100% 0%
↑RV, ↓sPAP, 

↓Qanadli: H48

CANARY, 2022 CD Tlysis Anticoagulant 94 RV/LV > 0,9 100% 0% RV/LV at M3



Major bleeding in prospective studies of catheter-directed thrombolysis

Non intracranial major bleeding: 4.3% (95%CI, 1.1-7.5)

Intracranial major bleeding: 0.7% (95%CI, 0-1.3)

Giri et al Circulation 
2019;140:e774-801



Conclusion

Patients with high-risk PE are rare but have a high short-term mortality rate

A majority of these patients can be treated successfully with inotropic agents and systemic 

fibrinolysis

Surgical embolectomy or catheter-directed treatment must be discussed if systemic thrombolysis 

is contraindicated or has failed

VA-ECMO is an effective therapeutic option for the most severe high-risk PE patients (i.e. cardiac 

arrest / refractory shock)

The best strategy (i.e. stand alone treatment vs bridge to surgical or catheter-directed 

reperfusion strategy) requires additional dedicated studies

Pulmonary Embolism Responsive Team (PERT) can help to decide on the most appropriate 

therapy.
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