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Risk-adjusted management strategy for acute PE

Konstantinides S et al. Guidelines ESC 2019, Eur Heart J 2019.



Les limites de cette stratification



High-risk PE : a wide spectrum of clinical conditions 

In-hospital mortality increases with clinical severity

30% mortality = average mortality

20% 75%

Chopard R, Meneveau N. J. Clin. Med. 2022, 11, 4807. https://doi.org/10.3390/jcm11164807.



Outcomes of Pts with high-risk PE

Kobayashi T et al. JACC 2024;83:35-43.

25 % of PE pts presenting with :

- Hypotension

- Sustained systolic BP < 90 mmHg

- Need for vasopressor support

- Hemodynamic collapse

=> In-hospital mortality : 17.2%

14% of HRPE pts with :

- Hemodynamic collapse

- Hypotension despite multiple 

vasopressors

- Impending/active cardiac arrest

- Failed thrombolysis (ref. shock)

=> In-hospital mortality : 42.1%



Intermediate-risk PE with normotensive shock

Bangalore S, et al. J Am Coll Cardiol Intv. 2023;16(8):958–972.

Normotensive shock in Pts with 

intermediate-risk PE from the 

FLASH registry

With normotensive shock 

CI ≤ 2.2 L/min/m2

Without normotensive shock 

CI > 2.2 L/min/m2

Proportion of Pts with normotensive shock by 

Composite Shock Score



Parcours de soins dans l’EP => PERT (Pulmonary embolism response team)
Why is PERT activation needed in HR/IHR PE ?

PE : a clinical and logistic quandary

PEs mandate urgent intervention,

Multiple specialties may diagnose and treat PE (lack of consensus agreement),

PE treatment based on low level of evidence,

Increasing advanced therapeutic alternatives.

Rationale for PERT : rapid response system

Integrative multidisciplinary approach :

protocolized response to prevent CP arrest and death,

§ identification of patients at risk, 

§ criteria to trigger the rapid response system, 

§ means to quickly notify and activate the response team.

Dudzinski DM et al. Circulation. 2016;133:98-103. 

Heart-team approach optimizing pt 

management & promoting 

“shared decision-making”



PERT implementation Definition of PERT according 

PERT Consortium Guidelines

PERT = institutionally based multidisciplinary team 

that must meet the following criteria: 

1. rapidly assess and provide TTT for pts with PE

2. full range of medical, surgical and endovascular 

therapies

3. appropriate FUP of pts

4. evaluate data regarding the effectiveness of TTT 

rendered  

Rosovsky R et al. Res Pract Thromb Haemost. 2019;3:315–330. Activation with a single contact to a central call service

=> Conference call or virtual meeting

Rivera-Lebron B et al. Clin Appl Thromb Hemost 2019;25:1-16.



Rali P et al. CHEST 2021; 160(5):1844-1852.

PERT and interhospital transfer of Pts with acute PE

Potential triggers for interhospital transfer
ideally discussed on individual case-by-case basis



Changes in treatment after creation of a PERT : 
a 10-year analysis

Rosovsky R et al. J Thromb Thrombolysis doi/10.1007/s11239-018-1737-8

Use of advanced 

treatments pre-PERT 

and post-PERT.

Implementation of a PERT 

increases the use of 

advanced therapies, 

especially CDT, for pts with 

high- & intermediate-high 

risk PE, with no associated 

change  in bleeding or 

mortality



Changes in care for acute PE through a PERT

Outcomes in all pts with acute PE Outcomes in elevated-risk pts with acute PE

Carroll BJ et al. Am J Med. 2020;133(11):1313–1321.

2042 pts with PE, 884 (41.3%) pre-PERT & 1158 (56.7%) post-PERT implementation
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Temporal changes in PE outcomes  following PERT implementation

Chopard R et al. J Thromb Thrombolysis https://doi.org/10.1007/s11239-022-02697-3.

Adjusted temporal trends in composite outcomes at 30  days. 

PE-related death, major bleeding, recurrent VTE, & rehospitalization

All-cause mortality : risk-adjusted rate 0.84 [0.58-1.21]; p=0.36 for trend 

Major bleeding : risk-adjusted rate 0.61 [0.58-1.21]; p=0.04 for trend

Risk-adjusted rate ratio per year, 0.63 [0.47-0.84]

P value for trend = 0.001 

425 pts with acute PE managed by the multidisciplinary PERT from 2015 to 2019



Temporal changes in PE outcomes  following PERT implementation

Chopard R et al. J Thromb Thrombolysis https://doi.org/10.1007/s11239-022-02697-3.

Trends in outcomes included in the primary composite end-point at 30 days and 6 months



Sagoschen I et al. Clinical Research in Cardiology (2024) 113:581–590. 

Implementing PERT 

Þ less systemic lysis or surgical embolectomy. 

Þreduced bleeding complications, and decreased all-cause and PE-related mortality.



Wright C et al. Am J Cardiol. 2021;161:102–107.

Impact of PERT in high-risk PE 

- Reduced length of stay following 

PERT implementation (9.1 vs. 6.5 

days, P=0.007). 

- Time from triage to diagnosis of 

PE independently predictive of 

mortality, (reduced by 5% for each 

hour earlier the diagnosis was 

made)



Brian A et al. J. Clin. Med. 2024, 13, 7623. https://doi.org/10.3390/jcm13247623.  

PERT - Evidence of benefits? 
A systematic review and meta-analysis

13 observational studies, 12,586 pts, 60% pts from the pre-PERT period and 40% pts from the PERT period

All-cause mortality



Hobohm L et al. Clinical Research in Cardiology (2023) 112:1351–1361.  

PERT - Evidence of benefits? 
A scoping review and meta-analysis

22 original studies and 4 surveys 



Reduced mortality is associated 
with PERT consultation not with the presence of PERT

Gardner TA et al. Thrombosis Journal (2024) 22:38.  

Retrospective cohort study 
(N=684; 315 pre-PERT pts & 367 post-PERT pts)

More IHR- and HR PEs 

More IV thrombolysis

More thromboaspiration



Take-home message 
Parcours de soins de l’EP = mise en place d’un PERT

PERT concept = novel-team approach optimizing pt management & promoting “shared 
decision-making”

PERT theoretical advantages : 

Input from a variety of clinicians

Improving timelines & coordination of care

Increasing access to advanced therapies when appropriate

Potential clinical benefits of PERT implementation remain to be established

Consultation of PERT, rather than the existence of PERT may benefit selected pts with 
acute intermediate or high-risk PE without a concomitant increase in advanced therapies.

Large prospective studies are needed further to explore the impact of PERTs on clinical 
outcomes.
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