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Hemodynamics and PE Mortality

1.  Douketis JD, Kearon C, Bates S, Duku EK, Ginsberg JS. Risk of fatal pulmonary embolism in patients with treated venous 
thromboembolism. JAMA. 1998;279(6):458-462.
2.  Kasper W, Konstantinides S, Geibel A, et al. Management strategies and determinants of outcome in acute major 
pulmonary embolism: results of a multicenter registry. J Am Coll Cardiol. 1997;30(5):1165-1171.



RV blood flow goes down

1. Vlahakes GJ, Turley K, Hoffman JI. The pathophysiology of failure in acute right ventricular hypertension: hemodynamic and 

biochemical correlations. Circulation 1981;63(1):87-95.



RV has an MI, not the LV

1. Vlahakes GJ, Turley K, Hoffman JI. The pathophysiology of failure in acute right ventricular hypertension: hemodynamic and 

biochemical correlations. Circulation 1981;63(1):87-95.



The Perfect Storm

1. McGuire WC, Sullivan L, Odish MF, Desai B, Morris TA, Fernandes TM. Management Strategies for Acute Pulmonary Embolism in 

the ICU. Chest. 2024. 
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Premorbid Conditions



Features Associated with Worse PE Outcomes

1. Hypoalbuminemia

2. Obstructive Sleep Apnea

3. Syncope

– Women but not men?

4. Systolic BP

1. Hoskin S, Chow V, Kritharides L, Ng ACC. Incidence and Impact of Hypoalbuminaemia on Outcomes Following Acute Pulmonary 

Embolism. Heart, lung & circulation. 2020;29(2):280-287.

2. Geissenberger F, Schwarz F, Probst M, et al. Obstructive sleep apnea is associated with pulmonary artery thrombus load, disease 

severity, and survival in acute pulmonary embolism. Clinical research in cardiology : official journal of the German Cardiac Society. 

2020;109(1):13-21. 

3. Dzudovic B, Subotic B, Novicic N, et al. Sex-related difference in the prognostic value of syncope for 30-day mortality among 

hospitalized pulmonary embolism patients. Clin Respir J. 2020;14(7):645-651. 

4. Quezada A, Jiménez D, Bikdeli B, et al. Systolic blood pressure and mortality in acute symptomatic pulmonary embolism. 

International journal of cardiology. 2020;302:157-163. 



Hypoalbuminemia and Outcome after PE

1. Hoskin S, Chow V, Kritharides L, Ng ACC. Incidence and Impact of Hypoalbuminaemia on Outcomes Following Acute Pulmonary 

Embolism. Heart, lung & circulation. 2020;29(2):280-287.



Sleep apnea and outcome after PE

1. Geissenberger F, Schwarz F, Probst M, et al. Obstructive sleep apnea is associated with pulmonary artery thrombus load, disease 

severity, and survival in acute pulmonary embolism. Clinical research in cardiology : official journal of the German Cardiac Society. 

2020;109(1):13-21.



Presentation



Syncope and outcomes after PE

1. Dzudovic B, Subotic B, Novicic N, Matijasevic J, Trobok J, Miric M, Salinger-Martinovic S, Stanojevic D, Nikolic M, Miloradovic V, 

Markovic Nikolic N, Dekleva M, Lepojevic Stefanovic D, Kos L, Kovacevic Preradovic T, Obradovic S. Sex-related difference in the 

prognostic value of syncope for 30-day mortality among hospitalized pulmonary embolism patients. Clin Respir J. 2020;14(7):645-651.



Scores to predict PE mortality

• PESI

– Pulmonary embolism severity score

• sPESI

– simplified Pulmonary embolism severity score

• ESC

– European Society of Cardiology classification

• Bova

– (the guy’s name)



PESI and sPESI

1. Jiménez D, Aujesky D, Moores L, et al; RIETE Investigators. Simplification of the pulmonary embolism severity index for 

prognostication in patients with acute symptomatic pulmonary embolism. Arch Intern Med. 2010;170 (15):1383-1389.



ESC

1. Konstantinides SV, Meyer G, Becattini C, et al; ESC Scientific Document Group. 2019 ESC Guidelines for the diagnosis and 

management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS). Eur Heart J. 

2020;41(4):543-603



“Bova” Score

1. Bova C, Sanchez O, Prandoni P, et al. Identification of intermediate-risk patients with acute symptomatic pulmonary embolism. The 

European respiratory journal : official journal of the European Society for Clinical Respiratory Physiology. 2014;44(3):694-703 



Severity Prediction: “Low Risk”

1. Barnes GD, Muzikansky A, Cameron S, et al. Comparison of 4 Acute Pulmonary Embolism Mortality Risk Scores in Patients 

Evaluated by Pulmonary Embolism Response Teams. JAMA Netw Open. 2020;3(8):e2010779.



Severity Prediction: “high risk”

1. Barnes GD, Muzikansky A, Cameron S, et al. Comparison of 4 Acute Pulmonary Embolism Mortality Risk Scores in Patients 

Evaluated by Pulmonary Embolism Response Teams. JAMA Netw Open. 2020;3(8):e2010779.



ESC “high risk” reflected low SBP

1. Barnes GD, Muzikansky A, Cameron S, et al. Comparison of 4 Acute Pulmonary Embolism Mortality Risk Scores in Patients 

Evaluated by Pulmonary Embolism Response Teams. JAMA Netw Open. 2020;3(8):e2010779.



SBP and 30 day mortality after PE

1. Quezada A, Jiménez D, Bikdeli B, et al. Systolic blood pressure and mortality in acute symptomatic pulmonary embolism. 

International journal of cardiology. 2020;302:157-163. 



Bova Score Didn’t Predict Mortality

1. Barnes GD, Muzikansky A, Cameron S, et al. Comparison of 4 Acute Pulmonary Embolism Mortality Risk Scores in Patients Evaluated by 

Pulmonary Embolism Response Teams. JAMA Netw Open. 2020;3(8):e2010779.

2. Bova C, Sanchez O, Prandoni P, et al. Identification of intermediate-risk patients with acute symptomatic pulmonary embolism. The 

European respiratory journal : official journal of the European Society for Clinical Respiratory Physiology. 2014;44(3):694-703 



Echocardiography



RV findings as independent mortality 

predictor

1. Chen YL, Wright C, Pietropaoli AP, et al. Right ventricular dysfunction is superior and sufficient for risk stratification by a pulmonary 

embolism response team. J Thromb Thrombolysis. 2020;49(1):34-41. 



Biomarkers



BNP: sensitive for mortality, not specific

1. Coutance G, Le Page O, Lo T, Hamon M. Prognostic value of brain natriuretic peptide in acute pulmonary embolism. Crit Care. 2008;12(4):R109. 



BNP: sensitive for mortality, not specific

1. Coutance G, Le Page O, Lo T, Hamon M. Prognostic value of brain natriuretic peptide in acute pulmonary embolism. Crit Care. 2008;12(4):R109. 



High troponin levels predict problems

Konstantinides S, Geibel A, Olschewski M, Kasper W, Hruska N, Jackle S, Binder L. Importance of cardiac troponins I and T in risk 

stratification of patients with acute pulmonary embolism. Circulation. 2002;106(10):1263-1268.

<0.07 >1.5 <0.07 >1.5 <0.07 >1.5



High Troponin, BNP: 2X hazard ratio

1. Becattini C, Agnelli G, Maggioni AP, et al. Contemporary Management and Clinical Course of Acute Pulmonary Embolism: The 

COPE Study. Thromb Haemost. 2023;123(6):613-626. 



Troponin: absolute increase in risk 

may be modest

1. Becattini C, Agnelli G, Maggioni AP, et al. Contemporary Management and Clinical Course of Acute Pulmonary Embolism: The 

COPE Study. Thromb Haemost. 2023;123(6):613-626. 

Trop (+) and RVD

Trop (+) or RVD

Trop (-), no RVD



CT Imaging



Emboli load or proximity

1. Bach, et al. 2015

3. Venkatesh, et al. 2010

6. Chaosuwannakit, et al. 2021

8. Aramberri, et al. 2022



CT clot burden doesn’t 

predict 30d mortality 

A.G. Bach et al. / European Journal of Radiology xxx (2014) xxx–xxx 



Emboli load or proximity

Does predict mortality6,3

(weakly)

Doesn’t predict mortality1,4,8

6. Chaosuwannakit, et al. 2021

3. Venkatesh, et al. 2010

1. Bach, et al. 2015

4. Atasoy, et al. 2015

8. Aramberri, et al. 2022



Right ventricular dilatation

(RV/LV > 1)

3. Venkatesh, et al. 2010
6. Chaosuwannakit, et al. 2021



CT RV findings don’t 

predict 30d mortality 

1. A.G. Bach et al. / European Journal of Radiology xxx (2014) xxx–xxx 



Right ventricular dilatation

Does predict mortality2,6,5 Doesn’t predict mortality1,3,4

2. Singanayagam, et al. 2010

6. Chaosuwannakit, et al. 2021

5. Kumamaru, et al. 2016

1. Bach, et al. 2015

3. Venkatesh, et al. 2010

4. Atasoy, et al. 2015



Septal deviation

6. Chaosuwannakit, et al. 2021

Normal Flat Concave

3. Venkatesh, et al. 2010



Septal deviation

Does predict mortality4 Doesn’t predict mortality1,3,4,6

6. Chaosuwannakit, et al. 2021 1. Bach, et al. 2015

3. Venkatesh, et al. 2010

4. Atasoy, et al. 2015

5. Kumamaru, et al. 2016

Mortality

  0%

10%

33%



Septal deviation

Does predict mortality4

6. Chaosuwannakit, et al. 2021

Normal Grade 2 Grade 3



Pulmonary artery enlargement

(PA diameter or PA:Ao ratio)

1. Bach, et al. 2015 6. Chaosuwannakit, et al. 2021



PA diameter might

predict 30d mortality 

1. A.G. Bach et al. / European Journal of Radiology xxx (2014) xxx–xxx 

2 mm (6.6%) 

difference



Pulmonary artery enlargement

Does predict mortality1,5,6

Doesn’t predict mortality
1. Bach, et al. 2015

5. Kumamaru, et al. 2016

6. Chaosuwannakit, et al. 2021

No studies



IVC Reflux

(contrast in IVC +/- hepatic vein)

1. Bach, et al. 2015

6. Chaosuwannakit, et al. 2021



Normal flow from SVC and IVC into RA

1. Parikh JD, Kakarla J, Keavney B, O'Sullivan JJ, Ford GA, Blamire AM, Hollingsworth KG, Coats L. 4D flow MRI assessment of 

right atrial flow patterns in the normal heart - influence of caval vein arrangement and implications for the patent foramen ovale. 

PLoS One. 2017;12(3):e0173046. 

Nearly 

no 

reflux

systole

diastole

systole
diastole



You can measure IVC reflux

1. Bach AG, Nansalmaa B, Kranz J, Taute BM, Wienke A, Schramm D, Surov A. CT pulmonary angiography findings that predict 30-

day mortality in patients with acute pulmonary embolism. Eur J Radiol. 2015;84(2):332-337.



IVC reflux
Subclavian vein

Superior 

Vena Cava

Right Atrium

Inferior Vena 

Cava

Hepatic Vein



IVC Reflux

Does predict mortality1,5,6

Doesn’t predict mortality

1. Bach, et al. 2015

5. Kumamaru, et al. 2016

6. Chaosuwannakit, et al. 2021

4. Atasoy, et al. 2015
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Potential Interventions



Therapies beyond anticoagulation

• Systemic fibrinolysis

• Catheter-based fibrinolysis

• Catheter embolectomy



Therapies beyond anticoagulation

• Systemic fibrinolysis

• Catheter-based fibrinolysis

• Catheter embolectomy



Systemic fibrinolytics for submassive PE?

• No difference from anticoagulation in

– 7-day mortality

– Prolonged hospitalization

– Rehospitalization

– 30-day mortality

• Less hemodynamic decompensation (1.6% vs 5.0%)

– Death from hemodynamic decompensation similar (0.2% vs 

0.6%)

• Major bleeding was 5 times as high (11.5% vs 2.4%)

• Stroke was 12 times as high (2.4% vs 0.2%). 

1. Meyer G, Vicaut E, Danays T, et al. Fibrinolysis for patients with intermediate-risk pulmonary embolism. N Engl J Med. 2014;370(15):1402-1411. 



Therapies beyond anticoagulation

• Systemic fibrinolysis

• Catheter-based fibrinolysis

• Catheter embolectomy





Catheter fibrinolytics for submassive PE?

1. Kucher N, Boekstegers P, Muller OJ, et al. Randomized, controlled trial of ultrasound-assisted catheter-directed 

thrombolysis for acute intermediate-risk pulmonary embolism. Circulation. 2014;129(4):479-486

No difference in mortality



RV/LV ratio

1. Kucher N, Boekstegers P, Muller OJ, et al. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for 

acute intermediate-risk pulmonary embolism. Circulation 2014;129:479-86. 

Cut off



Therapies beyond anticoagulation

• Systemic fibrinolysis

• Catheter-based fibrinolysis

• Catheter embolectomy



Catheter directed thrombectomy

FlowTreiver

• FlowTreiver catheters

– 6-10mm, 11-14 mm, 15-18 mm

• Quick aspiration into syringe

• Repeat as needed

Indigo: Extract-PE study2

• Indigo catheter

– 8-F (2.67 mm)

• Sustained aspiration with pump

• Repeat as needed

1. Tu T, Toma C, Tapson VF, et al. A Prospective, Single-Arm, Multicenter Trial of Catheter-Directed Mechanical Thrombectomy for Intermediate-

Risk Acute Pulmonary Embolism: The FLARE Study. JACC. Cardiovascular interventions. 2019;12(9):859-869. 

2. Sista AK, Horowitz JM, Tapson VF, et al. Indigo Aspiration System for Treatment of Pulmonary Embolism: Results of the EXTRACT-PE Trial. 

JACC. Cardiovascular interventions. 2021;14(3):319-329. 



Catheter directed thrombectomy

FlowTreiver: FLARE study1

• Heparin infusion

• 0.035-inch wire into PA

• 20-F aspiration guide catheter

• FlowTreiver catheters

– 6-10mm, 11-14 mm, 15-18 mm

• Quick aspiration into syringe

• Repeat as needed

1. Tu T, Toma C, Tapson VF, et al. A Prospective, Single-Arm, Multicenter Trial of Catheter-Directed Mechanical Thrombectomy for Intermediate-

Risk Acute Pulmonary Embolism: The FLARE Study. JACC. Cardiovascular interventions. 2019;12(9):859-869. 

2. Sista AK, Horowitz JM, Tapson VF, et al. Indigo Aspiration System for Treatment of Pulmonary Embolism: Results of the EXTRACT-PE Trial. 

JACC. Cardiovascular interventions. 2021;14(3):319-329. 



RV:LV ratio and PAP improve, 

but do not normalize

1. Tu T, Toma C, Tapson VF, et al. A Prospective, Single-Arm, Multicenter Trial of Catheter-Directed Mechanical Thrombectomy for Intermediate-

Risk Acute Pulmonary Embolism: The FLARE Study. JACC. Cardiovascular interventions. 2019;12(9):859-869. 

2. Sista AK, Horowitz JM, Tapson VF, et al. Indigo Aspiration System for Treatment of Pulmonary Embolism: Results of the EXTRACT-PE Trial. 

JACC. Cardiovascular interventions. 2021;14(3):319-329. 



Risks

1. Tu T., et al. A Prospective, Single-Arm, Multicenter Trial of Catheter-Directed Mechanical Thrombectomy for Intermediate-Risk 

Acute Pulmonary Embolism: The FLARE Study.  JACC Cardiovasc Interv. 12(9) 2019 



• Heparin infusion

• 0.035-inch wire into PA

• 20-F aspiration guide catheter

• FlowTreiver catheters

– 6-10mm, 11-14 mm, 15-18 mm

• Quick aspiration into syringe

• Repeat as needed

Catheter directed thrombectomy

FlowTreiver: FLARE study1 Indigo: Extract-PE study2

• Heparin infusion

• 0.035-inch wire into PA

• 8 F sheath (?)

• Indigo catheter

– 8-F (2.67 mm)

• Sustained aspiration with pump

• Repeat as needed

1. Tu T, Toma C, Tapson VF, et al. A Prospective, Single-Arm, Multicenter Trial of Catheter-Directed Mechanical Thrombectomy for Intermediate-

Risk Acute Pulmonary Embolism: The FLARE Study. JACC. Cardiovascular interventions. 2019;12(9):859-869. 

2. Sista AK, Horowitz JM, Tapson VF, et al. Indigo Aspiration System for Treatment of Pulmonary Embolism: Results of the EXTRACT-PE Trial. 

JACC. Cardiovascular interventions. 2021;14(3):319-329. 



Catheter embolectomy for submassive PE?

1. Tu T, Toma C, Tapson VF, et al. A Prospective, Single-Arm, Multicenter Trial of Catheter-Directed Mechanical Thrombectomy for Intermediate-

Risk Acute Pulmonary Embolism: The FLARE Study. JACC. Cardiovascular interventions. 2019;12(9):859-869. 

2. Sista AK, Horowitz JM, Tapson VF, et al. Indigo Aspiration System for Treatment of Pulmonary Embolism: Results of the EXTRACT-PE Trial. 

JACC. Cardiovascular interventions. 2021;14(3):319-329. 

RV improves but does not become normal



Risks

1. Tu T., et al. A Prospective, Single-Arm, Multicenter Trial of Catheter-Directed Mechanical Thrombectomy for Intermediate-Risk 

Acute Pulmonary Embolism: The FLARE Study.  JACC Cardiovasc Interv. 12(9) 2019 



Hemoptysis after Embolectomy



How to decide?

• No technique works perfectly

• Most techniques improve PE

• Time to improvement differs



Ask yourself

• Can my patient make it

– five days before improvement?

– one day before improvement?

– a few hours before improvement?

– no time at all before improvement?



How fast they work

Method

• Heparin

• Catheter fibrinolysis

• Systemic fibrinolysis

• Catheter embolectomy

Time to resolution

• 5 days

– 1/2 complete in 24 hours

• 24 hours

• 2 hours

• ½ - 1 hour



Thank you!
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