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OBJECTIVES

1. Review the epidemiology and pathophysiology of VTE

2. Discuss the risk stratification of PE and DVT

3. Apply evidence- and pathophysiology-based strategies 
to manage PE patients
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Association Between Black Race, Clinical Severity, and Management of PE

Phillips AR, et al. J Am Heart Assoc. 2021;10:e021818
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US Mortality Trends in Patients with High-Risk PE

Zuin M, et al. Thromb Res. 2023;228:72
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US Mortality Trends in Early Adults with PE

Zuin M, et al. Am J Cardiol. 2023;202:169
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When Innovation Fails: Barriers to Health Equity

Piazza G. J Thromb Haemost. 2024;22:1838
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Pathophysiology of PE

Piazza G. J Am Coll Cardiol. 2020;76:2117
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Long-Term Complications of PE and DVT

Klok FA, et al. Blood Reviews 2014; 28: 221
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Case No. 1

A 78-year-old man with colon cancer status post 
colectomy presents with sudden onset pleuritic pain, 
dyspnea, and right ankle edema.

He is tachycardic to 118 bpm, normotensive at 
100/62 mmHg, and hypoxemic with an O2 saturation 
of 90% on room air.

His high sensitivity cardiac troponin T is increased.

He undergoes chest CT angiography to assess for PE.
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Question No. 1

In which risk category would you place this patient?
a) Low-risk PE
b) Intermediate-low-risk PE
c) Intermediate-high-risk PE
d) High-risk PE
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Question No. 1

In which risk category would you place this patient?
a) Low-risk PE
b) Intermediate-low-risk PE
c) Intermediate-high-risk PE
d) High-risk PE

Explanation: normal systemic blood pressure and two markers of 
RV dysfunction distinguishes intermediate-high-risk PE.
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Spectrum of Disease

High-Risk (Massive) PE (~5%)

• Hypotension, syncope, cardiogenic shock, cardiac arrest 

• Respiratory failure

• Often fatal if aggressive care not instituted

Catastrophic PE (<1%)

• “Super-massive PE”

• Refractory cardiogenic shock

• Ongoing CPR

Intermediate-Risk (Submassive) PE (~25%)

• Normotensive

• Right ventricular (RV) dysfunction is present

• Increased risk of adverse outcomes

Low-Risk PE (~70%)

• Normotensive

• Normal RV function

• Excellent prognosis with anticoagulation alone
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RV Enlargement on CT Predicts Increased 30-Day Mortality

Schoepf UJ, et al. Circulation 2004;110:3276
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Echocardiographic Assessment of RV in PE

Konstantinides SV, et al. Eur Heart J. 2019; 00:1
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Clot-Burden: PE Outcomes

Furlan A, et al. Radiology. 2012;265:283-293
Minhas J, et al. Circ Cardiovasc Imaging. 2021;14:e012347
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Risk Stratification for PE

Piazza G. J Am Coll Cardiol. 2020;76:2117
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Risk Stratification Recommendations

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561
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Risk Stratification for Acute DVT

Acute DVT

Iliofemoral DVT Non-iliofemoral DVT

Consider catheter-
assisted fibrinolysis 

“Pharmacomechanical 
Therapy”

Therapeutic 
anticoagulation and 

compression 
stockings

https://econtent.hogrefe.com/doi/10.1024/0301-1526/a000894
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Case No. 2

A 39-year-old woman with obesity, type 2 diabetes, 
and hypertension presents with right leg edema and 
pain 1 week after cholecystectomy for gallstones.

She admits to being quite sedentary post-operatively 
and has mostly been binge-watching her favorite 
streaming shows.

Venous ultrasound demonstrates right femoral DVT.



22

Question No. 2

Which of the following is the most appropriate next step in management?
a) Start enoxaparin 120 mg twice daily
b) Start dabigatran 150 mg twice daily
c) Start rivaroxaban 15 mg twice daily for 3 weeks then switch to 20 mg 

daily
d) Start edoxaban 90 mg once daily
e) Start apixaban 2.5 mg twice daily
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Question No. 2

Which of the following is the most appropriate next step in management?
a) Start enoxaparin 120 mg twice daily
b) Start dabigatran 150 mg twice daily
c) Start rivaroxaban 15 mg twice daily for 3 weeks then switch to 20 mg 

daily
d) Start edoxaban 90 mg once daily
e) Start apixaban 2.5 mg twice daily
Explanation: Rivaroxaban 15 mg twice daily for 3 weeks then 20 mg daily is 
the only correct FDA-approved regimen listed for acute DVT.
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Immediate Anticoagulation for PE: Lessons from PE 
Response Team Registries

Chopard R, et al. J Thromb Thrombolysis. 2022;54:449

Prucnal CK, et al. Acad Emerg Med. 2020;27:117 
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Efficacy and Safety of DOACs for VTE Treatment: Meta-
Analysis

van der Hulle T, et al. J Thromb Haemost. 2014;12:320
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Comparative effectiveness DOAC vs LMWH for VTE in cancer

CANVAS Pragmatic Trial

Schrag D, et al. JAMA. 2023;329:1924
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Anticoagulation for Acute PE: Evidence-Based Guideline 
Recommendations

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561
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Advanced Therapies

Fibrinolysis

Catheter-Directed Therapy

Surgical Embolectomy 

Mechanical Circulatory Support

IVC Filter
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Advanced Therapies for Acute PE: Evidence-Based Guideline Recommendations

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561



30

Systemic Fibrinolysis

Chatterjee S, et al. JAMA 2014;311:2414
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FORPE: Non-immunogenic Recombinant Staphylokinase 
versus Alteplase for High-Risk PE
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Kirienko AI, et al. J Thromb Haemost. 2025;23:657 
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Systemic Fibrinolysis: A Role in Today’s Landscape

Henkin S, Piazza G. J Thromb Haemost. 2025; in press.
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Ultrasound-Facilitated Catheter-Directed Fibrinolysis

Kucher N, et al. Circulation 2014;129:479

Piazza G, et al. JACC Cardiovasc Interv. 2015;8:1382
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Overcoming the Hurdle of Intracranial Hemorrhage

Study Intracranial Hemorrhage 
(Fibrinolysis Group)

ICOPER
(Goldhaber SZ, et al. 1999)

9/304 (3.0%)

PEITHO 
(Meyer G, et al. 2014)

10/506 (2.0%)

ULTIMA
(Kucher N, et al. 2013)

0/30 (0%)

SEATTLE II
(Piazza G, et al. 2015)

0/150 (0%)
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The SEATTLE II Paradox

Change in RV/LV Diameter Ratio Change in Angiographic Obstruction

Piazza G, et al. JACC Cardiovasc Interv. 2015;8:1382

While most patients have normalization of RV size on chest CT, the average 
observed reduction in angiographic obstruction (modified Miller score) is only 
30%.  
This paradox suggests that symptomatic improvement and reduction in RV size 
may be achieved by mechanisms in addition to reduction in proximal 
pulmonary artery obstruction. 
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SEATTLE-3D: Correlating the Change in RV Volume to 
Vascular Response
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OPTALYSE-PE: Long-Term Recovery

Piazza G, et al. Circ Cardiovasc Interv. 2020; 13:e009012
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HI-PEITHO: Randomized Controlled Trial
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KNOCOUT-PE Prospective Cohort: Safety in 489 
Real-World Patients Undergoing US-Facilitated CDT

Major Bleeding

• 1.8% (comparable to mechanical thrombectomy)

Intracranial Hemorrhage

• 0%

Access Site Bleed

• 0.8%

Sterling K, et al. Circ Cardiovasc Interv. 2024 Jan 24:e013448
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RESCUE, SUNSET sPE, and CANARY: CDT Trials
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Aspiration Embolectomy with the FlowTriever: FLARE

Prospective, multicenter, single-arm study 
evaluating the FlowTriever System in 106 patients 
with acute PE.

Patients with proximal PE and RV/LV ratio≥0.9 
were eligible to participate.  

3.8% rate of major adverse events.

PEERLESS 2 will provide more data.

1.53
1.15

p<0.0001

-0.39

Tu T, et al. JACC: Cardiovasc Interv. 2019;12:859
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Mechanical Thrombectomy in High-Risk PE: FLAME 
Registry 

Silver MJ, et al. Circ Cardiovasc Interv. 2023;16:e013406
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Ultrasound-Facilitated, Catheter-Based Fibrinolysis vs 
Mechanical Thrombectomy

REAL-PE

Monteleone P, et al. JSCAI. 2023; in press
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PEERLESS: No Difference in Clinical Outcomes

Jaber W, et al. Circulation. 2024; epub ahead of print

Removing escalation to bailout patients 
(because of bias against CDT), there is no 
statistical difference (LBMT vs. CDT: 4 vs 10 
patients; Fisher’s Exact 0.17).
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PEERLESS: No Difference in Major Bleeding

Jaber W, et al. Circulation. 2024; epub ahead of print
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Thrombus Aspiration for Acute PE: EXTRACT-PE

Prospective, multicenter, single-arm study 
evaluating the Indigo Aspiration System in 119 
patients with acute PE.

Patients with proximal PE and RV/LV ratio≥0.9 
were eligible to participate.  

1.7% rate of major adverse events.

STRIKE-PE and STORM-PE will provide more 
data.

-27%

1.7%

Sista A, et al. JACC Cardiovasc Interv. 2021;14:319
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PE-TRACT: An NIH-Funded Trial

https://evtoday.com/articles/2021-july/the-importance-of-the-pe-tract-trial
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Current Approaches to Catheter-Based Therapy
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Surgical Embolectomy

Leacche M, et al. J Thorac Cardiovasc Surg 2005;129:1018

https://www.youtube.com/watch?v=SzsQWIMYbN8

Surgical embolectomy requires a median sternotomy and 
cardiopulmonary bypass.



50



51

ECMO for Catastrophic PE

20 years of case reports and series of PE 
patients treated with ECMO demonstrate 
70% survival.

Survival rates are similar whether ECMO 
was used alone or with another advanced 
therapy.

Veno-arterial (VA) ECMO has been used 
effectively to bridge to surgical or 
catheter embolectomy or simply to “buy 
time.”

Yusuf HO, et al. Perfusion 2015;30:611
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Inferior Vena Cava Filters

Bikdeli B, et al. J Am Coll Cardiol. 2017;70:1587

Ahmed O, et al. CHEST. 2017;151:1402
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PE Response Teams

Konstantinides SV, et al. Eur Heart J. 2019; 00:1
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ATTRACT Trial: Pharmacomechanical Therapy for Iliofemoral and 
Femoral DVT

End Points

Rate of PTS QOL Safety Cost-Effectiveness

Long-Term Therapy
Anticoagulation Compression Stockings

Randomization (1:1)
Standard Therapy Pharmacomechanical Therapy

Acute Symptomatic Iliofemoral or Femoral DVT
Target N = 692 patients

http://www.attract.wustl.edu/dvt-study-overview
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Pharmacomechanical Therapy for DVT: ATTRACT

Vedantham S, et al. N Engl J Med 2017; 377:2240
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Case No. 3

A 82-year-old man with obesity, coronary artery 
disease, and carotid artery disease presents with 
right-sided pleuritic pain and dyspnea.

He denies any recent trauma, surgery, or immobility.

His heart rate is 108 bpm, blood pressure 148/72 
mmHg, and O2 saturation 89% on room air.

His high sensitivity cardiac troponin T is normal.

He undergoes CT angiography.
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Question No. 3

The patient is admitted and started on heparin with a goal PTT of 60-80 seconds.  He 
improves steadily and is ready for discharge 4 days later.  Which is the preferred 
regimen for oral anticoagulation in this patient?
a) Warfarin with an INR target of 2-3 for 12 months then 1.5-2 thereafter
b) Apixaban 5 mg twice daily for 6 months and then 2.5 mg twice daily indefinitely
c) Dabigatran 150 mg twice daily for 6 months and then 75 mg twice daily 

indefinitely
d) Enoxaparin 120 mg twice daily indefinitely
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Question No. 3

The patient is admitted and started on heparin with a goal PTT of 60-80 seconds.  He 
improves steadily and is ready for discharge 4 days later.  Which is the preferred 
regimen for oral anticoagulation in this patient?
a) Warfarin with an INR target of 2-3 for 12 months then 1.5-2 thereafter
b) Apixaban 5 mg twice daily for 6 months and then 2.5 mg twice daily indefinitely
c) Dabigatran 150 mg twice daily for 6 months and then 75 mg twice daily 

indefinitely
d) Enoxaparin 120 mg twice daily indefinitely

Explanation: For unprovoked VTE, indefinite duration anticoagulation is recommended.  Low-intensity 
apixaban offers the best safety and efficacy of the options given for this patient.
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Risk of Recurrence: ISTH and ESC Guidelines

Kearon C, et al. J Thromb Haemost 2016; 14: 1480 
Konstantinides SV, et al. Eur Heart J. 2019; 00:1
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Extended Secondary Prevention for All VTE: EINSTEIN 
CHOICE

Weitz JI, et al. N Engl J Med 2017;376:1211
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HI-PRO Trial: 600 High-Risk Patients with Provoked VTE

Bikdeli B, et al. Thromb Haemost. 2022;122:1061
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Shared Decision-Making: Patient Preferences and Attitudes 
Toward Bleeding and VTE Recurrence

Concern for VTE Recurrence

Cost
Lifestyle Implications
Concern for Bleeding

Extended Therapy

Limited Therapy
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Bleeding Risk Must Be Part of the Equation

Klok FA, et al. Br J Haematol. 2018; 183: 457
Brown JD, et al. JAHA. 2018; 7: e007901
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A Cautionary Note on Indefinite Anticoagulation: A 
Canadian Cost-Effectiveness Study

In a hypothetical cohort of 1000 patients with a first unprovoked VTE, indefinite 
vs. time-limited anticoagulation

Khan F, et al. Ann Intern Med. 2023;176:949
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Optimal Duration of Anticoagulation: Guideline-Based Care

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561
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Follow-Up Care for PE

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561
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Lifestyle Modification

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561
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Lifestyle Modification

Zuin M, et al. J Am Coll Cardiol. 2024;84:1561
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KEY TAKE HOME POINTS

1. Risk stratification is critical to identify VTE patients who may benefit 
from advanced therapy.

2. Selection of advanced therapies depends on assessment of the 
patient’s risk of adverse outcomes and major bleeding.

3. Determining the optimal anticoagulation regimen should consider 
risk of recurrence, risk of bleeding, and patient preference.
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