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PE Mortality 
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High PE mortality 
High re-admission rates 
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PE risk stratification 
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RV Dysfunction/ Tn Elevation Combo in PE:   
Prognosis (n=1,273) 
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MINOR PE 



Chest 2002; 121: 878 



Chest 2002; 121: 878 



Normotensive PE with RV dysfunction 

(ie  Submassive) up to 30% 

mortality!!! 

        thus 

Relying soley on BP may fail to 

identify key prognostic features and 

delay more appropriate therapy 

Chest 2002; 121: 878 
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Why submassive PE patients are at risk:   
Hemodynamic collapse in acute PE 

 



15 

Why treat intermediate risk PE  
patients aggressively? 
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Adverse outcomes associated with RVD  
3x higher in-hospital mortality 

―



17 

Adverse outcomes associated with RVD 
Increased mortality at 3 months 
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Adverse outcomes associated with RVD 
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Adverse outcomes with unresolved RVD  
8 x incidence of recurrent VTE  

―

Figure: Cumulative incidence of recurrent venuous thromboembolism. RVD indicated right ventricular dysfunction.  
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Standard PE therapy 
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Rationale for thrombolysis in acute PE 
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IV thrombolysis with tPA 
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Meta-analysis suggests reduced risk of recurrent PE or 
death from thrombolysis compared with heparin 
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Meta-analysis suggested thrombolysis  
was associated with lower mortality for 

intermediate-risk PE, recurrent PE 
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Lysis in submassive PE  
Mortality meta-analysis 
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Review and meta-analysis on systemic 
thrombolysis for PE weighed risks and benefits  



PEITHO Trial 
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RCT examined benefit of IV thrombolysis  
in intermediate-risk PE 
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IV thrombolysis reduced the risk  
of hemodynamic collapse 

Tenecteplase 
(n=506) 

Placebo 
(n=499) 

P value 
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But the benefit of lysis came at the cost  
of major bleeds (including ICH) 

Tenecteplase 
(n=506) 

Placebo 
(n=499) 

P value 
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Adoption of IV thrombolysis hampered  
by elevated risk of severe bleeds 
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IV thrombolysis—limited drug delivery  
to thrombus  



Catheter Techniques:  
“Pharmaco-mechanical” Therapy 

Mechanical Fragmentation 

Hydrodynamic (AngioJet®) 

Ultrasound-Accelerated Fibrinolysis 
(EKOS®) 

Suction Embolectomy (AngioVac®) 
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Catheter-based thrombolysis 

―
―

―



34 

EkoSonic® Endovascular System 



Ultrasound Accelerated Thrombolysis 

The premise:  Low-power ultrasound energy loosens fibrin strands, increases 
thrombus surface area, enhances lytic penetration, speeding thrombolysis, and 

facilitates reduction in fibrinolytic drug dose. 

Fibrin without 

Ultrasound 
Fibrin With 

Ultrasound 
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Review of the clinical evidence for  
EKOS® for the treatment of PE 
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ULTIMA study  
Comparing EKOS® to heparin in  

intermediate risk PE therapy 
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ULTIMA study  
Comparing EKOS® to heparin in intermediate risk PE therapy 

Patients: Acute PE with RV/LV ≥ 1.0 

•
•
•
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Greater RVD reduction with EKOS®  
with tPA + heparin than with heparin alone  

1.28 

.99 

1.20 1.17 

0.30 
0.35 

0.24 
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More improved echo findings from  
EKOS® with tPA + heparin than  

heparin alone  

SYSTOLIC RV DYSFUNCTION SIGNIFICANTLY IMPROVED 

EKOS® with tPA + Heparin Heparin 
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No statistical difference in safety  
Outcomes  

No Deaths Or Significant Bleeding Complications 
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ULTIMA study 
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SEATTLE II Study 
Examined EKOS® benefit in a clinical trial setting in the US 
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SEATTLE II Study 
Patient characteristics and treatment details 

 

 

 

N % 



Reduced RV/LV ratio and Modified Miller Score at 48 
hours post-EKOS® 

45 

1.55 

1.13 

22.5 

15.8 
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Reduced pulmonary artery pressure immediately 
post-procedure 

51.4 

37.5 36.9 
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Zero cases of intracranial hemorrhage reported in 
the study 
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Zero cases of intracranial hemorrhage reported in 
the study 

Minimized Risk of Intracranial hemorrhage 
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SEATTLE II study 
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Metanalysis showed consistent  
recovery of hemodynamics among  

patients treated using EKOS® 

―

First author and year of 
publication 

No. of 
patients 

Patients with 
high-risk PE 

Total rt-PA 
dose (mg) 

Total 
thrombolysis 
duration (h) 

RV/LV ratio 
Mean pulmonary artery 
pressure (mmHg) 



51 

Metaanalysis demonstrated a favorable safety profile 
among patients treated using EKOS® 

−

First author and year of 
publication 

No. of 
patients 

Patients with 
high-risk PE 

Total rt-PA 
dose (mg) 

Total thrombolysis 
duration (h) 

Bleeding Complications Mortality at 3 
months 
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Provoked vs Unprovoked
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VTE Recurrence Risk 



Gender

NEJM 2004;350:2558-2563

VTE Recurrence Risk - Gender 



VTE due to transient risk factor 

Man with PE 
Man with DVT 

Woman with PE 

Woman with DVT, not hormones 

Woman with DVT or PE, hormones 

Long-term 

3 months 

Other considerations: Bleeding, fluctuating INRs, lifestyle impact, pt preference  
Other risk factors for recurrence: Obesity?; age?  
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How Long to take AC ? 



Antithrombotic Therapy for VTE 
 

CHEST Guidelines 2016 



Duration of Therapy 

Proximal DVT 
or PE 

Provoked 

3 months 

Unprovoked 

Low to 
moderate 
bleeding 

risk 

Extended 
therapy 

High 
bleeding 

risk 

3 months 

Isolated 
Distal DVT 

Mild 
symptoms or 
high bleeding 

risk 

Serial 
imaging x2 

weeks 

Extending 
thrombus 

Anticoagulate 

Severe 
symptoms or 

risk for 
extension 

Anticoagulate 

Cancer-
associated 

Extended 
therapy 

Upper 
extremity DVT 

Anticoagulate 



Conclusions 

 
• Pulmonary embolism carries high morbidity and mortality. 
 
• Quick recognition of massive PE allows for application of 

rapid effective treatment to prevent complications and reduce 
mortality. 

 
• RV dysfunction on echo/CT and the presence of a DVT are a 
“high risk” groups within the submassive category 
 
 



Conclusions 

 
• To date, thrombolysis of any kind has yet to prove mortality 

benefit in submassive PE in RCT. 
 

• Ultrasound accelerated thrombolysis appear to have less 
bleeding risks with improvement in hemodynamic parameters 
 

• Ultrasound accelerated thrombolysis uses less lytic, may 
reduce mortality, and thus may have a role in the “high risk” 
submassive PE patients 
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