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Annual incidence
– United States: 69 per 100,000/year1

– Over 600,000 cases annually2

– 1-2 PE episodes per 1000 people, up to 10 per 1000 in the elderly 
population3-6

Venous thromboembolism3

– PE commonly originates from lower limb deep vein thrombosis (DVT) 
– 79% of patients presenting with PE have evidence of DVT 
– PE occurs in up to 50% of patients with proximal DVT

1. Silverstein et al. Arch intern Med 1998;158:585‐93.
2. Wood et al. Chest 2002;121:877‐905. 

3. Tapson. N Engl J Med 2008;358(10):1037‐1052.
4. Geering et al. CMAJ 2012; 184(3):305‐310

5. Chunilal et al. JAMA 2003;290:2849–58
6. Siccama et al. Ageing Res Rev 2011;10:304–13



Patient risk stratification (per AHA Scientific Statement 20111)

Massive PE Submassive PE Minor/Nonmassive PE
High risk Moderate/intermediate risk Low risk

– Sustained hypotension (systolic BP 
<90 mmHg for 15 min)

– Inotropic support
– Pulselessness
– Persistent profound bradycardia 

(HR <40 bpm with signs or 
symptoms of shock)

– Systemically normotensive 
(systolic BP 90 mmHg)

– RV dysfunction
– Myocardial necrosis

– Systemically normotensive 
(systolic BP 90 mmHg)

– No RV dysfunction
– No myocardial necrosis

RV dysfunction
– RV/LV ratio > 0.9 or RV systolic dysfunction on echo
– RV/LV ratio > 0.9 on CT
– Elevation of BNP (>90 pg/mL)
– Elevation of NTpro-BNP (>500 pg/mL)
– ECG changes: 

– new complete or incomplete RBBB
– anteroseptal ST elevation or depression
– anteroseptal T-wave inversion

Jaff et al. Circulation 2011;123(16):1788-1830 Quiroz et. al. Circulation. 2004;109:2401-2404.



Massive PE [High risk]
5% PE population

58%1 mortality @ 3 monthsMinor PE [Low risk]
55% PE population

Good prognosis
Low mortality rate

Submassive PE [Moderate / 
Intermediate risk]

40% PE population
2-3%2,3 mortality to 

21%1 mortality @ 3 months
1. Goldhaber et al. Lancet 1999;353:1386-1389
2. Meyer et al. New Engl J Med 2014; 370: 1402-11
3. Casazza et al. Thrombosis Research 2012; 130:847-852



 The presence of right ventricular dysfunction 
(RVD) is a predictor of poor patient outcomes

 Mortality
 Adverse events
 VTE recurrence



Patients with RVD defined as RV/LV >0.9 have a greater chance of 
adverse events within 30 days

̶ Retrospective analysis of 63 
patients with chest CT

̶ Adverse event rate at 30 days: 
̶ 80.3% if RV/LV ratio > 0.9
̶ 51.3% if RV/LV ratio ≤ 0.9

Quiroz et. al. Circulation. 2004;109:2401-2404



Presence of RV hypokinesis associated with 57% increase in mortality 
rate at 3 months 

− Prospective study of 2,454 
consecutive PE patients at 52 
hospitals in 7 countries

Mortality rate at 3 months:
 21% with hypokinesis
 15% with no hypokinesis

Goldhaber, S et al, Acute pulmonary embolism:  clinical outcomes in the International Cooperative Pulmonary Embolism Registry (ICOPER), Lancet 1999; 353: 1386-89.





 Anticoagulation
 Unfractionated heparin 
 Enoxaparin (LMWH)
 Sodium Warfarin

Goal is to help prevent thrombus propagation



REDUCE THROMBUS BURDEN (not achievable by anticoagulaton
alone)
– Reverse RV afterload / failure toward prevention of hemodynamic 

collapse
– Improve pulmonary reperfusion/capillary blood flow / gas exchange 
– Restore systemic arterial perfusion pressure
– Decrease the risk of developing chronic pulmonary hypertension

Piazza and Goldhaber. Finbrinolysis for acute pulmonary embolism. Vascular Medicine 2010 15(5):419-428 



 Systemic thrombolysis 

 Catheter‐directed thromboysis (CDT)

 Acoustic pulse thrombolysis









 Pulmonary Embolus Response Team

 Multi‐disciplinary approach
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 Identification of patients with massive or 
submassive PE

 PERT team notified
 McLaren Bay Region Transfer Center
 ER

 Cath lab / hybrid team mobilized

Available 24 hours per day



Sample Hospital Algorithm for Pulmonary Embolism

ED presentation with Probable PE

Initiate Heparin Therapy if NO 
contraindications

CT or ECHO confirms PE Diagnosis

E c h o ,   E KG ,   Tr o p o n i n ,   B N P   i n   A L L P E   P a t i e n t s

ABSENCE  of MASSIVE  or 
SUBMASSIVE  Finding Shock, Hypotensive,  PEA = MASSIVE 

Heparin / 
Equivalent 
Therapy

Thrombolytic Therapy Contraindications
Absolute
‐PMH Hemorrhagic Stroke
‐Active intracranial Neoplasm
‐Recent (<2months ) intracranial surgery or 
trauma
Relative
‐Bleeding Diathesis
‐Uncontrolled Severe HTN (S>200 or D> 100)
‐Surgery Previous 10 days
‐Thrombocytopenia

Candidate for Lytic Therapy?

Consider:
 Ultrasound Assisted 

Thrombolysis   

AAnticoagulation 

NO YES

Consider:  
>  IVC Filter
> Surgical Embolectomy

Consider:
> Systemic Thrombolytic 
Therapy
> Catheter based lytics
If relative systemic is 
contraindicated

version 7

Available 24 hours per day



 Acoustic pulse thrombolysis initiated

 Patients maintained in ICU for close 
hemodynamic monitoring

 Discharged on anticoagulation with follow up 
ECHO/CTA in 6‐8 weeks



All in an in effort to decrease the complications 
of chronic thromboembolic pulmonary 
hypertension
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