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Death From Pulmonary EmbolismDeath From Pulmonary Embolism

““ The greatest risk to life of the patient with The greatest risk to life of the patient with 
acute PE occurs during the initial minutes acute PE occurs during the initial minutes 
to hours after the arrival of the embolus in to hours after the arrival of the embolus in 
the pulmonary vascular bed.the pulmonary vascular bed.””

Alpert and Dalen.  Alpert and Dalen.  ProgProg CardiovascCardiovasc DisDis 1994;XXXVI:417.1994;XXXVI:417.

Moser KM.  Am Rev Moser KM.  Am Rev RespirRespir DisDis 1990;141:235.1990;141:235.



Traditional Therapy For PETraditional Therapy For PE

Standard therapy has been conservative Standard therapy has been conservative 
with standard anticoagulation protocols with standard anticoagulation protocols 
using heparin and symptomatic supportusing heparin and symptomatic support

Adjunctive IVC filter placementAdjunctive IVC filter placement



DVT and PE Treatment PlanDVT and PE Treatment Plan

IVC FilterIVC Filter AnticoagulationAnticoagulation ThrombolysisThrombolysis

Risk StratifyRisk Stratify

2 Days in Hospital;2 Days in Hospital;
LMWHLMWH

OutpatientOutpatient
LMWHLMWH

5 Days Hospital;5 Days Hospital;
Unfractionated HeparinUnfractionated Heparin



Pulmonary Embolus Stratification Pulmonary Embolus Stratification 
By Clinical PresentationBy Clinical Presentation

Cardiac Arrest  10Cardiac Arrest  10--20%  with mortality of 6620%  with mortality of 66--95%95%

Massive PE (systolic BP <90 mm Hg) occurs in Massive PE (systolic BP <90 mm Hg) occurs in 
44--6% with mortality of 226% with mortality of 22--53%53%

SubmassiveSubmassive PE (stable hemodynamics w RV PE (stable hemodynamics w RV 
dysfunction) 23dysfunction) 23--40% of pts with mortality of        40% of pts with mortality of        
88--13%13%

SubmassiveSubmassive PE (stable hemodynamics without PE (stable hemodynamics without 
RV dysfunction mortality of 1RV dysfunction mortality of 1--4%4%

Adapted from Fengler Am J of Emergency Medicine, 2009 27,84-95



Evidence of Right Ventricular Evidence of Right Ventricular 
Dysfunction : ECHODysfunction : ECHO

Right ventricular dilatationRight ventricular dilatation

Paradoxical septal systolic motionParadoxical septal systolic motion

Doppler evidence of pulmonary hypertension         Doppler evidence of pulmonary hypertension         
or increased pulmonary pressuresor increased pulmonary pressures



Importance of RV AssessmentImportance of RV Assessment
Retrospective study of 209 pts presenting with Retrospective study of 209 pts presenting with 
PEPE

Four Groups:Four Groups:
�� Cardiac shock or arrest 13%Cardiac shock or arrest 13%

�� Hypotension without arrest 9%Hypotension without arrest 9%

�� 31% were 31% were normotensivenormotensive with RV dysfunctionwith RV dysfunction

�� 47% were 47% were normotensivenormotensive without RV dysfunctionwithout RV dysfunction

10% of patients with 10% of patients with normotensivenormotensive RV dysfunction RV dysfunction 
experienced clinical deterioration with a mortality  experienced clinical deterioration with a mortality  
of nearly 50%of nearly 50%

Grifoni Circ 200;101:2817-2822



Therapeutic StratificationTherapeutic Stratification

Massive PEMassive PE SubmassiveSubmassive PEPE

Systemic Lytic TherapySystemic Lytic Therapy
CatheterCatheter --directed Lytic Therapydirected Lytic Therapy
CatheterCatheter --based based EmbolectomyEmbolectomy
Surgical Surgical EmbolectomyEmbolectomy

HypotensiveHypotensive
RV DysfunctionRV Dysfunction

NormotensiveNormotensive
RV DysfunctionRV Dysfunction

NomortensiveNomortensive NoNo
RV DysfunctionRV Dysfunction

Clinical AssessmentClinical Assessment
Likelihood of Likelihood of 
DeteriorationDeterioration

Standard HeparinStandard Heparin
TherapyTherapy

AnticoagulationAnticoagulation
Possible IVC FilterPossible IVC Filter
PlacementPlacement



Heparin Therapy Heparin Therapy vsvs Fibrinolytic Fibrinolytic 
TherapyTherapy

�� HeparinHeparin
�� Does not dissolve Does not dissolve 

existing clot burdenexisting clot burden

�� Inhibits formation of Inhibits formation of 
new clot and allows new clot and allows 
endogenous endogenous 
fibrinolysis to occurfibrinolysis to occur

�� Fibrinolytic agentsFibrinolytic agents
�� Allows for more rapid Allows for more rapid 

clot lysisclot lysis

�� Improves pulmonary Improves pulmonary 
perfusion and perfusion and 
potentially reduces RV potentially reduces RV 
dysfunctiondysfunction



Pulmonary EmbolismPulmonary Embolism
Clinical Indications for Considering Clinical Indications for Considering 

Fibrinolytic TherapyFibrinolytic Therapy

�� SyncopeSyncope

�� HypotensionHypotension

�� Severe hypoxemiaSevere hypoxemia

�� Limited CardioLimited Cardio--Pulmonary resPulmonary res

�� RV dysfunctionRV dysfunction



Patient Selection for LysisPatient Selection for Lysis

Pts with acute Pts with acute hemodynamicallyhemodynamically significant PE and a significant PE and a 
reasonable life expectancyreasonable life expectancy

Any patient with significant respiratory compromiseAny patient with significant respiratory compromise

Time window best < 14 daysTime window best < 14 days

Absolute contraindications include:Absolute contraindications include:

Inability to Inability to anticoagulateanticoagulate

CVA within 3 monthsCVA within 3 months

Intracranial mass or traumaIntracranial mass or trauma

Active GI bleedingActive GI bleeding



Fibrinolytic Dosing Regimens for PEFibrinolytic Dosing Regimens for PE

Cardiac Arrest:Cardiac Arrest:
–– AlteplaseAlteplase 50 mg IV bolus, may repeat 50 mg 50 mg IV bolus, may repeat 50 mg 

in 15 minin 15 min

–– ReteplaseReteplase 20 U IV bolus20 U IV bolus

–– TenecteplaseTenecteplase 0.5mg/kg IV bolus (max 50mg)0.5mg/kg IV bolus (max 50mg)



Fibrinolytic Dosing Regimens for PEFibrinolytic Dosing Regimens for PE

Massive and Massive and SubmassiveSubmassive PEPE
–– AlteplaseAlteplase (FDA) 10 mg IV bolus followed by (FDA) 10 mg IV bolus followed by 

90 mg IV over 2hrs90 mg IV over 2hrs

–– ReteplaseReteplase 10 U IV bolus followed by 10 U IV 10 U IV bolus followed by 10 U IV 
in 30 minin 30 min

–– TenecteplaseTenecteplase 0.5 mg/kg IV bolus (max 50 mg)0.5 mg/kg IV bolus (max 50 mg)



Thrombolytic TherapyThrombolytic Therapy

Initial application of thrombolysis was with Initial application of thrombolysis was with 
systemic infusions and most of the data systemic infusions and most of the data 
comparing heparin to thrombolysis is based on comparing heparin to thrombolysis is based on 
systemic infusion rather then catheter directed systemic infusion rather then catheter directed 
approachapproach

Limited data suggests Limited data suggests lyticslytics accelerate clot accelerate clot 
dissolution with reduction of PA pressures and dissolution with reduction of PA pressures and 
improved RV functionimproved RV function

Wan et al Meta-analysis Circ 2004;110:744-749



Theoretical Advantages of Catheter Theoretical Advantages of Catheter 
Directed Lytic TherapyDirected Lytic Therapy

Direct infusion of the lytic agent into the clotDirect infusion of the lytic agent into the clot

Allows for higher local concentration and use of Allows for higher local concentration and use of 
lower doses of lytic agent. Typically 1mg lower doses of lytic agent. Typically 1mg tPAtPA per per 
hr infusionhr infusion

Monitor PA pressures during administration of Monitor PA pressures during administration of 
lytic agentlytic agent

May provide some ability to fragment clot or May provide some ability to fragment clot or 
allow greater surface area penetration of the allow greater surface area penetration of the 
lytic agentlytic agent



Thrombolysis with CatheterThrombolysis with Catheter --based based 
TreatmentTreatment

Study of 50 pts with massive or Study of 50 pts with massive or submassivesubmassive PE all with PE all with 
evidence of RV dysfunctionevidence of RV dysfunction

Lytic therapy (Lytic therapy (MonteplaseMonteplase) performed via catheter ) performed via catheter 
directed approachdirected approach

Adjunctive catheter based treatment included: Adjunctive catheter based treatment included: 
fragmentation, and aspiration fragmentation, and aspiration thrombectomythrombectomy

Observed 30 day mortality was 6%, mean PA pressures Observed 30 day mortality was 6%, mean PA pressures 
reduced by 23% and significant improvement in gas reduced by 23% and significant improvement in gas 
exchangeexchange

Yamamoto,Circ J 2009;73:106-110



PE  ThrombolysisPE  Thrombolysis

Catheter directed thrombolysis of large Catheter directed thrombolysis of large 
pulmonary embolus involving the right distal pulmonary embolus involving the right distal 
main pulmonary arterymain pulmonary artery



Limitations of ThrombolysisLimitations of Thrombolysis

ThreeThree--fold greater incidence of bleeding fold greater incidence of bleeding 
complications compared to heparin alonecomplications compared to heparin alone

Major bleeding has been reported in 3Major bleeding has been reported in 3--30% of 30% of 
pts undergoing thrombolysispts undergoing thrombolysis

Intracranial hemorrhage rates 0Intracranial hemorrhage rates 0--3% 3% 

A proportion of patients with PE have absolute A proportion of patients with PE have absolute 
or relative contraindicationsor relative contraindications



Mechanical Mechanical ThrombectomyThrombectomy

No labeled indication for PE for any of the No labeled indication for PE for any of the 
current mechanical current mechanical thrombectomythrombectomy devicesdevices

The The AspirexAspirex PE catheter device has PE catheter device has 
humanitarian use status by FDAhumanitarian use status by FDA

Anecdotal use of the Anecdotal use of the PossisPossis angiojetangiojet ((MedradMedrad

Interventional/ Interventional/ PossisPossis Indianola,PA) Indianola,PA) and the and the EkosEkos
ultrasoundultrasound--assisted catheterassisted catheter ( ( EkosEkos Corp, Bothell Corp, Bothell 

WA) WA) have been successfully used to remove have been successfully used to remove 
clot either primarily or as an adjunct to clot either primarily or as an adjunct to 
thrombolysisthrombolysis



Complications of Percutaneous Complications of Percutaneous 
Catheter Catheter ThrombectomyThrombectomy

Puncture or dissection of cardiovascular Puncture or dissection of cardiovascular 
structuresstructures

Pulmonary hemorrhagePulmonary hemorrhage

Pericardial Pericardial TamponadeTamponade

Distal thrombus Distal thrombus emboliztionemboliztion



Surgical Rescue Surgical Rescue EmbolectomyEmbolectomy

Limited to patients who did not respond to lytic Limited to patients who did not respond to lytic 
therapytherapy

Rescue surgical Rescue surgical embolectomyembolectomy had a lower had a lower 
mortality 7.1% mortality 7.1% vsvs 38.5% and lower recurrent PE, 38.5% and lower recurrent PE, 
0% 0% vsvs 35% when compared 35% when compared tptp patients patients 
udergoingudergoing secondary fibrinolytic therapysecondary fibrinolytic therapy

Meneveau Chest 2006 129:1043-50



Modern Day Algorithm for PE Modern Day Algorithm for PE 
TreatmentTreatment

Establish diagnosis along with the extent and Establish diagnosis along with the extent and 
location, RV involvement , hypotensive or location, RV involvement , hypotensive or 
normotensivenormotensive

Consider clinical state of the patient and Consider clinical state of the patient and 
underlying disease process, likelihood of clinical underlying disease process, likelihood of clinical 
deteriorationdeterioration

Are there contraindications to thrombolysisAre there contraindications to thrombolysis



Therapeutic StratificationTherapeutic Stratification

Massive PEMassive PE SubmassiveSubmassive PEPE

Systemic Lytic TherapySystemic Lytic Therapy
CatheterCatheter --directed Lytic Therapydirected Lytic Therapy
CatheterCatheter --based based EmbolectomyEmbolectomy
Surgical Surgical EmbolectomyEmbolectomy

HypotensiveHypotensive
RV DysfunctionRV Dysfunction

NormotensiveNormotensive
RV DysfunctionRV Dysfunction

NomortensiveNomortensive NoNo
RV DysfunctionRV Dysfunction

Clinical AssessmentClinical Assessment
Likelihood of Likelihood of 
DeteriorationDeterioration

Standard HeparinStandard Heparin
TherapyTherapy

AnticoagulationAnticoagulation
Possible IVC FilterPossible IVC Filter
PlacementPlacement



SummarySummary
Risk stratification for interventional therapy is dependent Risk stratification for interventional therapy is dependent 
on clinical presentation, RV dysfunction,hypotension, on clinical presentation, RV dysfunction,hypotension, 
and respiratory compromiseand respiratory compromise

Aggressive therapy with anticoagulation and Aggressive therapy with anticoagulation and 
thrombolysis in appropriate patients has benefitthrombolysis in appropriate patients has benefit

Catheter directed approach for Catheter directed approach for fibrinolyisfibrinolyis may allow for may allow for 
improved local delivery and lower dosesimproved local delivery and lower doses

Mechanical Mechanical thrombectomythrombectomy devices have potential clinical devices have potential clinical 
benefit but remain offbenefit but remain off--label and their clinical efficacy has label and their clinical efficacy has 
not been establishednot been established

Surgical Surgical ““rescuerescue”” embolectomyembolectomy may have benefit in may have benefit in 
extreme circumstancesextreme circumstances


