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THE SPECTRUM OF 

PULMONARY EMBOLISM 

Right Ventricular 

    Dysfunction 

Hemodynamic 

   Instability/Death 

Dyspnea 

Stable Hemodynamics 



Sheba Medical Center 

Tel Hashomer The Leviev Heart Center 



Sheba Medical Center 

Tel Hashomer The Leviev Heart Center 

Massive PE: Sustained hypotension, 
pulselessness, or persistent bradycardia 

 

Submassive PE:  RV dysfunction or 
myocardial necrosis, without hypotension 

 

Low Risk PE:  No markers of adverse 
prognosis 

 
(Circulation 2011; 123: 1788-1830) 
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Normalize pulmonary vascular resistance 

by  immediate relief of right heart failure 

  

Prevention of recurrent thromboembolism 

Goals of therapy 
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Anticoagulation 

 Immediate full anticoagulation is mandatory 

for all patients suspected to have pulmonary 

embolism 

 

Diagnostic investigations should not delay 

empirical anticoagulant therapy 

                                          (ESC/AHA Guidelines)                               
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Which parental anticoagulant   

should be  selected? 

1. Unfractionated heparin:  use if patient 
might require thrombolysis,  embolectomy, or 
IVC filter 

2. Low molecular weight heparins or 
fondaparinux:  use for patients only 
requiring anticoagulation 

3. Direct thrombin inhibitors: use for 
confirmed or suspected HIT 
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SITES OF ACTION 

(Hankey GJ and Eikelboom JW. Circulation 2011;123:1436-1450) 
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Randomized, open-label, event-driven, non-inferiority study 

• Up to 48 hours’ heparins/fondaparinux treatment permitted before study entry 

• 88 primary efficacy outcomes needed 

• Non-inferiority margin: 2.0 

Predefined treatment period of 3, 6, or 12 months 

15 mg bid 

Rivaroxaban 

Day 1 Day 21 

Enoxaparin bid for at least 5 days,  

plus VKA INR 2.5 (range 2.0–3.0) 

20 mg od 
N=4833 

Rivaroxaban 

R 
Objectively 
confirmed 
PE ± DVT 

30-day 
post-study 
treatment 

period 

Primary efficacy outcome: first recurrent VTE 

Principal safety outcome: first major or nonmajor clinically relevant bleeding 

(N=4,832) 
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(P=0.003) 

(P=0.003) 

Symptomatic 

Recurrent 

VTE 

Clinically 

Significant 

Bleeding 

 

Major  

Bleeding 

 

(N=4,832) 
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Low risk patients are treated with anticoagulation alone    

Minor 
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Thrombolysis (but contraindicated in 20- 40% pts’) 

Surgical Embolectomy 

Catheter Thrombectomy 

Massive PE 
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8 pts: 
 

 Randomised trial (STK vs IV heparin).  

 

 The trial was stopped early, as all 4 pts thrombolysed 

lived whereas the 4 treated with heparin died. 

Streptokinase and Heparin versus Heparin Alone in Massive 

Pulmonary Embolism: A Randomized Controlled Trial 
Jerjes-Sanchez C, Ramírez-Rivera A, de Lourdes García M , Arriaga-Nava R, Valencia S, 

Rosado-Buzzo A, Pierzo JA, Rosas E. 
Amores 1636 Edificio "D," Depto 503, CP 03100, Mexico City, Mexico and Emergency Care Department, Hospital de 

Cardiologia, National Medical Center, Mexico City, Mexico. 

J Thromb Thrombolysis 1995;2:227–9  WHAT IS THE EVIDENCE FOR THE 

USE OF 

THROMBOLYSIS IN MASSIVE PE? 
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WHAT ARE THE ALTERNATIVES TO 

THROMBOLYSIS ? 
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Catheter Thrombectomy 

The only alternative to thrombolysis 

or surgical embolectomy 

1. Hemodynamic instability 

2. Subtotal or total filling defect in left 

and/or right main PA 

3. Failed thrombolysis or 

contraindication to thrombolysis 
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Catheter Thrombectomy 

There currently are 4 categories of catheter interventional 

techniques for removing PE: 

 
 Aspiration thrombectomy (syringe suction applied to a vacuum suction cup at the tip 

of the catheter) 

 Fragmentation (manually breaking clots with pigtail or Amplatz catheters) 

  Rheolytic thrombectomy (a high-speed jet of saline) 

 Rotational thrombectomy (ASPIREX) 
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 Limited experience 

 

  Best results when pulmonary catheter 

embolectomy was used adjunct  to 

thrombolytic therapy  =   

“Pharmacomechanical Thrombolysis ” 

  

 No RCT  (Grade IIb C ) 
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Complications of catheter 

thrombectomy 

 Pericardial tamponade 

 Pulmonary hemorrhage  

 Pulmonary artery 

perforation 

 Distal embolization 
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Ultrasound accelerated 
thrombolysis 

Fibrin separation 

Fibrin without 
Ultrasound 

Fibrin With  
Ultrasound 

Active drug delivery 
by acoustic streaming  

Mechanism of Action 

₸ Braaten et al. Thromb Haemost 1997; 78:1063-8. 

Ultrasound delivered in: 
High frequency (2.2 Mhz) 

Low power (0.5 W per element) 
Pulses of varying waveforms 

Ultrasound 
pulses 

27 
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The ULTIMA Trial 
 

A Prospective, Randomized, Controlled Study of  
Ultrasound Accelerated Thrombolysis for the  

Treatment of Acute Pulmonary Embolism  

Nils Kucher, M.D. 

Clinics for Angiology & Cardiology 

University Hospital Bern 

Bern, Switzerland  

Annual Meeting of the American College of Cardiology, March 9, 2013 

EKOS EkoSonic® Mach 4e Endovascular System 

59  Patients 



Sheba Medical Center 

Tel Hashomer The Leviev Heart Center 

29 

1.28 

0.99 

0.5

1.0

1.5

Baseline 24 hrs 90 days

R
V

/L
V

 R
at

io
 

EKOS+Heparin 

1.20 1.17 

Baseline 24 hrs 90 days

Heparin 

P=0.31 

P=0.09 
P<0.0001 

RV/LV ratio (echo) 



Sheba Medical Center 

Tel Hashomer The Leviev Heart Center 

Systolic RV dysfunction 
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Systolic RV dysfunction 
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Systolic RV dysfunction 
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Invasive PA pressure (EKOS group) 
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Sub-massive PE 
 25-40 % of all PE 

 3-15% mortality  
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Thrombolytic Therapy for 

Sub-massive PE  
The effect of thrombolytic agents on the outcome of 

hemodynamically stable patients who have sub-

massive PE has been debated for decades: 

 

 

The risk of serious hemorrhage associated with 

thrombolytic therapy  

   

Patients may gradually improve with heparin Tx 

alone 
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• Multicenter randomized placebo-controlled 

trial 

• 118 pts w/ sub-massive PE were randomized 

to receive heparin plus alteplase vs heparin 

plus placebo 

MAPPET-3  
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Fibrynolisis for submassive PE  

AHA PE Guidelines 2011 

• Submassive PE:  severe RV dysfunction, or 

major myocardial necrosis, or worsening 

respiratory insufficiency, with low risk of 

bleeding  (class IIb,Level of evidence C) 

(Circulation 2011; 123: 1788-1830) 
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PEITHO: Pulmonary EmbolIsm THrOmbolysis Study 

 

A prospective, randomized, double-blind, placebo-controlled, international, multicenter, 

parallel-group comparison trial evaluating the efficacy and safety of single i.v. bolus 

tenecteplase as compared with standard treatment in normotensive patients with acute 

pulmonary embolism and with echographic (or spiral CT) and laboratory evidence of 

right ventricular dysfunction.  
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1006 pt’s 
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All stroke                                                       2.4%                  0.28%   0.03 

Major bleeding                                              6.3%                   1.5%     <0.005 
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Am.J.Card 2013 
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Treatment Protocol I 

• All patients admitted to the ICCU were 
closely monitored for: 
 

 Respiratory status : 

                               (RR and O2 saturation)  
   

Hemodynamic status:  

                               (BP,HR,urine output) 
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Treatment Protocol II 
• Unfractioned heparin (UFH) with a target PTT of 

80-90 seconds 

 

• Daily echogardiographic exams to evaluate RV 

size , function and PA pressure were preformed 

 

• Escalation therapy (thrombolysis or 

embolectomy) was considered if the clinical 

status of the patient deteriorated or did not 

improve within 24-48hrs 
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Risk Markers and  

Clinical Characteristics  

Risk Marker 

(number of patients) 

Clinical Characteristics  

(at admission to ICCU)  

RV Dysfunction  Elevated Troponin  Blood Pressure 

(MAP) 

Pulmonary 

Hypertension 

(maximal SPAP) 

O2 Saturation in 

room air 

41(100%)  24(59%) 100±13mmHg 54±16mmHg 88% 
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Outcome-Summary   

41 patients 

with sub-

massive PE  

Surgical 

Embolectomy 
Thrombolysis 

33 patients 1 patient 7 patients 

No Patients 1 patient 2 patients 

In Hospital Mortality 

“Wait and Watch” 

(UFH) 
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“Wait and watch” (UFH)-

Outcome 

In Hospital Mortality Pulmonary 

Hypertension 

After Treatment 

Pulmonary 

Hypertension at 

Admission  

Improvement in 

Hypoxemia 

Improved RV Size and 

 Function 

0 (0%) 
37±12* 

mmHg 

52±15* 

mmHg 33(100%) 25(100%)* 

*Data available for 25 patients  
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Crit Care Clin 27 (2011) 953–967 

UFH 
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