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Abstract

        
Venous thromboembolism (VTE) is the third most common cause of cardiovascular disease after myocardial infarction and stroke. Population-based studies estimate that up to 94,000 new cases of pulmonary embolism (PE) occur in the United States annually with an increasing incidence with age. Mortality from PE is the greatest in the first 24 hours, with a decreased survival extending out 3 months. Thus, acute PE is a potentially fatal illness if not recognized and treated in a timely manner. Contemporary management includes systemic anticoagulation, thrombolysis, catheter-based procedures, and surgical embolectomy. This article reviews current clinical evidence and societal guidelines for the use of systemic and catheter-directed thrombolysis for treatment of acute PE.

      


        
[bookmark: N10982]
Keywords

        pulmonary embolism - 
        venous thromboembolism - 
        deep venous thrombosis - 
        thrombolysis
      





[bookmark: info]
Publication History

Article published online:
06 February 2021



© 2021. Thieme. All rights reserved.

Thieme Medical Publishers, Inc.
333 Seventh Avenue, 18th Floor, New York, NY 10001, USA




 

[bookmark: ]

[bookmark: N1134D]
	
References


	
[bookmark: JR210210-1]1 
          
            Naess IA, 
          
          
            Christiansen SC, 
          
          
            Romundstad P, 
          
          
            Cannegieter SC, 
          
          
            Rosendaal FR, 
          
          
            Hammerstrøm J. 
          
        Incidence and mortality of venous thrombosis: a population-based study. J Thromb Haemost 2007; 5 (04) 692-699 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-2]2 
          
            Silverstein MD, 
          
          
            Heit JA, 
          
          
            Mohr DN, 
          
          
            Petterson TM, 
          
          
            O'Fallon WM, 
          
          
            Melton III LJ. 
          
        Trends in the incidence of deep vein thrombosis and pulmonary embolism: a 25-year population-based study. Arch Intern Med 1998; 158 (06) 585-593 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-3]3 
          
            Heit JA, 
          
          
            Spencer FA, 
          
          
            White RH. 
          
        The epidemiology of venous thromboembolism. J Thromb Thrombolysis 2016; 41 (01) 3-14 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-4]4 
          
            Heit JA, 
          
          
            Silverstein MD, 
          
          
            Mohr DN, 
          
          
            Petterson TM, 
          
          
            O'Fallon WM, 
          
          
            Melton III LJ. 
          
        Predictors of survival after deep vein thrombosis and pulmonary embolism: a population-based, cohort study. Arch Intern Med 1999; 159 (05) 445-453 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-5]5 
          
            Goldhaber SZ, 
          
          
            Visani L, 
          
          
            De Rosa M. 
          
        Acute pulmonary embolism: clinical outcomes in the International Cooperative Pulmonary Embolism Registry (ICOPER). Lancet 1999; 353 (9162): 1386-1389 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-6]6 
          
            Konstantinides SV, 
          
          
            Meyer G, 
          
          
            Becattini C. 
          
          et al; 
          The Task Force for the diagnosis and management of acute pulmonary embolism of the European Society of Cardiology (ESC). 
        2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS): the Task Force for the diagnosis and management of acute pulmonary embolism of the European Society of Cardiology (ESC). Eur Respir J 2019; 54 (03) 1901647 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-7]7 
          
            Hirsh J, 
          
          
            Warkentin TE, 
          
          
            Shaughnessy SG. 
          
          et al. 
        Heparin and low-molecular-weight heparin: mechanisms of action, pharmacokinetics, dosing, monitoring, efficacy, and safety. Chest 2001; 119 (01, suppl)): 64S-94S 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-8]8 
          
            Kearon C, 
          
          
            Akl EA, 
          
          
            Ornelas J. 
          
          et al. 
        Antithrombotic therapy for VTE disease: CHEST guideline and expert panel report. Chest 2016; 149 (02) 315-352 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-9]9 
          
            Jaff MR, 
          
          
            McMurtry MS, 
          
          
            Archer SL. 
          
          et al; 
          American Heart Association Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation, 
          American Heart Association Council on Peripheral Vascular Disease, 
          American Heart Association Council on Arteriosclerosis, Thrombosis and Vascular Biology. 
        Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary hypertension: a scientific statement from the American Heart Association. Circulation 2011; 123 (16) 1788-1830 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-10]10 
          
            Tibbutt DA, 
          
          
            Davies JA, 
          
          
            Anderson JA. 
          
          et al. 
        Comparison by controlled clinical trial of streptokinase and heparin in treatment of life-threatening pulmonay embolism. BMJ 1974; 1 (5904): 343-347 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-11]11 Urokinase pulmonary embolism trial. Phase 1 results: a cooperative study. JAMA 1970; 214 (12) 2163-2172 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-12]12 
          
            Kasper W, 
          
          
            Konstantinides S, 
          
          
            Geibel A. 
          
          et al. 
        Management strategies and determinants of outcome in acute major pulmonary embolism: results of a multicenter registry. J Am Coll Cardiol 1997; 30 (05) 1165-1171 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-13]13 
          
            Chatterjee S, 
          
          
            Chakraborty A, 
          
          
            Weinberg I. 
          
          et al. 
        Thrombolysis for pulmonary embolism and risk of all-cause mortality, major bleeding, and intracranial hemorrhage: a meta-analysis. JAMA 2014; 311 (23) 2414-2421 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-14]14 
          
            Donzé J, 
          
          
            Le Gal G, 
          
          
            Fine MJ. 
          
          et al. 
        Prospective validation of the pulmonary embolism severity index. A clinical prognostic model for pulmonary embolism. Thromb Haemost 2008; 100 (05) 943-948 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR210210-15]15 
          
            Jiménez D, 
          
          
            Aujesky D, 
          
          
            Moores L. 
          
          et al; 
          RIETE Investigators. 
        Simplification of the pulmonary embolism severity index for prognostication in patients with acute symptomatic pulmonary embolism. Arch Intern Med 2010; 170 (15) 1383-1389 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-16]16 
          
            Lankeit M, 
          
          
            Gómez V, 
          
          
            Wagner C. 
          
          et al; 
          Instituto Ramón y Cajal de Investigación Sanitaria Pulmonary Embolism Study Group. 
        A strategy combining imaging and laboratory biomarkers in comparison with a simplified clinical score for risk stratification of patients with acute pulmonary embolism. Chest 2012; 141 (04) 916-922 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-17]17 
          
            Vanni S, 
          
          
            Viviani G, 
          
          
            Baioni M. 
          
          et al. 
        Prognostic value of plasma lactate levels among patients with acute pulmonary embolism: the thrombo-embolism lactate outcome study. Ann Emerg Med 2013; 61 (03) 330-338 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-18]18 
          
            Barrios D, 
          
          
            Rosa-Salazar V, 
          
          
            Jiménez D. 
          
          et al; 
          RIETE investigators. 
        Right heart thrombi in pulmonary embolism. Eur Respir J 2016; 48 (05) 1377-1385 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-19]19 
          
            Chatterjee S, 
          
          
            Weinberg I, 
          
          
            Yeh RW. 
          
          et al. 
        Risk factors for intracranial haemorrhage in patients with pulmonary embolism treated with thrombolytic therapy Development of the PE-CH Score. Thromb Haemost 2017; 117 (02) 246-251 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR210210-20]20 
          
            Stein PD, 
          
          
            Matta F. 
          
        Thrombolytic therapy in unstable patients with acute pulmonary embolism: saves lives but underused. Am J Med 2012; 125 (05) 465-470 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-21]21 
          
            Konstantinides S, 
          
          
            Geibel A, 
          
          
            Heusel G, 
          
          
            Heinrich F, 
          
          
            Kasper W. 
          
          Management Strategies and Prognosis of Pulmonary Embolism-3 Trial Investigators. 
        Heparin plus alteplase compared with heparin alone in patients with submassive pulmonary embolism. N Engl J Med 2002; 347 (15) 1143-1150 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-22]22 
          
            Meyer G, 
          
          
            Vicaut E, 
          
          
            Konstantinides SV. 
          
        Fibrinolysis for intermediate-risk pulmonary embolism. N Engl J Med 2014; 371 (06) 581-582 





PubMedGoogle Scholar





	
[bookmark: JR210210-23]23 
          
            Goldhaber SZ, 
          
          
            Haire WD, 
          
          
            Feldstein ML. 
          
          et al. 
        Alteplase versus heparin in acute pulmonary embolism: randomised trial assessing right-ventricular function and pulmonary perfusion. Lancet 1993; 341 (8844): 507-511 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-24]24 
          
            Fasullo S, 
          
          
            Scalzo S, 
          
          
            Maringhini G. 
          
          et al. 
        Six-month echocardiographic study in patients with submassive pulmonary embolism and right ventricle dysfunction: comparison of thrombolysis with heparin. Am J Med Sci 2011; 341 (01) 33-39 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-25]25 
          
            Becattini C, 
          
          
            Agnelli G, 
          
          
            Salvi A. 
          
          et al; 
          TIPES Study Group. 
        Bolus tenecteplase for right ventricle dysfunction in hemodynamically stable patients with pulmonary embolism. Thromb Res 2010; 125 (03) e82-e86 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-26]26 
          
            Kline JA, 
          
          
            Nordenholz KE, 
          
          
            Courtney DM. 
          
          et al. 
        Treatment of submassive pulmonary embolism with tenecteplase or placebo: cardiopulmonary outcomes at 3 months: multicenter double-blind, placebo-controlled randomized trial. J Thromb Haemost 2014; 12 (04) 459-468 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-27]27 
          
            Cao Y, 
          
          
            Zhao H, 
          
          
            Gao W, 
          
          
            Wang Y, 
          
          
            Cao J. 
          
        Systematic review and meta-analysis for thrombolysis treatment in patients with acute submassive pulmonary embolism. Patient Prefer Adherence 2014; 8: 275-282 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-28]28 
          
            Chen H, 
          
          
            Ren C, 
          
          
            Chen H. 
          
        Thrombolysis versus anticoagulation for the initial treatment of moderate pulmonary embolism: a meta-analysis of randomized controlled trials. Respir Care 2014; 59 (12) 1880-1887 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-29]29 
          
            Nakamura S, 
          
          
            Takano H, 
          
          
            Kubota Y, 
          
          
            Asai K, 
          
          
            Shimizu W. 
          
        Impact of the efficacy of thrombolytic therapy on the mortality of patients with acute submassive pulmonary embolism: a meta-analysis. J Thromb Haemost 2014; 12 (07) 1086-1095 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-30]30 
          
            Riera-Mestre A, 
          
          
            Becattini C, 
          
          
            Giustozzi M, 
          
          
            Agnelli G. 
          
        Thrombolysis in hemodynamically stable patients with acute pulmonary embolism: a meta-analysis. Thromb Res 2014; 134 (06) 1265-1271 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-31]31 
          
            Sharifi M, 
          
          
            Bay C, 
          
          
            Skrocki L, 
          
          
            Rahimi F, 
          
          
            Mehdipour M. 
          
          “MOPETT” Investigators. 
        Moderate pulmonary embolism treated with thrombolysis (from the “MOPETT” Trial). Am J Cardiol 2013; 111 (02) 273-277 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-32]32 
          
            Pengo V, 
          
          
            Lensing AW, 
          
          
            Prins MH. 
          
          et al; 
          Thromboembolic Pulmonary Hypertension Study Group. 
        Incidence of chronic thromboembolic pulmonary hypertension after pulmonary embolism. N Engl J Med 2004; 350 (22) 2257-2264 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-33]33 
          
            Kuo WT, 
          
          
            Gould MK, 
          
          
            Louie JD, 
          
          
            Rosenberg JK, 
          
          
            Sze DY, 
          
          
            Hofmann LV. 
          
        Catheter-directed therapy for the treatment of massive pulmonary embolism: systematic review and meta-analysis of modern techniques. J Vasc Interv Radiol 2009; 20 (11) 1431-1440 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-34]34 
          
            Tafur AJ, 
          
          
            Shamoun FE, 
          
          
            Patel SI, 
          
          
            Tafur D, 
          
          
            Donna F, 
          
          
            Murad MH. 
          
        Catheter-directed treatment of pulmonary embolism: a systematic review and meta-analysis of modern literature. Clin Appl Thromb Hemost 2017; 23 (07) 821-829 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-35]35 
          
            Kucher N, 
          
          
            Boekstegers P, 
          
          
            Müller OJ. 
          
          et al. 
        Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary embolism. Circulation 2014; 129 (04) 479-486 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-36]36 
          
            Piazza G, 
          
          
            Hohlfelder B, 
          
          
            Jaff MR. 
          
          et al; 
          SEATTLE II Investigators. 
        A prospective, single-arm, multicenter trial of ultrasound-facilitated, catheter-directed, low-dose fibrinolysis for acute massive and submassive pulmonary embolism: the SEATTLE II study. JACC Cardiovasc Interv 2015; 8 (10) 1382-1392 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-37]37 
          
            Kuo WT, 
          
          
            Banerjee A, 
          
          
            Kim PS. 
          
          et al. 
        Pulmonary embolism response to fragmentation, embolectomy, and catheter thrombolysis (PERFECT): initial results from a prospective multicenter registry. Chest 2015; 148 (03) 667-673 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-38]38 
          
            Tapson VF, 
          
          
            Sterling K, 
          
          
            Jones N. 
          
          et al. 
        A randomized trial of the optimum duration of acoustic pulse thrombolysis procedure in acute intermediate-risk pulmonary embolism: the OPTALYSE PE trial. JACC Cardiovasc Interv 2018; 11 (14) 1401-1410 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-39]39 
          
            Pei DT, 
          
          
            Liu J, 
          
          
            Yaqoob M. 
          
          et al. 
        Meta-analysis of catheter directed ultrasound-assisted thrombolysis in pulmonary embolism. Am J Cardiol 2019; 124 (09) 1470-1477 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-40]40 
          
            Avgerinos ED, 
          
          
            Saadeddin Z, 
          
          
            Abou Ali AN. 
          
          et al. 
        A meta-analysis of outcomes of catheter-directed thrombolysis for high- and intermediate-risk pulmonary embolism. J Vasc Surg Venous Lymphat Disord 2018; 6 (04) 530-540 



Google Scholar





	
[bookmark: JR210210-41]41 
          
            Rao G, 
          
          
            Xu H, 
          
          
            Wang JJ. 
          
          et al. 
        Ultrasound-assisted versus conventional catheter-directed thrombolysis for acute pulmonary embolism: a multicenter comparison of patient-centered outcomes. Vasc Med 2019; 24 (03) 241-247 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-42]42 
          
            Rothschild DP, 
          
          
            Goldstein JA, 
          
          
            Ciacci J, 
          
          
            Bowers TR. 
          
        Ultrasound-accelerated thrombolysis (USAT) versus standard catheter-directed thrombolysis (CDT) for treatment of pulmonary embolism: a retrospective analysis. Vasc Med 2019; 24 (03) 234-240 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-43]43 
          
            Sadiq I, 
          
          
            Goldhaber SZ, 
          
          
            Liu PY, 
          
          
            Piazza G. 
          
          Submassive and Massive Pulmonary Embolism Treatment with Ultrasound AcceleraTed ThromboLysis ThErapy (SEATTLE II) Investigators. 
        Risk factors for major bleeding in the SEATTLE II trial. Vasc Med 2017; 22 (01) 44-50 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-44]44 
          
            Bloomer TL, 
          
          
            El-Hayek GE, 
          
          
            McDaniel MC. 
          
          et al. 
        Safety of catheter-directed thrombolysis for massive and submassive pulmonary embolism: Results of a multicenter registry and meta-analysis. Catheter Cardiovasc Interv 2017; 89 (04) 754-760 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR210210-45]45 
          
            Jimenez D, 
          
          
            Martin-Saborido C, 
          
          
            Muriel A. 
          
          et al. 
        Efficacy and safety outcomes of recanalisation procedures in patients with acute symptomatic pulmonary embolism: systematic review and network meta-analysis. Thorax 2018; 73 (05) 464-471 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.220.63.115
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  