Clinical Practice Statement
What is the Role of Thrombolysis in Intermediate Risk Pulmonary Embolism?
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Recommendation

Thrombolysis, either catheter directed or systemic, is a treatment option in the management of patients with
intermediate risk pulmonary embolism and a high likelihood of clinical deterioration. Each method of thrombolysis
carries risks and benefits. Based upon the available evidence, transfer to a facility for the purpose of catheter-
directed thrombolysis is not recommended.

Introduction

Pulmonary embolism (PE) remains a leading cause of cardiovascular mortality’ resulting in an estimated 150,000
deaths annually? in the United States. With a 3-month mortality rate of 9-15%,34 PE presents an important clinical
problem. Until recently, there has been little change in the treatment options for PE, with guideline recommendations
of anticoagulation only in all but the most critically ill presentations.>¢ Newer catheter-directed therapies, most
notably catheter-directed thrombolysis (CDT), present another treatment option purported to improve safety and
efficacy. Published evidence in the currently available literature is weak and the conclusions do not seem to be
justified.

Executive Summary

PE is categorized as high risk (massive), intermediate risk (submassive), or low risk. High risk PE carries the highest
probability of mortality, and is defined by persistent hypotension (systolic blood pressure < 90 mmHg) or
cardiovascular collapse.27 High risk PE has a universal recommendation from the American Heart Association and
American College of Chest Physicians for full-dose systemic thrombolytics provided there are no absolute
contraindications.8? Patients with PE who are normotensive without evidence of right ventricle (RV) strain on
echocardiography or computed tomography (CT)® scan or elevated serum biomarkers (troponin/BNP) are
considered to have low risk PE which carries a roughly 1% mortality."! Patients with PE associated evidence of RV
strain and/or elevation of serum biomarkers but without hypotension are categorized as having intermediate risk PE.

Intermediate risk PE accounts for 20% to 40% of presentations and is the source of current treatment controversy.*12
Variable criteria for the diagnosis of intermediate risk PE and conflicting evidence for the use of thrombolysis has led
to confusion.5 PE with RV dysfunction'13 or elevation of serum biomarkers'-16 has been linked to increased
mortality. Long term exercise intolerance secondary to chronic thromboembolic pulmonary hypertension (CTEPH)
has also been associated with RV dysfunction seen at the time of PE diagnosis.'2! Increased mortality and the fear
of long term morbidity associated with intermediate risk pulmonary embolism has led to the pursuit of more
aggressive therapeutic options. Thrombolysis, both systemic and catheter-directed, has been promoted in the



treatment of intermediate risk PE. Unfortunately, there is no consensus on the optimal medication delivery, either
systemic or via a catheter placed directly into the pulmonary vasculature. Controversy remains regarding which
patients would benefit from interventions that carry a potential increased risk of bleeding, stroke and death.

Current literature is clear that thrombolysis in intermediate risk PE effectively reduces RV dilation and right heart
pressures compared to anticoagulation alone; however, the clinical relevance of this is uncertain.?225 Short-term
results for these variables have been dramatic, but their utility is questionable without demonstrating significant
improvement in patient-centered outcomes (i.e., mortality, long term physical symptoms, reduction of CTEPH risk,
etc.). The largest randomized trial, conducted by Meyer et al, showed no difference in RV dysfunction, CTEPH or
mortality at three years.? Several articles support the use of thrombolysis in PE, however, almost all contain major
flaws including small size, non-randomized design, or they fail to measure meaningful patient-centered outcomes.
The heterogeneity of these articles makes a meta-analysis much less valuable, though several have been
attempted.Z-2 The inability to detect differences in important clinical outcomes such as mortality may be due to the
characterization of low risk patients as intermediate risk. Several studies have shown a 0% to 3% mortality for their
intermediate risk group, which is similar to that previously described in low risk PE (1%) making a difference difficult
to detect.2227.2833 Distinguishing intermediate risk PE patients at the highest risk for decompensation or death is
necessary before a therapeutic benefit, if one exists, can be identified.

The ability to administer thrombolytics directly into the pulmonary circulation or even the thrombus itself with a
centrally placed catheter has led investigators to assume lower dosing can be utilized while maintaining the same
efficacy.?34 Lower dose thrombolytics (25% or less of full stroke dose) in combination with reduced heparin dosing is
felt to dramatically reduce the risk of bleeding®, however, it is unclear if similar results could be achieved using the
same treatment administered peripherally. The direct comparison of CDT to peripheral thrombolysis for intermediate
risk PE in particular does not exist other than a small study from 30 years ago which found no difference between
these treatment modalities.® Doses roughly 25% of full dose thrombolysis are common among CDT trials, while in
the trial by Meyer et al,28 full dose thrombolysis was used with an aggressive heparin regimen. This more aggressive
dosing may have led to the high rates of major extracranial bleeding (6.3%) and hemorrhagic stroke (2%) not seen in
the lower dose CDT trials (< 1%).2 More frequently occurring serious complications of therapy could have masked
any potential benefit. Reduced dosing of peripheral thrombolytics may provide the same efficacy with a comparable
safety profile. Peripheral thrombolytics could be administered without the need for central catheter placement or
interventional specialists that may not be available without transfer. Clinical trials comparing CDT with systemic
thrombolysis are needed before a judgement of superiority can be made.

Conclusion

Convincing evidence regarding the benefit of CDT for patients with intermediate risk PE does not exist. The transfer
of a patient for the purpose of CDT due to lack of local availability is not currently recommended. In a patient with
massive PE who also has substantial bleeding risk or relative contraindications to thrombolytics, CDT is reasonable
(if available) in order to allow the lowest possible dosing. Thrombolysis may eventually prove advantageous when a
population with the highest chance for decompensation, yet not massive PE, is identified. This group may be more
likely to benefit from a therapy with potential hazards. CDT may have greater efficacy or enable lower thrombolytic
dosing, however this has not yet been proven. Utilization of thrombolysis for intermediate risk PE should be used only
with a shared decision making approach explaining the risks and benefits of therapy. This shared decision should be
reserved for those who carry the greatest likelihood of deterioration.

References:

1. Beckman MG, Hooper WC, Critchley SE, Ortel TL. Venous thromboembolism: a public health concern. Am J Prev
Med. 2010;38(4 Suppl):S495-501

2. Kucher N, Rossi E, De Rosa M, Goldhaber SZ. Massive pulmonary embolism. Circulation. 2006 Jan
31;113(4):577-82. Epub 2006 Jan 23.



3. Laporte S, Mismetti P, Decousus H, Uresandi F, Otero R, Lobo JL, et al. Clinical predictors for fatal pulmonary
embolism in 15,520 patients with venous thromboembolism: findings from the Registro Informatizado de la
Enfermedad TromboEmbolica venosa (RIETE) registry. Circulation 2008;117:1711-6.

4. Goldhaber SZ, Visani L, De Rosa M (1999) Acute pulmonary embolism: clinical outcomes in the international
cooperative pulmonary embolism registry (ICOPER). Lancet 353: 1386-1389

5. Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, et al. Antithrombotic Therapy for VTE Dis-
ease: CHEST Guideline and Expert Panel Report. Chest 2016;149:315-52

6. Konstantinides SV, Torbicki A, Agnelli G, et al. 2014 ESC guidelines on the diagnosis and management of acute
pulmonary embolism. Eur Heart J. 2014;35(43):3033-3069, 69a-69k

7. Dalen JE, Alpert JS. Natural history of pulmonary embolism. Prog Cardiovasc Dis 1975;17:259

8. Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, et al. Antithrombotic Therapy for VTE
Disease: CHEST Guideline and Expert Panel Report. Chest. 2016 Feb. 149 (2):315-52.

9. Jaff MR, McMurtry MS, Archer SL, Cushman M, Goldenberg N, Goldhaber SZ, et al. 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;123:1788-830

10. Dudzinski DM, Hariharan P, Parry BA, Chang Y, Kabrhel C. Assessment of Right Ventricular Strain by Computed
Tomography Versus Echocardiography in Acute Pulmonary Embolism. Acad Emerg Med. 2017 Mar;24(3):337-343.

11. Pollack CV, Schreiber D, Goldhaber SZ,, et al.Clinical characteristics, management, and outcomes of patients
diagnosed with acute pulmonary embolism in the emergency department: initial report of EMPEROR (Multicenter
Emergency Medicine Pulmonary Embolism in the Real World Registry). J Am Coll Cardiol. 2011 Feb 8;57(6):700-6.

12. Stein PD, Matta F, Janjua M, et al. Outcome in stable patients with acute pulmonary embolism who had right
ventricular enlargement and/or elevated levels of troponin . Am J Cardiol 2010;106:558-63.

13. Sanchez O, Trinquart L, Colombet I, Durieux P, Huisman MV, Chatellier G, Meyer G. Prognostic value of right
ventricular dysfunction in patients with haemodynamically stable pulmonary embolism: a systematic review. Eur
Heart J. 2008; 29: 1569-1577.

14. Becattini C, Vedovati MC, Agnelli G. Prognostic value of troponins in acute pulmonary embolism: a meta-
analysis. Circulation. 2007; 116: 427-433.

15. JiménezD,UresandiF,OteroR, et al. Troponin-based risk stratification of patients with acute nonmassive
pulmonary embolism: systematic review and metaanalysis. Chest. 2009;136(4):974- 982

16. Bajaj A, Saleeb M, Rathor P, Sehgal V, Kabak B, Hosur S . Prognostic value of troponins in acute nonmassive
pulmonary embolism: A meta-analysis. Heart Lung. 2015 Jul-Aug;44(4):327-34.

17. Kline JA, Steuerwald MT, Marchick MR, et al. Prospective evaluation of right ventricular function and functional
status 6 months after acute submassive pulmonary embolism: frequency of persistent or subsequent elevation in
estimated pulmonary artery pressure. Chest 2009;136:1202e10.



18. Ten WM, Sohne M, Quak E, et al. Prognostic value of echo-cardiographically assessed right ventricular
dysfunction in patients with pulmonary embolism. Arch Intern Med 2004;164:1685e9

19. AK. Sista, L.E. Miller, S.R. Kahn, J.A. Kline, Persistent right ventricular dysfunction, functional capacity limitation,
exercise intolerance, and quality of life impairment following pulmonary embolism: systematic review with meta-
analysis, Vasc. Med. 22 (1) (2017) 3743

20. Klok FA, van Kralingen KW, van Dijk APJ, Heyning FH, Vliegen HW, Huisman MV. Prospective cardiopulmonary
screening program to detect chronic thromboembolic pulmonary hypertension in patients after acute pulmonary
embolism. Haematologica. 2010;95(6):970-5

21. Pengo V, Lensing AWA, Prins MH, et al. Incidence of chronic thromboembolic pulmonary hypertension after
pulmonary embolism. N Engl J Med. 2004;350(22):2257-64

22. Kucher N, Boekstegers P, Muller OJ, et al.. Randomized, controlled trial of ultrasound-assisted catheter-directed
thrombolysis for acute intermediate-risk pulmonary embolism. Circulation. 2014 Jan 28;129(4):479-86. doi:
10.1161/CIRCULATIONAHA.113.005544. Epub 2013 Nov 13.

23. Piazza G, Hohlfelder B, Jaff MR, et al. A Prospective, Single-Arm, Multicenter Trial of Ultrasound-Facilitated,
Catheter-Directed, Low-Dose Fibrinolysis for Acute Massive and Submassive Pulmonary Embolism: The SEATTLE I
Study. JACC Cardiovasc Interv. 2015 Aug 24;8(10)

24. Kaymaz C, Oztiirk S, Akbal O, et al Ultrasound-Assisted Catheter-Directed Thrombolysis in High-Risk and
Intermediate-High-Risk Pulmonary Embolism: Results From a Single-Center Cohort.
Angiology. 2017 May;68(5):433-440.

25. Bagla S, Smirniotopoulos JB, van Breda A, Sheridan MJ, Sterling KM Ultrasound-accelerated catheter-directed
thrombolysis for acute submassive pulmonary embolism. J Vasc Interv Radiol. 2015 Jul;26(7):1001-6

26. Konstantinides SV, Vicaut E, Danays T, et al. Impact of Thrombolytic Therapy on the Long-Term Outcome of
Intermediate-Risk Pulmonary Embolism. J Am Coll Cardiol. 2017 Mar 28;69(12):1536-1544.

27. Chatterjee S, Chakraborty A, Weinberg let al. Thrombolysis for pulmonary embolism and risk of all-cause
mortality, major bleeding, and intracranial hemorrhage: a meta-analysis. JAMA. 2014 Jun 18;311(23):2414-21.

28. Bloomer TL,, EI-Hayek GE, McDaniel MC, et al. Safety of catheter-directed thrombolysis for massive and sub-
massive pulmonary embolism: Results of a multicenter registry and meta-analysis.
Catheter Cardiovasc Interv. 2017 Mar 1;89(4):754-760.

29. Hao Q1, Dong BR, Yue J, Wu T, Liu GJ. Thrombolytic therapy for pulmonary embolism.
Cochrane Database Syst Rev. 2015 Sep 30;(9):CD004437.

30. Kaymaz C, Akbal OY, Tanboga IH et al. Ultrasound-Assisted Catheter-Directed Thrombolysis in High-Risk and
Intermediate-High-Risk Pulmonary Embolism: A Meta-Analysis.
Curr Vasc Pharmacol. 2018 Jan 26;16(2):179-189.

31. Lou BH1, Wang LH, Chen Y. A meta-analysis of efficacy and safety of catheter-directed interventions in submas-
sive pulmonary embolism. Eur Rev Med Pharmacol Sci. 2017 Jan;21(1):184-198.

32. Bajaj NS, Kalra R, Arora P, et al. Catheter-directed treatment for acute pulmonary embolism: Systematic review
and single-arm meta-analyses. Int J Cardiol. 2016 Dec 15;225:128-139.


https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Hayek%252520GE%25255BAuthor%25255D&cauthor=true&cauthor_uid=28145042
https://www.ncbi.nlm.nih.gov/pubmed/?term=McDaniel%252520MC%25255BAuthor%25255D&cauthor=true&cauthor_uid=28145042

33. Nakamura S1, 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
Jul;12(7):1086-95.

34. Avgerinos ED, Liang NL, EI-Shazly OM, et al. Improved early right ventricular function recovery but increased
complications with catheter-directed interventions compared with anticoagulation alone for submassive pulmonary
embolism. J Vasc Surg Venous Lymphat Disord. 2016 Jul;4(3):268-75.

35. Sharifi M, Bay C, Skrocki L, Rahimi F, Mehdipour M; Moderate pulmonary embolism treated with thrombolysis
(from the "MOPETT" Trial). Am J Cardiol. 2013 Jan 15;111(2):273-7.

36. Verstraete M, Miller GA, Bounameaux H, Charbonnier B, Colle JP, Lecorf G, Marbet GA, Mombaerts P, Olsson
CG Intravenous and intrapulmonary recombinant tissue-type plasminogen activator in the treatment of acute massive
pulmonary embolism. Circulation. 1988 Feb;77(2):353-60.



