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CATHETER-DIRECTED THERAPIES FOR 
ACUTE PE

DISCLOSURES

• None

OBJECTIVES:

• Discuss incidence and possible theories for rising incidence 

• Discuss Morbidity and Mortality of PE in the US 

• Discuss the entity of “Post-PE Syndrome”

• Review European classification system and its contrast to US classification

• Treatment approach based on European Classification System

• Describe intravascular lytic therapy – risks and benefits

• Describe intravascular mechanical extraction, risks and patient candidacy

THE GREY AREA OF SUBMASSIVE PE

PE with “RV strain”

Fatal PE

Submassive PE

Concept borrowed from Jeffrey A. Kline, MD (Carolinas Medical Center, Charlotte, NC)

1. Avgerinos ED, Chaer RA. Catheter-directed Interventions for Acute Pulmonary Embolism. Journal of Vascular Surgery. 2015; 61(2):559-565

INTRAVASCULAR LYTIC THERAPY

Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel 
Report

February 2016

Guidance Statement

In patients with acute PE associated with hypotension (eg, systolic BP <90 mm Hg) who 
do not have a high bleeding risk, we suggest systemically administered thrombolytic 
therapy over no such therapy (Grade 2B).

In selected patients with acute PE who deteriorate after starting anticoagulant therapy 
but have yet to develop hypotension and who have a low bleeding risk, we suggest 
systemically administered thrombolytic therapy over no such therapy (Grade 2C).
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Martin C, Boutsikaris D. Systemic Thrombolysis for Pulmonary Embolism: A Review. P T. 2016 Dec; 41(12): 770–775.

BENEFITS OF SYSTEMIC THROMBOLYTIC 
THERAPY? RISKS?

Guidance Statement

The goals of thrombolytic therapy are to reduce thrombus burden 
and (a) for massive and submassive PE, to reduce mortality and 
recurrent PE, relieve symptoms, prevent CTEPH, preserve 
functional capacity, and improve quality of life

1. Mikkola KM, Patel SR, Parker JA, Grodstein F, Goldhaber SZ. Increasing age is a major risk factor for hemorrhagic complications after pulmonary embolism thrombolysis. Am 
Heart J 1997;134:69-72

What are the risks with thrombolytic therapy??
In previous studies, increasing age and the presence of coexisting 
conditions have been associated with a higher risk of bleeding 
complications1

JAMA 2014 Jun 18;311(23):2414-21-21
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1. Avgerinos ED, Chaer RA. Catheter-directed Interventions for Acute Pulmonary Embolism. Journal of Vascular Surgery. 2015; 61(2):559-565

MECHANICAL THROMBECTOMY

• Approximately 8% of patients with MPE fail to thrombolytic therapy1

• Approximately 33% of the patients with MPE have absolute 
contraindications for thrombolytics2

• Mortality in the first 7 days when presenting in shock is estimated 
between 25 to 50%2,3,4 & overall 3 months mortality was 17.4%2

• “Golden hour” of treating hemodynamically significant PE5

1. Meneveau N, Seronde MF, Blonde MC, Legalery P, Didier-Petit K, Briand F, Caulfield F, Schiele F, Bernard Y, Bassand JP. Management of unsuccessful thrombolysis in acute 
massive pulmonary embolism. Chest 2006;129:1043–1050.

2. Kasper W, Konstantinides S, Geibel A, Olschewski M, Heinrich F, Grosser KD, Rauber K, Iversen S, Redecker M, Kienast J. Management strategies and determinants of outcome in 
acute major pulmonary embolism: results of a multicenter registry. J Am Coll Cardiol 1997;30:1165–1171.

3. Coon WW, Willis PW. Deep venous thrombosis and pulmonary embolism: prediction, prevention and treatment. Am J Cardiol. 1959;4:611.
4. Soloff LA, Rodman T. Acute pulmonary embolism. II. Clinical. Am Heart J. 1967;74(6):829.
5. Wood KE. Major pulmonary embolism: review of a pathophysiologic approach to the golden hour of hemodynamically significant pulmonary embolism. Chest. 2002 Mar;121(3):877-

905.

OPTIONS FOR THROMBECTOMY

• Surgical pulmonary embolectomy (SPE) vs catheter-directed thrombolysis 
(CDT)

• Catheter guided can be diagnostic and therapeutic (i.e. severe 
hemodynamic instability in whom empiric anticoagulation is 
contraindicated)

• Surgical embolectomy 

• Thrombolysis (systemic or catheter-directed) is contraindicated or 
has failed1

• Echocardiographic evidence of an embolus trapped within a patent 
foramen ovale, or present in the right atrium, or right ventricle2

• Decision regarding which option to pursue is guided by available expertise, 
whether PE is known to exist and anticipated response to therapies

1. Aklog L, Williams CS, Byrne JG, Goldhaber SZ. Acute pulmonary embolectomy: a contemporary approach. Circulation. 2002;105(12):1416.
2. Bloomfield P, Boon NA, de Bono DP. Indications for pulmonary embolectomy. Lancet. 1988;2(8606):329.

CATHETER-DIRECTED THROMBOLYSIS

Guidance Statement

In patients with acute PE who are treated with a thrombolytic 
agent, we suggest systemic thrombolytic therapy using a peripheral 
vein over CDT (Grade 2C).

In patients with acute PE associated with hypotension and who 
have (i) a high bleeding risk, (ii) failed systemic thrombolysis, or (iii) 
shock that is likely to cause death before systemic thrombolysis 
can take effect (eg, within hours), if appropriate expertise and 
resources are available, we suggest catheter-assisted thrombus 
removal over no such intervention (Grade 2C).
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CATHETER-DIRECTED THROMBOLYSIS

• Ultrasound-assisted thrombolysis/Pharmacomechanical
Thrombolysis

• Suction embolectomy

• Thrombus fragmentation

• Rotational embolectomy

• Rheolytic embolectomy

ULTRASOUND-ASSISTED THROMBOLYSIS
• ULTIMA1

• 1st RCT to include CDIs for submassive PE

• Compared standardized fixed-dose ultrasound-assisted catheter-directed thrombolysis (USAT) (10 mg of 
recombinant tissue-type plasminogen activator per lung during 15 hours) and anticoagulation with 
anticoagulation alone

• USAT resulted in an improved RV:LV ratio (mean difference 0.3 versus 0.03), suggesting a hemodynamic 
benefit. At 90 days, there was no difference in mortality or major bleeding between the groups

• SEATTLE II2

• Prospective, single-arm, multi-center trial designed to evaluate the safety and effectiveness of ultrasound-
facilitated catheter-directed low-dose thrombolysis, using the EKOS EkoSonic® Endovascular System

• One-hundred fifty (150) patients diagnosed as acute massive (N=31) or submassive (N=119) PE were 
enrolled. Patients received low dose (24 mg) of tPA (thrombolytic) for 24 hours with a unilateral catheter or for 
12 hours with bilateral catheters.

• All 31 patients with massive PE survived the 30-day follow up period. No intracranial hemorrhages and no 
fatal bleeding events. Major bleeds occurred in 15 patients and were comprised of one severe bleed and 16 
moderate bleeds. Six of the major bleeds occurred in patients with co-morbidities known to be associated with 
an increased risk of bleeding during thrombolytic therapy.

1. Kucher N. Randomized, controlled trial of ultrasound-assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary embolism. Circulation. 2014 Jan;129(4):479-86.
2. Piazza G, Hohlfelder B, Jaff MR. 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. J Am Coll Cardiol Intv. 2015;8:1382 

RHEOLYTIC EMBOLECTOMY

• AngioJet thrombectomy

• 33 patients with acute PE and contraindications to thrombolytic therapy were treated with 
AngioJet at a single tertiary referral center (Rome, Italy)  immediate angiographic 
improvement in 22/23 patients, with a rapid amelioration in functional class and an 
increase in oxygen saturation

• AngioJet Xpeedior is not designed to treat vessels greater than 12 mm in diameter &  
procedural-related complications and deaths have been reported using this device in PE 
interventions, thus prompting FDA to issue a black-box warning on the device 

1. Drasler WJ, Possis ZC. Rheolytic catheter for percutaneous removal of thrombus. Radiology.1992;182:263–267.
2. Kuo WT, Sze DY, Hofmann LV. Catheter-directed intervention for acute pulmonary embolism: a shining saber. Chest, vol. 133, no. 1, pp. 317–318, 2008. 
3. Kucher N, Windecker S, Banz Y. Percutaneous catheter thrombectomy device for acute pulmonary embolism: in vitro and in vivo testing. Radiology, vol. 236, no. 3, pp. 852–858, 

2005
4. Kucher N, Goldhaber SZ. Management of massive pulmonary embolism. Circulation, vol. 112, no. 2, pp. e28–e32, 2005

OTHER OPTIONS

• Rotational embolectomy: Aspirex catheter 

• Suction embolectomy: 

• AngioVac system 

• FlowTriever Retrieval/Aspiration System ("FlowTriever System") 

• FLARE study is a prospective, multicenter, single-arm study evaluating the 
FlowTriever in 150 patients with acute pulmonary embolism.

1. Kucher N, Windecker S, Banz Y. Percutaneous catheter thrombectomy device for acute pulmonary embolism: in vitro and in vivo testing. Radiology, vol. 236, no. 3, pp. 852–858, 
2005

2. Lumsden A, Suarez E. Interventional Therapy for Pulmonary Embolism. Methodist Debakey Cardiovasc J. 2016 Oct-Dec; 12(4): 219–224.

OTHER OPTIONS

• Thrombus fragmentation

• Pigtail catheter

• Balloon angioplasty

• Only attempts to relieve the upstream obstructive burden and its effect on the 
RV. No thrombus is removed by this technique; therefore, it has the uncertain 
effect of creating more distal occlusion as well as uncertain effects on 
hemodynamics. 

• Simple and easily performed in almost any center.

1. Schmitz-Rode T, Janssens U, Duda SH, Erley CM, GuntherRW. Massive pulmonary embolism: percutaneous emergency treatment by pigtail rotation catheter. J Am Coll
Cardiol.2000;36:375–380

2. Brady AJ, Crake T, Oakley CM.Percutaneous catheter fragmentation and distal dispersion of proximal pulmonary embolus. Lancet. 1991;338:1186–1189 

IMMEDIATE AND MIDTERM BENEFITS OF SPE

• Retrospective review of patients who underwent surgical pulmonary embolectomy for 
acute pulmonary embolectomy was conducted from 1998 to 2014 at a US academic 
center1

• 44 patients were included for analysis: 35 patients (79.5%) had a submassive
pulmonary embolectomy, and 9 patients (20.5%) had a massive pulmonary 
embolectomy and required preoperative inotropy

• 1 in-hospital mortality (2.3%), and there were no permanent neurologic deficits 

• 21 patients had perioperative echocardiographic data which showed an immediate 
decrease in TR velocity and right ventricular pressure (P < .05)

• Echocardiographic follow-up in 12 patients (mean follow up at 30 months)

• Only 1 patient had moderate right ventricular dysfunction

• No patient had worse than mild tricuspid regurgitation

1. Keeling WB, Leshnower BG, Lasajanak Y, Binongo J, Guyton RA, Halkos ME, Thourani VH, Lattouf OM. Midterm benefits of surgical pulmonary embolectomy for acute pulmonary 
embolus on right ventricular function. J Thorac Cardiovasc Surg. 2016 Sep;152(3):872-8.
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SPE MORTALITY

• 2007- Stein et al1 reported on 46 case series of patients operated from 1961 to 2006 

• Operated on or before 1985: average mortality was 32%

• Operated from 1985 to 2005: average mortality was 20%

• Operative mortality was 59% in patients who experienced cardiac arrest before 
pulmonary embolectomy compared with 29% in patients who did not have 
preoperative cardiac arrest

• 2017- Kalra et al2 reviewed 56 eligible studies 

• 1,579 patients who underwent 1,590 SPE operations 

• Pooled inhospital all-cause mortality rate was 26.3% (95% confidence interval: 
22.5% to 30.5%)

1. Stein PD, Alnas M, Beemath A, Patel NR. Outcome of pulmonary embolectomy. Am J Cardiol. 2007 Feb;99(3):421-3.
2. Kalra R, Ahmed M. Surgical Embolectomy for Acute Pulmonary Embolism: Systematic Review and Comprehensive Meta-Analyses. Ann Thorac Surg 2017;103:982–90

43 Y F presents to the ED with severe dyspnea. She tells the ED physician that she smokes, 
uses OCPs and recently drove to Denver to enjoy a last minute ski trip. In the ED she was 
found to have O2 sats in the mid-80s, HR 110 (sinus tachycardia) and her BP was 120s/60s. A 
CT PE protocol showed large clots in both main pulmonary artery divisions. Labs are pending, 
including troponin and BNP. She is placed on nasal cannula O2 at 6 L/min and plans are 
made to admit her to the ICU. A TTE is ordered but has not been completed. The ED 
physician calls you- the intensivist on call- to decide whether thrombolytics or thrombectomy
should be considered instead of anticoagulant therapy alone. What is the best response to 
give the ED physician regarding treatment options? IR and CT surgery are on call and 
available for advanced therapeutics.

• A) Admit to the ICU after starting heparin therapy

• B) Give alteplase STAT and admit to the ICU for continued monitoring

• C) Wait for more diagnostic testing including TTE, troponin

• D) Consult IR for U/S assisted thrombolytic therapy

• E) Consult CT surgery for surgical embolectomy


