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Lower extremity deep vein thrombosis (DVT) leads to significant morbidity including pain, swelling, and difficulty walking in

the affected limb. If left untreated, DVT increases the risk of pulmonary embolism (PE), recurrent venous

thromboembolism (VTE), and post thrombotic syndrome (PTS). The objective of this overview is to identify catheter-

directed interventions for the treatment of lower extremity DVT. Percutaneous mechanical thrombectomy (PMT), catheter-

directed thrombolysis (CDT), and pharmacomechanical CDT (PCDT) devices are discussed in detail with a focus on their

mechanism of action and indication of use. 
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1. Systemic Anticoagulation

Anticoagulants are considered the standard of care for treating DVT and assist in preventing thrombus growth . Due

to the variability in thrombus age and composition, however, they are ineffective for complete clot dissolution .

Anticoagulation can pose significant systemic bleeding risks, and residual thrombi can increase the risk of the recurrent

DVT . Furthermore, anticoagulant therapy is not always effective in preventing chronic complications of acute DVTs

such as valvular insufficiency and PTS . PTS impacts quality of life and induces significant clinical burden on

patients including pain, swelling, cramping, skin discoloration, and ulcers in the affected leg .

The risk of major bleeding complications from prolonged anticoagulation should be considered in the decision criteria for

patients over the age of 65, with a history of bleeding disorders, recent surgery, frequent falls, as well as those with

comorbid conditions such as cancer, renal insufficiency, and impaired hepatic function . Anticoagulants are

also known to cause differences in bleeding complications between genders . In a meta-analysis comparing the risk

factors associated with Direct Oral Anticoagulants (DOAC), females were likely to have higher incidences of major and

clinically relevant non-major bleeding complications than males when treated with DOACs for venous thromboembolism

(VTE) .

Furthermore, anticoagulants such as warfarin require frequent monitoring and dose adjustment, take time in reaching

target levels in the body, and can have adverse interactions with certain foods and medications . DOACs used for

DVT treatment do not require frequent monitoring; however, they are shorter acting and lack of adherence to medication

regime can result in greater risk of recurrent thrombosis .

2. Catheter-Directed Intervention

Catheter-directed interventions, including percutaneous mechanical thrombectomy (PMT), catheter-directed thrombolysis

(CDT), and pharmacomechanical CDT (PCDT), have been used as alternatives or adjunctive strategies of systemic

anticoagulation for the treatment of DVT. The goal of these interventions is to reduce clot burden, alleviate acute

symptoms, restore venous flow, and retain valvular functionality to prevent PTS in the future . A summary of

available catheter-directed interventions is presented in Figure 1.
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Figure 1. Catheter-directed interventions for lower extremity DVT treatment. Images acquired from Inari Medical,

AngioDynamics, Penumbra Inc., Argon Medical, Abbott, and Boston Scientific.

PMT devices are designed to mechanically break apart and remove thrombi from the deep veins without the use of

thrombolytics. PMT devices are categorized into rotational, aspirational, rheolytic, and mechanical fragmentation devices.

Rotational thrombectomy devices utilize a sinusoidal wire to spin and macerate thrombi while collecting the fragments in a

built-in or separate aspiration system. Aspirational thrombectomy devices generate negative pressure to suction clots from

the venous system. Rheolytic thrombectomy devices inject high pressure saline jets to break apart thrombi and create a

low-pressure zone to vacuum the fragments into the catheter. Mechanical fragmentation devices manually core and

separate thrombi from the venous wall.

CDT procedures allow for infusion of lytic drugs to the thrombus site through side ports within the catheter. The Ekosonic

Endovascular system can act as a CDT device alone or as a PCDT device by combining the use of thrombolytics and

ultrasound to remove thrombi. Ultrasound-enhanced devices use high-frequency, low energy ultrasound waves to

penetrate and dissolve clots. Rheolytic devices such as the Angiojet and JETi System and rotational devices such as the

Cleaner system are additionally categorized as PCDT devices as they can infuse thrombolytics to the site of the

thrombus.

3. Rotational Thrombectomy
Cleaner Rotational Thrombectomy System

The Cleaner XT  (6 Fr) and Cleaner 15  (7 Fr) Rotational Thrombectomy System (Argon Medical Devices; Plano, TX,

USA) are PMT catheters used for mechanical declotting and removal of wall-adherent thrombi in peripheral vasculature. A

single sinusoidal-shaped wire macerates thrombi through a rotational motion at 4000 RPM. The clot is then aspirated

through an introducer sheath. The Cleaner XT  uses a 9 mm sinusoidal wire for maceration of thrombi in smaller lumens

whereas the Cleaner 15  uses a 15 mm sinusoidal wire for maceration of thrombi in larger lumens. The Cleaner system

also has an infusion port for the delivery of thrombolytics.

4. Aspiration Thrombectomy

4.1. Indigo Aspiration System

The Indigo Aspiration System (3.4–12 Fr) (Penumbra, Inc.; Alameda, CA, USA) is an aspiration mechanical thrombectomy

system composed of a catheter, separator, and vacuum pump. The Penumbra ENGINE delivers continuous suction for

thrombus removal. The Indigo Separator  aids in thrombus fragmentation and cleaning of the catheter. Through its dual

pressure sensors, The Lightning  Intelligent Aspiration Tubing monitors blood flow in real time. This allows for the system

to automatically control the degree of aspiration and reduce blood loss by providing intermittent aspiration around the

venous segment and continuous aspiration near the clot.
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4.2. AngioVac System

The AngioVac System (18, 22 Fr) (AngioDynamics; Latham, NY, USA) is a vacuum-assisted thrombectomy device

indicated for removing fresh, soft thrombi or emboli through a veno–venous bypass circuit. The system utilizes a suction

cannula to collect clot fragments and filters the fragments through a canister before returning the blood into the reinfusion

cannula. The system has a self-expanding funnel shape tip to enhance venous drainage flow and prevent clogging of the

cannula. The device is available with a 20- or 180-degree angled tip to facilitate navigation through the vasculature.

5. Mechanical Fragmentation
ClotTreiver

The ClotTriever BOLD  (16 Fr) (Inari Medical; Irvine, CA, USA) is a mechanical thrombectomy device that is designed to

remove large thrombi from peripheral vasculature. The system includes two elements: the ClotTriever catheter, which

contains a nitinol coring element and braided collection bag, as well as the ClotTriever sheath, which contains a self-

expanding nitinol funnel and a side port for aspiration. Once the guidewire is inserted beyond the clot, the ClotTriever

sheath is positioned over the guidewire distal to the clot and the funnel is expanded for clot capture. The ClotTriever

catheter is advanced through the sheath beyond the clot where the nitinol coring element and collection bag are deployed.

As the coring element is retracted back towards the sheath, the thrombus is separated from the venous wall and captured

in the collection bag. The side port can be used for aspiration of remaining clot fragments in the sheath. The device can

be reinserted multiple times to allow for extensive thrombus capture.

6. Ultrasound-Enhanced Thrombolysis
EkoSonic Endovascular System

The EkoSonic Endovascular System (EKOS Corporation, Bothell, WA, USA) is an ultrasound-enhanced device that aids

in the controlled and selective infusion of thrombolytics to peripheral vasculature to dissolve thrombi. The catheter has two

parts: the infusion catheter and the ultrasonic core. The infusion catheter uses an infusion pump to deliver lytic agents

through its side holes and allows for the flow of saline to cool the ultrasound core while activated. The ultrasound core

generates radial pressure that increases access to receptor sites for lytic agents and accelerates lytic dispersion into the

thrombus.

7. Rheolytic Thrombectomy System

7.1. AngioJet Thrombectomy Catheter

The AngioJet Thrombectomy Catheter (Boston Scientific; Natick, MA, USA) delivers high pressure saline jets through the

tip of the catheter. The saline jets travel backwards to create a low-pressure zone, which allows for the thrombus to be

suctioned into the in-flow windows. ZelanteDVT Catheter (8 Fr) is designed to treat upper and lower peripheral veins with

a diameter of ≥6 mm. The Solent Omni and Proxi Catheters (6 Fr) are used for treating veins that are ≥3 mm in diameter.

The AngioJet system also has a Power Pulse feature which allows for the infusion of thrombolytics at the site of the

thrombi.

7.2. JETi Hydrodynamic Thrombectomy System

The JETi  Hydrodynamic Thrombectomy System (6F and 8F) (Abbott; Irvine, CA, USA) uses a combination of aspiration

and high-pressure saline jets to suction and fragment clots from the venous system. The outer conduit allows for

continuous thrombus aspiration while the inner catheter tip utilizes saline jets to break up the aspirated thrombus and

reduce catheter clogging. The JETi device also has a HyperPulse  Fluid Delivery feature which allows for selective

infusion and delivery of thrombolytics.
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