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Background

• Deep venous thrombosis (DVT) affects approximately one in 1,000 patients yearly
• 40–70% of these patients will develop post-thrombotic syndrome (PTS) in their lifetime.

• PTS: a constellation of symptoms and signs of chronic venous insufficiency including:
• pain, swelling, varicose veins, and ulcerations

• Pathophysiology: outflow obstruction, valvular damage leading to reflux, and chronic 
inflammation secondary to venous hypertension.

• PTS is associated with profound morbidity and cost, which justifies the attention it has 
received in recent years in the form of RCTs on how to decrease its incidence.

• The ‘open vein hypothesis’ recommends relieving the venous obstruction in 
order to improve flow and decrease the risk of reflux, thereby reducing the 
chance of developing PTS.



Background
• CHEST guidelines: Anticoagulation remains the primary treatment for DVT as it effectively prevents 

thrombus extension and recurrence.
• ExACT (Extended Anticoagulation Treatment versus Standard Treatment for the Prevention of Recurrent Venous Thromboembolism (VTE) 

and Post-thrombotic Syndrome in Patients Being Treated for a First Episode of Unprovoked VTE) - RCT comparing standard and 
extended regimens of anticoagulation - no difference in the risk of PTS or in QOL

• Anticoagulation does not dissolve DVT;  venous patency is not its primary purpose. 
• Spontaneous recanalization of the iliac vein is rare after a DVT

• CaVenT (Catheter-directed Venous Thrombolysis) 2012 and 2016
• Absolute risk reduction of PTS of 14.4% at 2 years and 28% at 5 years

• ATTRACT (Acute Venous Thrombosis: Thrombus Removal with Adjunctive Catheter-directed Thrombolysis) 2020: 
• Lower incidence of moderate (Villalta score >9) and severe (Villalta score >15) PTS, faster pain 

relief, and improved QOL for patients with iliofemoral DVT through 2 years 
• CaVenT and ATTRACT trials were the first to establish benefit with catheter-based interventions in 

preventing or alleviating PTS in patients with first-time DVT. 
• CAVA (Catheter-directed Thrombolysis versus Anticoagulation) 2020: ultrasound-assisted thrombolysis or anticoagulation

• No difference in PTS at 1 year.



Background

• The conflicting results of the studies have raised criticism mainly with regard to 
incorrect patient inclusion or technical inappropriateness.

• Catheter-directed thrombolysis (CDT) is costly when compared to anticoagulation 
alone. 

• No difference in mortality has been shown
• Is associated with higher rates of treatment associated blood loss requiring 

blood transfusion, pulmonary embolism requiring IVC filter placement, 
intracranial hemorrhage, and stroke

• CDT is also associated with longer hospital stay and threefold higher 
hospital costs.



The role of catheter-directed thrombolysis in the current 
recommendations
• The revised guidelines of the American College of Chest Physicians: anticoagulation therapy 

alone instead of catheter-directed thrombolysis (CDT) for patients with acute proximal DVT.
• However, CDT is likely to be offered to patients with low complexity and bleeding risk who have a 

high risk of post-thrombotic syndrome (PTS).
• European Society for Vascular Surgery guidelines: a selected group of patients with a low 

bleeding risk and symptomatic iliofemoral DVT could benefit from early thrombus removal 
strategies (class IIa; level of evidence A) 

• Both societies have stated that thrombus removal techniques can be beneficial only for 
patients presenting with specific criteria:
• Age (<75 years), type and onset of symptoms (<14 days), DVT location (iliofemoral), patient 

functional status and life expectancy (>1 year), and a low bleeding risk (ie, no current or recent 
bleeding diathesis, absence of cancer, renal or liver failure, thrombocytopenia, anticoagulant therapy, 
recent surgery or trauma, recent stroke, use of nonsteroidal anti-inflammatory drugs)



CaVenT Trial: Study Design

CDT + conventional 
treatment
(n = 101)

Conventional 
treatment only*

(n = 108)

* Initial low molecular weight heparin (LMWH) and warfarin followed by warfarin alone 
with target intensity international normalized ratio (INR) of 2.0-3.0

Eligibility (n = 209)
Age: 18-75 years

First-time acute iliofemoral DVT

Objectively verified DVT above 
midthigh level

Symptom duration up to 21 days

No increased risk of bleeding 

R

• Randomization was stratified for involvement of the pelvic veins.
• Primary outcomes:

– Frequency of PTS at 24 months, assessed by the Villalta score
– Iliofemoral patency after 6 months

Enden T et al. Lancet 2012;379(9810):31-8.



Villalta Scoring Scale
Five patient-related venous 

symptoms Six clinician-rated signs

Pain
Cramps

Heaviness
Paresthesia

Pruritus

Pretibial edema
Skin induration

Hyperpigmentation
Pain during calf compression

Venous ectasia
Redness

Scoring — Each sign or symptom is rated as:
0 = None
1 = Mild
2 = Moderate
3 = Severe

Summed-up ratings = total score:
• 0-4 = no PTS
• 5-9 = mild PTS
• 10-14 = moderate PTS
• ≥15/venous ulcer = severe PTS

Enden T et al. Lancet 2012;379(9810):31-8.



Outcomes: Additional CDT versus Standard Therapy

Outcome

Additional CDT 
(n = 90)

Standard therapy 
only (n = 99)

p-valuen % (95% CI) n % (95% CI)

PTS after 6 mo 27 30.3 (21.8-40.5) 32 32.2 (23.9-42.1)
0.77

PTS after 24 mo 37 41.1 (31.5-51.4) 55 55.6 (45.7-65.0)
0.047

Iliofemoral patency 
after 6 mo*

58 65.9 (55.5-75.0) 45 47.4 (37.6-57.3) 0.012

* Five patients had inconclusive patency assessments, and 1 was lost to follow-up.
At completion of 24 months of follow-up, 189 patients were available for analysis.

• PTS is defined as a Villalta score ≥5.
• p-values stated are from an unadjusted Chi-square test.
• Absolute risk reduction of long-term endpoint PTS at 24 months of follow-up in CDT 

versus standard therapy: 14.4% (95% CI 4-502).

Enden T et al. Lancet 2012;379(9810):31-8.



Adverse Events (AEs)

AEs
Additional CDT 

(n = 101)
Standard treatment 

(n = 108)
Bleeding complications

Major bleeding complications
Clinically relevant bleeding
complications

20
3

5

0
0

0

Deaths 0 NR

Pulmonary embolisms 0 NR

Cerebral hemorrhages 0 NR

Nonbleeding complications 4 NR

Recurrent VTE at 24 mo 10 18

During follow-up, 28 patients had recurrent VTE and 11 had cancer; 
no significant difference between treatment groups (p > 0.05).

NR = not reported

Enden T et al. Lancet 2012;379(9810):31-8.



5-year CaVenT

Haig Y, et al. Lancet Haematol. 2016 Feb;3(2):e64-71. 



5-year CaVenT

l Allocation to adjunctive CDT vs. standard treatment did not lead to better quality of life.

l Patients who did not develop PTS reported higher quality of life scores.

Haig Y, et al. Lancet Haematol. 2016 Feb;3(2):e64-71. 



CaVenT Conclusions
l CDT in addition to anticoagulation improved the clinically relevant 2- and 5- year  outcome of 

decreasing PTS in patients diagnosed with iliofemoral DVT. In patients with a low a priori bleeding risk 
without contraindications, the addition of CDT should be considered.

– No significant difference was observed in PTS between adjunctive CDT and conventional therapy at 
6 months of follow-up (p = 0.77). 

– It takes longer than 6 mos to develop PTS, patients with a short life expectancy should not be 
offered CDT. 

l CaVenT is the first relatively methodologically sound trial to show a statistically significant benefit of 
interventional therapy vs. anticoagulation alone in the risk of developing PTS

– Even though the p-value of 0.047 was just under statistical significance of 0.05, ARR 14% in PTS as 
reflected by Villalta at 2 years is academically important as this result supports the open vein 
hypothesis.

l The CaVenT studies provided the foundational data for future investigations and innovations intended 
to restore venous patency to mitigate the risk of PTS. 
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Catheter-Directed Thrombolysis
• CaVenT and ATTRACT support CDT to reduce PTS in patients with iliofemoral DVT
• Although beneficial, there are still significant risks associated with this therapy.
• ATTRACT:

• CaVenT: 

• Alternative methods for rapid clot removal without lysis should be sought. 
tPA is associated with 3x higher bleeding risk
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CDT outcomes
• Technical success rates with CDT alone range from 83% to 100%.
• Achieving thrombus clearance of >90% is of paramount importance. 
• Primary patency of 85% is achieved with >50% clot removal compared to 36% primary 

patency in limbs with significant residual disease.
• CDT + stent, Avgerinos et al. 2019 demonstrated technical success in more 90% of patients 

with a 1-year primary stent patency of 83.1%. 
• Incomplete lysis (<50% thrombus clearance) predicts:

• Stent thrombosis HR 7.41 
• Development of PTS within 5 years

• Why is technical success not uniform?
1. Park YJ, et al. Eur J Vasc Endovasc Surg 2008
2. Vedantham S, et al. N Engl J Med 2017
3. Comerota AJ, et al. Circulation 2019
4. Haig Y, et al. Lancet Haematol 2016
5. Mewissen MW, et al. Radiology 1999
6. Avgerinos E, et al. J Vasc Surg Venous Lymphat Disord 2019
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The Composition of Thrombus Changes Over Time
• Thrombus composition changes over time 1

• Fibrin-rich matrix becomes more collagenic in nature 
• Thrombus becomes more resistant to thrombolytics 

• Clinical symptoms are often used to estimate thrombus composition and determine effective 
treatment 

• DVT may not be a singular event 
• Acute thrombus may occur along with chronic DVT 
• Leads to mixed-morphology thrombus and difficulty in assessing thrombus chronicity 

• DVT can be asymptomatic for days to weeks, which may result in thrombus that is more 
chronic than expected 2,3 

• An effective DVT treatment for a range of thrombus chronicity is needed
1. Czaplicki et al, Cardiovasc Diagn Ther. 2017 
2. Silver et al, Catheter Cardiovasc Interv. 2021
3. Yuriditsky et al, J Vasc Surg Venous Lymphat Disord. 2022
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Dexter DJ. J Vasc Surg Venous Lymphat Disord. 2022
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Thrombus Chronicity

Dexter DJ. J Vasc Surg Venous Lymphat Disord. 2022
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The Composition of DVT Changes Over Time
• Pre-history is not reliable
• Imaging is not reliable
• More often DVT composition is more fibrous, therefore thrombolysis will not be 

effective
• Catheter-directed thrombolysis is associated with incomplete revascularization, 

bleeding complications, long procedural time, and significant morbidity.
• To be optimally effective, we should use mechanical thrombectomy

• Both venous and arterial indications
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Mechanical Thrombectomy
• Extraction of Thrombus without the use of thrombolytic agents
• Advantages

• Remove thrombi and emboli in one setting and treat the underlying stenosis 
• Able to treat large and small vessel sizes
• Reduce the need for thrombolytic therapy
• Still have other treatment options open, if needed

• Disadvantages
• Catheters that pass into small vessels can be traumatic
• Ineffective force to remove subacute thrombus
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• The multicenter, single-arm PRISM Trial sought to investigate the use of 
the Penumbra/Indigo® System for thrombectomy in the peripheral and 
visceral systems. Including patients with:
◦ Peripheral occlusions with acute ischemia 
◦ Incomplete reperfusion after other interventions 
◦ Procedure-related distal emboli
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BOLT: Study of the Indigo® Aspiration System When Used in 
Patients With Deep Vein Thrombosis
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SINGLE-SESSION MANAGEMENT OF AXILLOSUBCLAVIAN DVT USING THE TURBO 
PULSE TECHNIQUE AND INDIGO SYSTEM CAT8

PATIENT HISTORY

A 25-year-old baseball player was evaluated for right arm pain and discoloration. Imaging 
confirmed right right axillosubclavian DVT due to venous thoracic outlet syndrome. 

A two-stage treatment process was explained to the patient—first resolving the current clot and 
then surgical decompression of the underlying compression. 
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SINGLE-SESSION MANAGEMENT OF AXILLOSUBCLAVIAN DVT USING THE TURBO 
PULSE TECHNIQUE AND INDIGO SYSTEM CAT8

INTERVENTION
• A Turbo Pulse technique (Figure 1) was employed first to soften the DVT before removing it 

with a CAT8 catheter attached to the Penumbra ENGINE power aspiration system. 
• Initial right upper extremity venography from a basilic vein access confirms the presence of 

thrombus in the axillosubclavian vein (Figure 2).

Figure 2. Right UE venogram showing thrombus in 
the axillosubclavian vein with collaterals.

Figure 1. 
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SINGLE-SESSION MANAGEMENT OF AXILLOSUBCLAVIAN DVT USING THE TURBO 
PULSE TECHNIQUE AND INDIGO SYSTEM CAT8

INTERVENTION

• Due to the subacute nature of the thrombus burden, the clot was infused with 8 mg of 
tPA using the Turbo Pulse technique through a 10-cm Unifuse™ infusion catheter 
(AngioDynamics) and allowed to dwell for 15 minutes.

• The Indigo System’s CAT8 and Penumbra ENGINE achieved near-complete thrombus 
resolution.

• Completion venography after balloon venoplasty of the compression with a 10-mm 
Mustang™ balloon catheter (Boston Scientific Corporation) demonstrates persistent 
compression due to TOS, however, there is a patent channel from the upper arm through 
the superior vena cava (Figure 3). 
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SINGLE-SESSION MANAGEMENT OF AXILLOSUBCLAVIAN DVT USING THE TURBO 
PULSE TECHNIQUE AND INDIGO SYSTEM CAT8

Figure 2. Pre-intervention Figure 3. Completion venography
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SINGLE-SESSION MANAGEMENT OF AXILLOSUBCLAVIAN DVT USING THE TURBO 
PULSE TECHNIQUE AND INDIGO SYSTEM CAT8

DISCUSSION
• This patient was effectively treated with thrombectomy and interval surgical 

decompression and is asymptomatic at 1 year. 

• Single-session management of DVT using the Penumbra/Indigo System CAT8 with Turbo 
Pulse allows us to treat properly selected patients without ICU admission for overnight 
lysis thus reducing the dose and duration of tPA and its inherent risks. Data recently 
presented at VEITHsymposium showed a 100% technical success rate with venous 
patency until the day of rib resection and no distal embolization resulting in PE.1

REFERENCES
1. Maldonado TS. Endovascular thrombus removal in patients with Paget-Schroetter syndrome: use of the Indigo 
System. Presented at: VEITHsymposium 2018; November 16, 2018; New York, NY.
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ClotTriever® Thrombectomy System
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Case Example
• A 73- year old female, history 

of DVT for 3 mos with 
persistent leg edema and 
treated with Eliquis

• Popliteal access
• 7 total ClotTriever passes with 

PTA
• Venovo stent in LEIV
• Discharged the same day 

Case courtesy of Dr. Gerald Fortuna, 
Washington University, St. Louis, MO



Case Example 
A 58-year-old man diagnosed 
with unilateral deep vein 
thrombosis (DVT) of the left 
lower extremity with complete 
occlusion of the external iliac 
and common femoral veins. 
ClotTriever was used with PTA 
resulting in 100% thrombus 
removal with an estimated 
blood loss of 10 mL. The 
patient avoided the intensive 
care unit (ICU) and was 
discharged after 48 hours. 
Venograms (A) before 
and (B) after thrombectomy 
show restoration of flow with 
the extracted thrombus (C and 
D).

Case images courtesy of Dr Hamid Mojibian,
Yale University School of Medicine, New Haven, CT
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6-month CLOUT Results

Other clinical outcomes through 6 months. Percentage of treated limbs categorized using Villalta scores at 30 days and 
6 months after the procedure. Villalta score categories: no post-thrombotic syndrome (PTS): Villalta of <5; mild PTS, Villalta
of 5-9; moderate PTS, Villalta of 10-14; and severe PTS, Villalta of ≥15. (A) Box-and-whisker plots showing Revised Venous 
Clinical Severity Score (rVCSS) (B), and EuroQol group 5-dimension self-report questionnaire (EQ-5D) Quality of life 
score (C) (n = 159-197 limbs and 157-196 patients).
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Effective thrombus removal in all subgroups

Dexter DJ. J Vasc Surg Venous Lymphat Disord. 2022
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Sustained Villalta Score & PTS Improvements

Dexter DJ. J Vasc Surg Venous Lymphat Disord. 2022
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CLOUT Conclusions
• In this interim analysis from the CLOUT registry, the ClotTriever System demonstrated 

successful treatment of a range of thrombus chronicities within an all-comer DVT patient 
population with a favorable efficacy and safety profile without the need for thrombolytic 
drugs or consequent ICU stay 

• The primary effectiveness end point of complete or near-complete (≥75%) thrombus 
removal was achieved in 85.8% of treated limbs.

• Mechanical thrombectomy with the ClotTriever System is a safe procedure with a low 
0.4% rate of device-related SAEs through 30 days.

• Clinically and statistically significant improvements in outcome measures 
• Substantial improvements in Villalta scores, PTS rates, NPRS pain scores, rVCSS, 

and EQ-5D QoL through 6 months
• Only 24% of treated limbs had PTS at 6 months, with moderate to severe PTS seen 

in less than 9%
• In the CLOUT registry, patient follow-up will continue out to 2 years to further examine the 

long-term clinical outcomes after mechanical thrombectomy using ClotTriever System.
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Summary
• Multiple RCTs have found symptomatic benefit of early percutaneous DVT debulking in 

accordance with the open vein hypothesis. 

• Multiple academic and clinical venous societies have incorporated percutaneous treatment 
recommendations into clinical guidelines for the treatment of DVT. 

• Although anticoagulation and compression remain the mainstay of treatment, patients with 
moderate to severe swelling and pain, low bleeding risk, and good life expectancy could 
potentially be treated with a combination of pharmacological and mechanical thrombectomy 
methods. 

• CDT procedures are generally safe but do confer an increased risk of bleeding. 

• Mechanical thrombectomy is safe, effective across all thrombus subtypes, and yields 
improvement in all clinical outcomes assessed without the morbidity associated with tPA.

• Regardless of the treatment modality, physicians should strive for complete thrombus clearance 
assessed using IVUS, and residual disease should be stented to mitigate the risk of PTS. 

• With the increasing popularity of percutaneous thrombus removal, it is essential to familiarize 
oneself with the who, when, and how of venous thrombosis treatment to provide effective and 
durable symptom relief to our patients.
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Conclusion

Can We Do This Without 
Thrombolysis?

YES.
Thank you.


