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Catheter Interventions for Acute Deep Venous Thrombosis: Who, When and How
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Deep venous thrombosis (DVT) is common and can be a source of morbidity by way of pulmonary embolism and post-thrombotic syndrome.
Recent trials have demonstrated both early and late symptomatic benefit in venous thrombolysis and early recanalisation of the iliocaval system
of selected patients. Based on the emerging evidence, national societies have published guidelines that recommend early thrombus removal
in iliofemoral DVT in patients with low bleeding risk and good life expectancy. In light of these recommendations, endovenous thrombolysis
and/or thrombectomy have become more popular among vein specialists. AS more venous technology becomes available, surgeons and
interventionalists should take pause and ensure their patient selection and treatment algorithms parallel that of existing and emerging evidence.
This article summarises current evidence, technology, and the approach used at a high-volume academic centre in treating iliofemoral DVT.
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Deep venous thrombosis (DVT) affects approximately one in 1,000
patients yearly, and 40-70% of these patients will develop post-
thrombotic syndrome (PTS) in their lifetime: a constellation of symptoms
and signs of chronic venous insufficiency, including pain, swelling,
varicose veins, and ulcerations.? PTS is associated with profound
morbidity and cost, which justifies the attention it has received in
recent years in the form of randomised controlled trials (RCTs) on how
to decrease its incidence.®®

The pathophysiology of PTS is believed to be a culmination of outflow
obstruction, valvular damage leading to reflux, and chronic
inflammation secondary to thrombosis.® The ‘open vein hypothesis’
endorses the relieving of the venous obstruction in order to improve
flow and decrease the risk of reflux, thereby reducing the chance of
developing PTS.” Anticoagulation at this time remains the mainstay of
treatment for DVT, with dose durations varying based on aetiology
according to the American College of Chest Physicians (CHEST)
guidelines.® Prolonged anticoagulation, however, has not been shown
to reduce the risk of PTS, and recanalisation of the iliac vein is rare
after a DVT.?

Some view the results of the 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 (EXACT) study
as evidence supporting the open vein hypothesis. That study was an
RCT comparing standard and extended regimens of anticoagulation
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that demonstrated no differences in the risk of PTS or in quality of
life (QOL).°

The landmark Catheter-directed Venous Thrombolysis (CaVvenT) and
Acute Venous Thrombosis: Thrombus Removal with Adjunctive
Catheter-directed Thrombolysis (ATTRACT) trials were the first to show
a benefit with catheter-based interventions in preventing or alleviating
PTS in patients with first-time DVT. The former found an absolute risk
reduction in the development of PTS of 14.4% at 2 years and 28% at
5 years, while the latter demonstrated lower incidence of moderate
(Villalta score >9) and severe (Villalta score >15) PTS, faster pain relief,
and improved QOL for patients with iliofemoral DVT.3* The most recent
Catheter-directed Thrombolysis versus Anticoagulation (CAVA) trial,
which randomised patients with iliofemoral DVT to ultrasound-assisted
thrombolysis or anticoagulation, failed to show a benefit in preventing
PTS development at 1 year follow-up.® The conflicting results of the
studies have raised criticism mainly with regard to incorrect patient
inclusion or technical inappropriateness.™

We need to acknowledge, otherwise, that catheter-based interventions
come at a cost. Although no difference in mortality has been shown,
when compared with anticoagulation alone, catheter-directed
thrombolysis (CDT) has been associated with higher rates of blood
transfusion, pulmonary embolism, intracranial haemorrhage, and vena
cava filter placement. In some countries, CDT is also associated with
longer hospital stay and threefold higher hospital costs.” Despite these
disadvantages, current evidence helps us to better select our patients,
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Table 1: Contraindications to the Use of Thrombolytics

Absolute Contraindications

Active bleeding

Disseminated intravascular coagulation

Recent (<3 months) stroke/transient ischemic attack

Recent (<3 months) neurosurgery

Recent (<3 months) intracranial trauma

Relative Contraindications

Recent (<10 days) CPR/chest compressions

Recent (<10 days) major surgery or trauma

Recent (<10 days) delivery

Recent (<3 months) major gastrointestinal bleed

Serious allergy to tPA or contrast

Severe thrombocytopenia

Renal failure

Infected thrombus

Pregnancy/lactation

CPR = cardiopulmonary resuscitation; tPA = tissue plasminogen activator.

Figure 1: Author Recommendations for
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experience keeps improving, and the popularity of endovenous
treatment will continue to grow. With the advent of new devices, it is
imperative for vascular surgeons and interventionalists to increase
their familiarity with the technigues and to choose their patients wisely.

Patient Selection Algorithm

The ATTRACT trial demonstrated no benefit of intervention for patients
with femoropopliteal DVT."? The CaVenT study demonstrated successful
outcomes in patients with up to 21 days of symptoms, but we have
noted an approximately 90% technical success rate in patients with
symptoms for up to 30 days at our institution.®' It is thus our practice
to consider intervention for patients with iliofemoral DVT and symptoms
for less than 30 days.

Symptom severity represents the next decision point with regard to
who and how to intervene. For patients presenting with limb-
threatening ischaemia (phlegmasia), emergency clot removal is self-
explanatory as the only option, while asymptomatic patients would not
qualify for any intervention.”™ The difficulty in decision-making is for
those with mild-moderate pain and swelling. Patients with moderately
severe symptoms are typically monitored on IV heparin infusion for
24-48 hours. If symptoms persist or worsen even with ambulation,
intervention can be offered, provided the patient is ambulatory with
acceptable life expectancy. A small subset of this group may opt for
immediate clot removal (e.g. young, athletic patients) after a thorough
discussion of expectations and risks.

Among those who warrant intervention, bleeding risk is the final
criterion that must be evaluated. Pharmacomechanical thrombolysis
and/or catheter dripping of thrombolytics are generally reserved for
patients with low bleeding risk. High bleeding risk patients (Table 1)
should be treated with aspiration thrombectomy with minimal or no
use of thrombolytics.” Those with moderate bleeding risk are treated at
the surgeon’s discretion with pharmacomechanical thrombectomy
(PMT) and/or aspiration thrombectomy with sparing use of tissue
plasminogen activator (tPA; Figure 1).

Optimising Outcomes

Achieving optimal results requires far more than selecting the right
patient and technique. A certain to do list needs to be followed to
minimise  failure.  Herein we summarise our institution’s
recommendations to prolong patency.

Thrombus Clearance

Achieving thrombus clearance of >90% is of paramount importance.
Mewissen et al. found in their review of 221 iliofemoral DVTs within the
national venous registry a clinical success (>50% thrombus clearance)
rate of 83%. Primary patency was significantly better in patients with
>50% clot removal (85%) compared with those with significant residual
disease (36%)." In our investigation of 142 patients who underwent
CDT/PMT and stenting, technical success was achieved in more than
90% of patients with a 1-year primary stent patency of 83.1%. The
strongest predictor of stent thrombosis was incomplete lysis (<50%
thrombus clearance), HR 7.41. Furthermore, incomplete lysis was also
the strongest predictor of the development of PTS in 5 years."”

Stenting

In the landmark trials, stenting of identifiable obstructive lesions after
DVT lysis was performed in less than 50% of cases.®>*™ However,
stenting has evolved to become an essential component of acute DVT
intervention given that multiple studies have demonstrated improved
patency with adjunctive stenting after thrombolysis. Mewissen et al.
demonstrated 1-year primary patency of 74% with stenting compared
with 53% without.™ Similarly, Meng et al. from China randomised 74
patients with >50% venous obstructive lesions discovered after
thrombolysis to stenting versus no stent placement. The stented group
benefitted from significantly greater primary patency rates (86% versus
55%) and improvements in symptomatology based on various clinical
scales.” Current guidelines recommend the use of self-expanding
stents in iliocaval lesions that are uncovered by thrombus removal.™
Current convention defines 50% stenosis as the threshold for stenting.
The Venogram Versus Intravascular Ultrasound for Diagnosing and
Treating lliofemoral Vein Obstruction (VIDIO) trial validated this threshold
and reported 6-month clinical improvement with stenting of thrombotic
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lesions causing >54% area reduction.” In a 2015 meta-analysis, 1-year
stent primary patency was 87% for acute thromboses.? Stenting rates
have been steadily increasing since the early trials and continue to do
so with the advent of novel dedicated venous stents. In the same meta-
analysis, stenting in acute DVT ranged from 34% to 100%.%°

In principle, optimal outcomes are achieved when the stent lands in
healthy vein segments proximally and distally. Recent studies (including
from our institution) have reported mixed results regarding duration of
lysis treatment and stented vein length.?"2% In our experience, we found
no difference in stented length between single PMT sessions and
staged CDT/PMT interventions.?" Historically, longer stents have been
associated with inferior patency, but no differences were found in
these studies.?’** Regarding extension to the infrainguinal level, there
is little controversy regarding its necessity when disease extends to
that level. However, patency and long-term outcomes will likely be
inferior, mainly due to the extent of the disease and not because of
stent complications (fractures are very rare). Neglen et al. demonstrated
an association with worse secondary patency, with infrainguinal
extension of stents mirroring the severity of the chronic disease.”® In
our institution’s experience, stenting into the common femoral vein
was not predictive of stent failure, at least, for our 3-year follow-up. It
was predictive, however, of PTS development, which is also a sign of
more extensive disease.?’

Proximal extension of the stent into the vena cava has been
recommended to guarantee complete coverage of the proximal iliac
vein lesion/compression and to compensate for the reduced peripheral
radial forces of the traditionally used Wallstent (Boston Scientific). Stent
extension into the vena cava, however, jails the contralateral iliac vein,
and there has been increasing concern regarding development of
contralateral DVT. According to our own experience, we found no
significant association between caval extension and contralateral DVT
development, as recurrent DVT seems to occur irrespective of stent
placement; still, we cannot ignore it is a precipitating factor.” Khairy
et al. published a 4% contralateral DVT rate for 376 patients (84%
Wallstent) at two institutions, while a 2019 systematic review by Duarte-
Gamas et al. reported an incidence ranging from 0 to 15.6% in 1,864
patients.?¢?” Novel stents with their uniform radial force have reduced
the need to extend far into the vena cava.

Dedicated venous stents have been available over the past few years
in Europe and have recently been Food and Drug Administration
approved and entered the US market (Table 2). Gone are the days when
we resorted to using stents designed for the smaller and more dynamic
arterial system. Arteries bear a different haemodynamic load compared
to larger, low flow, externally compressed, or scarred veins. Large
venous stents provide better inflow and outflow avenues. Raju et al.
investigated the utility of iliac vein stent oversizing by 2 mm compared
to the anatomic norms and confirmed larger flow channels on
intravascular ultrasound (IVUS) and better clinical outcomes.? It is thus
our practice to use 16-18 mm stents in the common iliac vein, 14 mm
stents in the external iliac vein, and 12-14 mm when extending distally
to the common femoral vein.

Intravascular Ultrasound

The utility of IVUS (Philips) cannot be overstated. In contemporary
practice, IVUS is essential to identify obstructive venous lesions, guide
stent diameters, landing zones and to confirm a satisfactory final
outcome. The 2017 VIDIO trial compared measurements of venous
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Table 2: Venous Stents Currently Available for Use

Brand Design Tips and Tricks
Wallstent (Boston Self-expanding, Maximum diameter 24 mm;
Scientific) stainless steel, significant foreshortening,

braided closed cell  inaccurate deployment, weak

radial force at the ends

Venovo (Bard) Self-expanding

nitinol, open cell

8-10 Fr delivery, maximum
diameter 20 mm, flared ends;
VERNACULAR study
(NCT02655887)

9 Fr system up to 16 mm
diameter; VIRTUS trial
(NCT02112877)

7 Fr system, 14-16 mm
diameter; VIVO trial
(NCT01970007) enrolling

Vici (Boston Scientific)  Self-expanding

nitinol, closed cell

Zilver Vena (Cook
Medical)

Self-expanding
nitinol, open cell

Abre (Medtronic)? Self-expanding

nitinol, open cell

9 Fr delivery, 10-20 mm
diameter

'Not yet Food and Drug Administration approved.

anatomy in 100 patients using both multiplanar venography and IVUS.%
Use of IVUS led to the detection of clinically significant vein stenosis
(>50% stenosis) in 81 patients versus 51 patients via venography. More
importantly, the use of IVUS led to a change in treatment plan in 57
patients: 54 patients received stents for lesions not otherwise seen on
venography and 3 patients had false positive findings on venography
that were not seen on IVUS.? Authors of the VIDIO trial concluded that
IVUS was both more sensitive and more specific than venography for
identifying and sizing iliac vein stenosis.?” Furthermore, a subsequent
publication reported that clinical improvement could be predicted by
the percent change in vein diameter before and after treatment.”
However, at this time, long-term patency with and without the use of
IVUS has yet to be compared.

Catheter Techniques
Here we aim to describe the main thrombectomy techniques/devices
in the deep venous armamentarium.

Catheter-directed Thrombolysis

CDT or lytic dripping is the standard baseline technique for delivering
tPA into the thrombus, softening it. It can be achieved through a 5 Fr
system with femoral or popliteal vein access. A multi-sidehole infusion
catheter can be manoeuvred over a wire until it is embedded in the
iliocaval thrombus. Through this catheter, a continuous infusion of
1 mg/h tPA is delivered. Simultaneously, 500 units/h of unfractionated
heparin is infused through the sheath sideport. The patient’s neurologic
function is evaluated every 2 hours, usually in the intensive care unit.
Complete blood counts and coagulation levels (e.g. fibrinogen) are
checked every 4-6 hours. The patient is brought back to the angiography
suite for lysis check versus termination and stenting every 8-24 hours.
Performed alone, this technique may take 24-48 hours to complete.
Technical success rates with CDT alone range from 83% to 100%.%%'224
Bleeding complications ranged from 4% to 9% which included
haematomas or transfusion requirements.®*” A 2016 Cochrane review,
the CaVenT study and ATTRACT trial reported no incidences of stroke
or intracerebral haemorrhage.®+* Overall, in the right patient, CDT is
effective and safe. However, due to the prolonged tPA infusion times
and increased costs, the authors’ practice has gradually shifted to a
single-stage, PMT-only approach with adjunctive CDT if thrombus
clearance is unsatisfactory.
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Figure 2: Treatment of lliofemoral Deep Venous
Thrombosis With the Indigo CAT 8

Wallstent o
16 mm x 9 cm

': -
A: Extensive iliofemoral deep venous thrombosis and thrombocytopenia of unknown
aetiology in a 29-year-old woman who presented with right leg pain and swelling. B: Due to
bleeding risk, aspiration thrombectomy was performed with the Indigo CAT 8 in a single

session without the use of tissue plasminogen activator. C: Post-aspiration venogram showed
residual disease, which was stented successfully (D and E).

Ultrasound-assisted CDT

Standard dripping can be enhanced with ultrasound, which has shown
increased clot lysis in vitro.®" This is the theory behind the EkoSonic
catheter (EKOS). The EKOS catheter is the multi-sidehole infusion
catheter combined with a high-frequency ultrasound transducer to
increase lytic penetration into the thrombus. The technique for
ultrasound-assisted (UA) CDT is similar to standard dripping except for
the need for normal saline coolant and the ultrasound tower. Patients
are similarly monitored for neurologic changes and abrupt changes in
their laboratory work. The recently published RCT comparing UACDT
versus anticoagulation (CAVA trial) showed no difference in PTS
development, PTS severity, or QOL at 1 year.®

Currently only one RCT has compared standard CDT and UACDT: the
Ultrasound-enhanced Thrombolysis versus Standard Catheter-directed
Thrombolysis for lliofemoral Deep Vein Thrombosis (BERNUTIFUL) trial.*
Engelberger et al. randomised 48 patients to 20 mg tPA over 15 hours
via UACDT versus CDT. At the end of 15 hours, both groups had
significantly less thrombus burden compared with baseline but there
were no significant differences seen between groups in clot clearance,
hospital length of stay, or 3-month patency. No differences were found
at 1 year as well, and the authors concluded that the addition of
ultrasound energy to CDT had no impact on clinical outcomes.®%

Rheolytic Thrombolysis

In line with the Society for Vascular Surgery/American Venous Forum
guidelines for early thrombus removal,’™ our own institution’s practice
is a 'PMT-first’ approach followed by selective CDT with the goal of
completing clot removal in one session. This is performed most often
with the AngioJet catheter (Boston Scientific). The Angiolet catheter
works in two phases. The first is the power-pulse mode in which
6-10 mg tPA in saline solution is forcefully sprayed into the thrombus.
After 30 minutes to allow tPA to soften and partially dissolve the clot,
the thrombectomy mode is activated. Using multiple directional saline
jets, a pressure gradient is created that draws softened thrombus into
the multiple inflow windows of the catheter and then into the collection
bag. In 2015, Garcia et al. published the results of the Peripheral use of
AngioJet Rheolytic Thrombectomy with a Variety of Catheter Lengths
(PEARL) study, which describes outcomes after peripheral use of
AngioJet thrombectomy in DVTs. Twelve-month patency was 83% with

a 3.6% bleeding event rate, leading the authors to conclude that
rheolytic PMT is a safe and effective potential alternative to CDT.** The
Zelante catheter (Boston Scientific) is the latest development of the
Angiolet technology. This 8-Fr system utilises a singular, larger power-
pulse, saline jet, and single inflow window, which allows the operator to
control and focus on a specific area by rotating the catheter in order to
effectively treat the vessel wall circumferentially.

Clinical guidelines recommend a PMT-first approach over CDT based on
similar efficacy and potentially better safety. Two meta-analyses from
China demonstrated that PMT + CDT is not inferior and may be superior
to CDT alone.**3* One study reported no difference in Villalta scores
while the other stated that PMT achieves lower scores. Both studies
concluded shorter hospital stays, lysis time and volume, with similar
bleeding complication rates.** One particular study by Lin et al.
compared CDT (n=46) and Angiolet (n=52) and found no differences in
technical success and symptom relief® The PMT group, however,
underwent significantly fewer venograms, less lytic infusion time
(76 minutes versus 18 hours), and shorter ICU stays (0.6 versus
2.4 days). Safety profiles were similar but with the CDT group requiring
more blood transfusions.*” In our experience, Angiolet PMT in a single
session was not associated with any significant differences in technical
success, differences in stented length, or long-term patency.?’ PMT
alone was also associated with fewer trips to the operating room and
no difference in clinical improvement when compared with CDT.™
Rheolytic PMT, however, is not infallible. AngioJet use is associated with
acute kidney injury (AKIl) in up to 20% of patients.*®* In our own
experience, >95% of these AKIs are transient and resolve in the first
30 days after the procedure, and can be eliminated by staging extensive
iliocaval DVTs (starting with a few-hour lytic drip), thus lowering the
thrombectomy volumes.“©

Aspiration

Aspiration techniques have been traditionally reserved for patients who
would benefit from early thrombus removal but have a contraindication
to receiving pharmacological thrombolysis. More recently, novel
aspiration thrombectomy devices have entered the market and
increased utilisation is seen, justified by the known risks and time-
consuming nature of thrombolytics. Safety and efficacy against
thrombolytics/rheolysis and PTS development have yet to be described.

Syringe Aspiration

Aspiration using a large-bore catheter and syringe is the simplest possible
technique and can be selectively performed when small amounts of clot
are present. A Turkish RCT compared a 9 Fr catheter/20 ml syringe
aspiration system to anticoagulation. Technical success (unobstructed
venous flow) was achieved in 90.4% of patients (n=19). At 1-, 3-, and
12-month follow-up, the aspiration group had significant improvement in
clinical symptom scores. Although significantly higher than the
anticoagulation control group, 1-year primary patency was only 57.1%.'

Penumbra Indigo

The Indigo CAT 8 (Penumbra) is a single-use, powerful 8 Fr aspiration
catheter that can aspirate up to 160 ml/s. It consists of three
components: a suction catheter, a separator for fragmentation and
cleaning, and the vacuum pump. Currently, no studies exist comparing
the Indigo CAT with pharmacological techniques. One retrospective
series of 10 patients had >70% thrombus clearance in a single session
in six patients, while the remaining four required adjunctive
percutaneous methods of clot removal. Long-term patency data were
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not available. However, no bleeding complications were reported, and
none of the patients required transfusion.*? Indigo CAT 8 may provide
an alternative to thrombolysis infusion or PMT (Figure 2).

AngioVac

The AngioVac (AngioDynamics) is a large veno-venous filtration system
requiring drainage and reinfusion cannulas. The suction catheter
requires 26 Fr venous access, one of the device's limitations. Due to its
large size, it is most frequently used for caval and iliac thromboses.
Limited data on the AngioVac system exist. A meta-analysis found that
patients undergoing AngioVac aspiration for thrombotic indications had
successful recanalisation rates of approximately 80%.%

Inari FlowTriever and ClotTriever

The FlowTriever and ClotTriever devices (Inari Medical) combine both
aspiration and mechanical thrombectomy into one device without the
need for pharmacological lysis. They are currently available in the US
only. The FlowTriever consists of a 16-24 Fr aspiration sheath that is
advanced up to the distal end of the thrombus, which is then drawn to
the vacuum sheath. Thrombectomy can be assisted as needed with
nitinol discs that engage the clot and pull into the FlowTriever sheath.
The ClotTriever is a 13 or 16 Fr, mechanical thrombectomy system with
a catheter coring element and collection bag that is deployed proximal
to the thrombus and retracted into the sheath. Successful use of these
devices is available as case reports and small series (Figure 3). The most
recent series of 12 patients demonstrated 100% technical success, 92%
clinical improvement, and 80% patency at early follow-up.**

Conclusion

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

Figure 3: Treatment of Thrombus with the ClotTriever Device

A: CT venogram showing thrombus in the left common femoral vein (white arrow) of a
64-year-old man who presented with left lower extremity pain and swelling with ambulation.
B: ClotTriever device (black arrow) was used with (C) successful thrombus removal without
the use of Iytics.

of treatment, patients with moderate swelling and pain, low bleeding
risk, and good life expectancy could potentially be treated with a
combination of pharmacological and mechanical thrombectomy
methods. These procedures are generally safe but do confer an
increased risk of bleeding or AKI. Thus, patient and technigue selection
should be of utmost importance. Regardless of the treatment modality,
physicians should strive for complete clot clearance, and residual
disease should be assessed on IVUS and subsequently stented. With
the increasing popularity of percutaneous thrombus removal, it is
essential to familiarise oneself with the who, when, and how of venous
thrombosis treatment to provide effective and durable symptom relief
to our patients. ®

Roberston L, McBride O, Burdess A. Pharmacomechanical
thrombectomy for iliofemoral deep vein thrombosis. Cochrane
Database Syst Rev 2016;11:CD0O11536. https://doi.
0rg/10.1002/14651858.CD0O011536.pub2; PMID: 27814432,
Kahn SR. The post-thrombotic syndrome. Hematology Am Soc
Hematol Educ Program 2016;2016:413-8. https://doi.
0rg/10.1182/asheducation-2016.1.413; PMID: 27913509.

Haig Y, Enden T, Grotta O, et al. Post-thrombotic syndrome
after catheter-directed thrombolysis for deep vein thrombosis
(CavenT): 5-year follow-up results of an open-label,
randomized controlled trial. Lancet Haematol 2016;3:e64-71.
https://doi.org/10.1016/S2352-3026(15)00248-3;

PMID: 2685365.

Comerota AJ, Kearon C, Gu CS, et al. Endovascular thrombus
removal for acute iliofemoral deep vein thrombosis. Circulation
2019;139:1162-73. https://doi.org/10.1161/
CIRCULATIONAHA.118.037425; PMID: 30586751.

Notten P, Ten Cate-Hoek AJ, Arnoldussen CWKP, et al.
Ultrasound-accelerated catheter-directed thrombolysis versus
anticoagulation for the prevention of post-thrombotic

syndrome (CAVA): a single-blind, multicenter, randomized trial.

Lancet Haematol 2020;7:€40-9. https://doi.org/10.1016/52352-
3026(19)30209-1; PMID: 31786086.

Baldwin MJ, Moore HM, Rudarakanchana N, et al. Post-
thrombotic syndrome: a clinic review. J Thromb Haemost
2013;11:795-805. https://doi.org/10.1111/jth.12180;

PMID: 23433231.

Nathan AS, Giri J. Reexamining the open-vein hypothesis for
acute deep venous thrombosis. Circulation 2019;139:1174-6.
https://doi.org/10.1161/CIRCULATIONAHA.118.037903;

PMID: 30802168.

Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for
VTE disease: CHEST guideline and expert panel report. Chest
2016;149:315-52. https://doi.org/10.1016/j.chest.2015.11.026;
PMID: 26867832.

Bradbury C, Fletcher K, Sun Y, et al. A randomized controlled
trial of extended anticoagulation treatment versus standard
treatment for the prevention of recurrent venous
thromboembolism (VTE) and post-thrombotic syndrome in

VASCULAR & ENDOVASCULAR REVIEW

14.

patients being treated for a first episode of unprovoked VTE
(the EXACT study). Br J Haematol 2020;188:962-75. https://doi.
0rg/10.1111/bjh.16275; PMID: 31713863.

. Avgerinos EA, Chaer RA. The ATTRACTiveness of catheter-

PMID: 29661361.

. Vedantham S, Goldhaber Sz, Julian JA, et al.

radiology.211.1.r99ap4739; PMID: 10189452.

PMID: 31495256.

jvir.2014.04.019; PMID: 25000825.

. Avgerinos E, Saadeddin Z, Abou Ali AN, et al. Outcomes and

predictors of failure of iliac vein stenting after catheter-
directed thrombolysis for acute iliofemoral thrombosis. J Vasc
Surg Venous Lymphat Disord 2019;7:153-61. https://doi.
0rg/10.1016/j.jvsv.2018.08.014; PMID: 30660580.

directed thrombolysis. J Vasc Surg Venous Lymphat Disord 18. Meng QY, Li XQ, Jiang K, et al. Stenting of iliac vein obstruction
2018;6:303. https://doi.org/10.1016/j.jvsv.2018.02.002; following catheter-directed thrombolysis in lower extremity
deep vein thrombosis. Chin Med J (Engl) 2013;126:3519-22.
. Bashir R, Zack CJ, Zhao H, et al. Comparative outcomes of PMID: 24034101.
catheter-directed thrombolysis plus anticoagulation vs 19. Gagne PJ, Gasparis A, Black S, et al. Analysis of threshold
anticoagulation alone to treat lower-extremity proximal deep stenosis by multiplanar venogram and intravascular
vein thrombosis. JAMA Intern Med 2014;174:1494-501. https:// ultrasound examination for predicting clinical improvement
doi.org/10.1001/jamainternmed.2014.3415; PMID: 25047081. after iliofemoral vein stenting in the VIDIO trial. J Vasc Surg
Venous Lymphat Disord 2018;6:48-56. https://doi.org/10.1016/j.
Pharmacomechanical catheter-directed thrombolysis for jvsv.2017.07.009; PMID: 29033314.
deep-vein thrombosis. N Engl J Med 2017;377:2240-52. https:// 20. Razavi MK, Jaff MR, Miller LE. Safety and effectiveness of stent
doi.org/10.1056/NEJM0a1615066; PMID: 29211671. placement for iliofemoral venous outflow obstruction:
. Hager E, Yuo T, Avgerinos E, et al. Anatomic and functional systematic review and meta-analysis. Circ Cardiovasc Interv
outcomes of pharmacomechanical and catheter-directed 2015,8:€002772. https://doi.org/10.1161/
thrombolysis of iliofemoral deep venous thrombosis. J Vasc CIRCINTERVENTIONS.115.002772; PMID: 26438686.
Surg Venous Lymphat Disord 2014;2:246-52. https://doi. 21. Go C, Saadeddin Z, Pandya Y, et al. Single- versus multiple-
0rg/10.1016/j.jvsv.2014.02.003; PMID: 26993382. stage catheter-directed thrombolysis for acute iliofemoral
Mewissen MW, Seabrook GR, Meissner MH, et al. Catheter- deep venous thrombosis does not have an impact on iliac
directed thrombolysis for lower extremity deep venous vein stent length or patency rates. J Vasc Surg Venous Lymphat
thrombosis: report of a national multicenter registry. Disord 2019;7:781-8. https://doi.org/10.1016/j.jvsv.2019.05.010;
Radiology 1999;211:39-49. https://doi.org/10.1148/ PMID: 31495769.
22. Dopheide JF, Sebastian T, Engelberger RP, et al. Early clinical
. Gianesini S, Obi A, Onida S, et al. Global guidelines trends and outcomes of a novel rheolytic directional thrombectomy
controversies in lower limb venous and lymphatic disease: technique for patients with iliofemoral deep vein thrombosis.
narrative literature revision and experts’ opinions following Vasa 2018;47:56-62. https://doi.org/10.1024/0301-1526/
the vWINter international meeting in Phlebology, Lymphology a000666; PMID: 28980513.
& Aesthetics 23-25 January 2019. Phlebology 2019;34(1 23. Liu G, QinJ, Cui C, et al. Comparison of direct iliofemoral
Suppl):4-66. https://doi.org/10.1177/0268355519870690; stenting following Angiolet rheolytic thrombectomy vs staged
stenting after Angiolet rheolytic thrombectomy plus catheter-
. Vedantham S, Sista AK, Klein SJ, et al. Quality improvement directed thrombolysis in patients with acute deep vein
guidelines for the treatment of lower-extremity deep vein thrombosis. J Endovasc Ther 2018;25:133-9. https://doi.
thrombosis with use of endovascular thrombus removal. J 0rg/10.1177/1526602817714570; PMID: 28618846.
Vasc Interv Radiol 2014;25:1317-25. https://doi.org/10.1016/]. 24. Park Y], Choi JY, Min SK, et al. Restoration of patency in

iliofemoral deep vein thrombosis with catheter-directed
thrombolysis does not always prevent post-thrombotic


https://doi.org/10.1002/14651858.CDO011536.pub2
https://doi.org/10.1002/14651858.CDO011536.pub2
https://doi.org/10.1182/asheducation-2016.1.413
https://doi.org/10.1182/asheducation-2016.1.413
https://doi.org/10.1016/S2352-3026(15)00248-3
https://doi.org/10.1161/CIRCULATIONAHA.118.037425
https://doi.org/10.1161/CIRCULATIONAHA.118.037425
https://doi.org/10.1016/S2352-3026(19)30209-1
https://doi.org/10.1016/S2352-3026(19)30209-1
https://doi.org/10.1111/jth.12180
https://doi.org/10.1161/CIRCULATIONAHA.118.037903
https://doi.org/10.1016/j.chest.2015.11.026
https://doi.org/10.1111/bjh.16275
https://doi.org/10.1111/bjh.16275
https://doi.org/10.1016/j.jvsv.2018.02.002
https://doi.org/10.1001/jamainternmed.2014.3415
https://doi.org/10.1001/jamainternmed.2014.3415
https://doi.org/10.1056/NEJMoa1615066
https://doi.org/10.1056/NEJMoa1615066
https://doi.org/10.1016/j.jvsv.2014.02.003
https://doi.org/10.1016/j.jvsv.2014.02.003
https://doi.org/10.1148/radiology.211.1.r99ap4739
https://doi.org/10.1148/radiology.211.1.r99ap4739
https://doi.org/10.1177/0268355519870690
https://doi.org/10.1016/j.jvir.2014.04.019
https://doi.org/10.1016/j.jvir.2014.04.019
https://doi.org/10.1016/j.jvsv.2018.08.014
https://doi.org/10.1016/j.jvsv.2018.08.014
https://doi.org/10.1016/j.jvsv.2017.07.009
https://doi.org/10.1016/j.jvsv.2017.07.009
https://doi.org/10.1161/CIRCINTERVENTIONS.115.002772
https://doi.org/10.1161/CIRCINTERVENTIONS.115.002772
https://doi.org/10.1016/j.jvsv.2019.05.010
https://doi.org/10.1024/0301-1526/a000666
https://doi.org/10.1024/0301-1526/a000666
https://doi.org/10.1177/1526602817714570
https://doi.org/10.1177/1526602817714570

Venous

25.

26.

27.

28.

29.

30.

31.

32.

damage. Eur J Vasc Endovasc Surg 2008;36:725-30. https://doi.
0rg/10.1016/j.ejvs.2008.08.020; PMID: 18851923.

Neglen P, Tackett TP Jr, Raju S. Venous stenting across the
inguinal ligament. J Vasc Surg 2008;48:1255-61. https://doi.
0rg/10.1016/j.jvs.2008.06.035; PMID: 18771877.

Khairy SA, Neves RJ, Hartung O, et al. Factors associated with
contralateral deep venous thrombosis after iliocaval venous
stenting. Eur J Vasc Endovasc Surg 2017;54:745-51. https://doi.
0rg/10.1016/j.6jv5.2017.07.011; PMID: 28886989.
Duarte-Gamas L, Rocha-Neves JP, Pereira-Neves A, et al.
Contralateral deep vein thrombosis after stenting across the
iliocaval confluence in chronic venous disease: a systematic
review. Phlebology 2020;35:221-30. https://doi.
0rg/10.1177/0268355519889873; PMID: 31793374.

Raju S, Knight A, Buck W, et al. Caliber-targeted
reinterventional overdilation of iliac vein Wallstents. J Vasc Surg
Venous Lymphat Disord 2019;7:184-94. https://doi.org/10.1016/j.
jvsv.2018.06.015; PMID: 30771830.

Gagne PJ, Tahara RW, Fastabend CP, et al. Venography versus
intravascular ultrasound for diagnosing and treating
iliofemoral vein obstruction. J Vasc Surg Venous Lymphat Disord
2017;5:678-87. https://doi.org/10.1016/].jvsv.2017.04.007;
PMID: 28818221.

Foegh P, Jensen LP, Klitfod L, et al. Editor's choice: factors
associated with long-term outcome in 191 patients with
iliofemoral DVT treated with catheter-directed thrombolysis.
Eur J Vasc Endovasc Surg 2017;53:419-24. https://doi.
0rg/10.1016/].jvs.2016.12.023; PMID: 28132743.

Blinc A, Francis CW, Trudnowski JL, Carstensen EL.
Characterization of ultrasound-potentiated fibrinolysis in vitro.
Blood 1993;81:2636-43; PMID: 8490172.

Engelberger RP, Spirk D, Willenberg T, et al. Ultrasound-assisted
versus conventional catheter-directed thrombolysis for acute

33.

34.

35.

36.

37.

38.

iliofemoral deep vein thrombosis. Circ Cardiovasc Interv
2015,8(1):2002027. https://doi.org/10.1161/
CIRCINTERVENTIONS.114.002027; PMID: 25593121.
Engelberger RP, Stuck A, Spirk D, et al. Ultrasound-

assisted versus conventional catheter-directed thrombolysis
for acute iliofemoral deep vein thrombosis: 1-year follow-up
data of a randomized-controlled trial. J Thromb Haemost
2017;15:1351-60. https://doi.org/10.1111/jth.13709;

PMID: 28440041.

Garcia MJ, Lookstein R, Malhotra R, et al. Endovascular
management of deep vein thrombosis with rheolytic
thrombectomy: final report of the prospective multicenter
PEARL (Peripheral use of Angiolet rheolytic thrombectomy
with a variety of catheter lengths) registry. J Vasc Interv Radiol
2015;26:777-85. https://doi.org/10.1016/}.jvir.2015.01.036;
PMID: 25824314.

Wang W, Sun R, Chen Y, et al. Meta-analysis and systematic
review of percutaneous mechanical thrombectomy for lower
extremity deep vein thrombosis. J Vasc Surg Venous Lymphat
Disord 2018;6:788-800. https://doi.org/10.1016/j.
Jvsv.2018.08.002; PMID: 30336908.

Tang T, Chen L, Chen J, et al. Pharmacomechanical
thrombectomy versus catheter-directed thrombolysis for
iliofemoral deep vein thrombosis: a meta-analysis of clinical
trials. Clin Appl Thromb Hemost 2019;25:1076029618821190.
https://doi.org/10.1177/1076029618821190; PMID: 30808224.
Lin PH, Zhou W, Dardik A, et al. Catheter-direct thrombolysis
versus pharmacomechanical thrombectomy for treatment of
symptomatic lower extremity deep venous thrombosis. Am J
Surg 2006,192:782-8. https://doi.org/10.1016/].
amjsurg.2006.08.045; PMID: 17161094.

Morrow KL, Kim AH, Plato SA 2nd, et al. Increased risk of renal
dysfunction with percutaneous mechanical thrombectomy

39.

40.

41.

42.

43.

44.

compared with catheter-directed thrombolysis. J Vasc Surg
2017,65:1460-6. https://doi.org/10.1016/).jvs.2016.09.047,;
PMID: 27876521.

Escobar GA, Burk D, Abate MR, et al. Risk of acute kidney
injury after percutaneous pharmacomechanical
thrombectomy using AngioJet in venous and arterial
thrombosis. Ann Vasc Surg 2017,42:238-245. https://doi.
0rg/10.1016/j.avsg.2016.12.018; PMID: 28412100.

Salem KM, Saadeddin Z, Go C, et al. Risk factors for acute
kidney injury after pharmacomechanical thrombolysis for
acute deep venous thrombosis. J Vasc Surg 2019;70:e18.
https://doi.org/10.1016/.jvs.2019.06.009.

Cakir V, Gulcu A, Akay E, et al. Use of percutaneous aspiration
thrombectomy vs. anticoagulation therapy to treat acute
iliofemoral venous thrombosis: 1-year follow-up results of a
randomized, clinical trial. Cardiovasc Intervent Radiol
2014,;37:969-76. https://doi.org/10/1007/500270-014-0925-y;
PMID: 24934734,

Lopez R, DeMartino R, Fleming M, et al. Aspiration
thrombectomy for acute iliofemoral or central deep

venous thrombosis. J Vasc Surg Venous Lymphat Disord
2019;7,162-8. https://doi.org/10.1016/].jvsv.2018.09.015;
PMID: 30639411.

Hameed |, Lau C, Khan FM, et al. Angiovac for extraction of
venous thromboses and endocardial vegetations: a meta-
analysis. J Card Surg 2019;34:170-80. https://doi.org/10.1111/
j0Cs.14009; PMID: 30843269.

Benarroch-Gampel J, Pujari A, Aizpuru M, et al. Technical
success and short-term outcomes after treatment of lower
extremity deep vein thrombosis with the ClotTriever system: a
preliminary experience. J Vasc Surg Venous Lymphat Disord
2020;8:174-81. https://doi.org/10.1016/}.jvsv.2019.10.024;
PMID: 31843476.

VASCULAR & ENDOVASCULAR REVIEW


https://doi.org/10.1016/j.ejvs.2008.08.020
https://doi.org/10.1016/j.ejvs.2008.08.020
https://doi.org/10.1016/j.jvs.2008.06.035
https://doi.org/10.1016/j.jvs.2008.06.035
https://doi.org/10.1016/j.ejvs.2017.07.011
https://doi.org/10.1016/j.ejvs.2017.07.011
https://doi.org/10.1177/0268355519889873
https://doi.org/10.1177/0268355519889873
https://doi.org/10.1016/j.jvsv.2018.06.015
https://doi.org/10.1016/j.jvsv.2018.06.015
https://doi.org/10.1016/j.jvsv.2017.04.007
https://doi.org/10.1016/j.ejvs.2016.12.023
https://doi.org/10.1016/j.ejvs.2016.12.023
https://doi.org/10.1111/jth.13709
https://doi.org/10.1016/j.jvir.2015.01.036
https://doi.org/10.1016/j.jvsv.2018.08.002
https://doi.org/10.1016/j.jvsv.2018.08.002
https://doi.org/10.1177/1076029618821190
https://doi.org/10.1016/j.amjsurg.2006.08.045
https://doi.org/10.1016/j.amjsurg.2006.08.045
https://doi.org/10.1016/j.jvs.2016.09.047
https://doi.org/10.1016/j.avsg.2016.12.018
https://doi.org/10.1016/j.avsg.2016.12.018
https://doi.org/10.1016/j.jvs.2019.06.009
https://doi.org/10/1007/s00270-014-0925-y
https://doi.org/10.1016/j.jvsv.2018.09.015
https://doi.org/10.1111/jocs.14009
https://doi.org/10.1111/jocs.14009
https://doi.org/10.1016/j.jvsv.2019.10.024

