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Abstract: Venous thromboembolism (VTE) is an extremely common form of vascular disease and impacts

a great number of patients worldwide. Acute deep vein thrombosis (DVT) is a subset of VTE and is

traditionally been treated with anticoagulation. There is good quality data which suggests the use of catheter

directed interventions for the treatment of acute DVT with the aim of reducing post-thrombotic syndrome

(PTS). The present review will discuss the various therapies available for acute DV, focusing on catheter

directed interventions, ranging from traditional anticoagulation to the most novel forms of aspiration

thrombectomy.
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Introduction

Venous thromboembolism (VTE) is the third leading
vascular disease after acute myocardial infarction and
stroke (1). VTE, which encompasses deep vein thrombosis
(DVT) and pulmonary embolism (PE), contributes to a
yearly economic burden of $7-10 billion in the USA (2).

Clinical presentations of DVT of the legs include
swelling or pitting edema, erythema, pain, and presence of
collateral veins (3). Duplex ultrasound is the recommended
modality for the diagnosis of DVT (4).

A thrombus is typically classified as acute if it
has formed within 2-4 weeks of diagnosis. Duplex
ultrasound characteristic of acute DVT include a smooth
homogenous thrombus appearance, soft or spongy texture,
hypoechogenicity, poor wall attachment or free floating,
surrounding dilated vessel size and absence of collaterals
with no flow noted in the vein on spectral Doppler (4).

Approximately 25-50% of patients with lower
extremity DVT develop post-thrombotic syndrome
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(PTS), despite anticoagulation therapy. Symptoms
of PTS include swelling, pain, heaviness, and venous
claudication which can worsen with dependency of the
leg. The primary goal of catheter directed interventions
for acute DVT is to prevent or reduce the likelihood of
developing PTS (5).

A number of different treatment strategies are available
for patients diagnosed with DVT. This review paper will
discuss the different catheter directed interventions for
acute DV'T.

Anticoagulation therapy

Anticoagulation is the mainstay for the treatment of
patients with VT'E (3). In addition, such agents also play an
important adjuvant role in catheter directed interventions
for acute DVT. Table 1 demonstrates the currently available
pharmacologic agents and Tible 2 illustrates the recommend
duration of anticoagulation therapy for patients diagnosed

with DVT (6).
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Table 1 Anticoagulation agents

Kohi et al. Catheter directed interventions for acute deep vein thrombosis

Drug T:citlr:j Initial therapy dosage Long-term therapy dosage
Parenteral agents
Unfractionated heparin 15 Weight-based bolus followed by continuous infusion to maintain N/A
therapeutic PTT (1.5-2 times normal) or 333 U/kg SQ first dose,
then 250 U/kg g12h
LMWH 3-4
Dalteparin 200 IU/kg SQ g24h or 100 IU/kg g12h Same
Enoxaparin 1.5 mg/kg SQ g24h or 1 mg/kg q12h Same
Nadroparin 171 IU/kg g24h SQ or 86 1U/kg gq12h Same
Tinzaparin 175 1U/kg SQ g24h Same
Factor Xa inhibitor: fondaparinux 17-21 5 mg (<50 kg), 7.5 mg (50-100 kg), or 10 mg (>100 kg) SQ g24h Same
Thrombin inhibitor: argatroban 1 Weight-based infusion to maintain therapeutic PTT (1.5-3 times N/A
normal)
Oral agents
Vitamin K antagonist: warfarin 20-60 N/A Dose to goal INR 2.0-3.0

Factor Xa inhibitors

Rivaroxaban 6-9
Apixaban 8-15
Edoxaban 9-10

Thrombin inhibitor: dabigatran 12-17

15 mg gq12h for 21 days
10 mg q12h for 7 days
N/A

N/A

20 mg g24h after 21 days
5 mg q12h after 7 days

60 mg g24h after at least
5 days of parenteral therapy

150 mg g12h after at least
5 days of parenteral therapy

PTT, partial thromboplastin time; U, units; SQ, subcutaneously; q, every; N/A, not available.

Table 2 Recommended duration of anticoagulation therapy (6)

Clinical scenario

Recommended duration of therapy (months)

Provoked leg DVT or PE

Provoked by surgery

Provoked by nonsurgical transient risk factor
Unprovoked leg DVT or PE

Low or moderate bleeding risk

High bleeding risk

Leg DVT or PE and active cancer

>3
3

>3 (no scheduled stop date)

DVT, deep vein thrombosis; PE, pulmonary embolism.
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Catheter-directed pharmacologic thrombolysis
(CDPT)

Indications and contraindications

CDPT may be performed emergently, urgently, or
electively. CDPT should be performed emergently in the
setting of phlegmasia cerulea dolens, where severe edema
from venous obstruction threatens limb viability (5). Urgent
CDPT should be considered for inferior vena cava (IVC)
thrombosis, especially when patients are at risk for renal
failure and Budd-Chiari syndrome due to renal or hepatic
vein involvement, respectively. Patients at high risk for
bleeding, however, may be more appropriately managed
with mechanical or aspiration thrombectomy techniques
without the use of thrombolytic agents.

Elective CDPT may be pursued for acute iliofemoral
(iliac and/or common femoral vein involvement) DV'T in
symptomatic patients in order to prevent PTS (5). Since
many symptomatic patients with acute femoropopliteal
DVT improve with anticoagulation and compression
stockings, CDPT for prevention of PTS should be reserved
for femoropopliteal DVT patients with severe symptoms
or worsening thrombosis despite anticoagulation. Absolute
contraindications to catheter-directed pharmacologic
thrombolysis include active internal bleeding, cerebral
infraction, neurological and eye procedures or head trauma
within 3 months, and known intracranial tumor, aneurysm,
or vascular malformation. Relative contraindications include
major trauma, surgery or obstetrical delivery within 10 days,
uncontrolled hypertension (systolic >180 mmHg or diastolic
>110 mmHg), gastrointestinal bleeding within 3 months,
pregnancy, infected venous thrombus, severe renal or liver
disease, hemorrhagic diabetic retinopathy, and bleeding
diathesis. Known severe allergy to iodinated contrast agent,
anticoagulant, or thrombolytic agent may also be considered
a relative contraindication, unless the patient can be
premeditated.

Procedural technique

Pre-procedure imaging is reviewed to determine the
appropriate access site, in order to maximize the infusion of
thrombolytic agents throughout the extent of the thrombus
(Figures 1,2). Access options include the common femoral,
femoral, internal jugular, popliteal or posterior tibial
veins. Moderate sedation or general anesthesia is typically
employed throughout the procedure.

Following access, an angiographic catheter (5 Fr Kumpe
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Figure 1 Acute deep venous thrombosis. (A) Grey-scale ultrasound
image of the left lower extremity illustrates thrombus in the lumen
of the femoral vein; (B) color Doppler image demonstrates absence

of venous flow in the lumen of the vein.

Figure 2 Coronal reformation of a CT venogram demonstrates
thrombus in the left femoral vein (arrow) extending into the left

external iliac vein.

or similar) and hydrophilic wire are used to traverse the
thrombus. If venograms of the thrombosed segments are
obtained, low-volume hand injections are preferred to
avoid disrupting the thrombus (Figure 3). A venogram is
performed through the catheter to confirm patency of
the outflow vein, which is typically the IVC or an iliac
vein. The angiographic catheter is then exchanged for a
multi-side hole infusion catheter, the side holes of which
should traverse the entire extent of the thrombosed
venous segment. A catheter tip-occluding wire is
then placed, and the infusion catheter and sheath are
connected to their appropriate infusion pumps to initiate
thrombolysis (7).
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Figure 3 Digitally subtracted venogram demonstrates thrombus in

the external iliac vein with patent inferior vena cava.

One mg per hour of recombinant tissue plasminogen
activator (tPA) is infused through the catheter overnight
(12-24 hours). If two catheters are used, 0.5 mg/hr is
administered through each catheter. In addition, 500 units
of unfractionated heparin are administered through the
vascular sheath per hour; this is divided accordingly, as
above, if multiple sheaths are used. Patients are monitored
in an ICU setting during CDPT to allow for frequent vital
signs, neurological and limb assessments. Aggressive blood
pressure control is advised, maintaining systolic pressures
<180 mmHg (ideally <160 mmHg) and diastolic pressures
<110 mmHg. New arterial or central venous punctures
should be avoided. CBC, PT, and partial thromboplastin
time (PTT) are checked every 6 hours during CDPT. The
PTT should remain sub-therapeutic (PTT <50 sec) as
tPA is administered. Fibrinogen levels may be followed
every 6 hours, although high-level evidence supporting
the use of this parameter is currently lacking. The infusion
dose may be reduced by one half if fibrinogen falls below
150 mg/dL and the infusion may be discontinued if the
fibrinogen level is below 100 mg/dL, in order to reduce
risk of bleeding.

A recent addition to the infusion catheter armamentarium
is the ultrasound-accelerated thrombolysis (UAT) catheter
(EKOS Corporation, Bothell, WA, USA). After placing
the 5.4 Fr EKOS catheter of appropriate treatment length,
the guidewire is removed and replaced with a core wire
containing multiple, evenly-spaced transducer elements
(Figure 4). High frequency ultrasound energy is delivered
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Figure 4 EKOS catheter within the clotted segment of the vein.

to the thrombus during thrombolytic infusion. Of note,
the EKOS catheter also requires a normal saline infusion
(serving as a catheter coolant) through a second port,
usually run at 35 mL/hr.

After overnight thrombolytic therapy, the patient returns
to the angiography suite the following day. The infusion
catheter is removed and venography is performed to assess
the results (Figure 5). In some cases, incomplete clot lysis
will be evident, and balloon maceration (Figure 6) or
other adjunctive therapy such as mechanical or aspiration
thrombectomy may be necessary to achieve the desired
result (Figure 7). Upsizing the vascular sheath may be
necessary in this setting. Evaluation for venous obstruction
should be made during venography, as inadequate outflow
even after complete clot lysis may predispose to re-
thrombosis. Balloon angioplasty or venous stenting may
be required. Occasionally, CDPT may be repeated for an
additional night if desired results are not achieved.

After removing the vascular access sheath(s), gentle
compression is used for hemostasis. Bed rest is continued for
an additional 2—4 hours, but full anticoagulation is re-initiated
immediately. Early ambulation and use of compression
stockings is recommended, as both have been shown to be
effective adjunctive measures in preventing PT'S (8-10).

Outcomes

Vedantham ez 4/. (5) demonstrated venographic success,
typically defined as a greater than 50% reduction in
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Figure 5 Digitally subtracted venogram 1-day following
thrombolysis demonstrates patent external iliac vein, with minimal

residual filling defect and stenosis (arrow).

Figure 6 Balloon maceration of residual thrombus in vein.

thrombus burden, in greater than 90% of patients. In
the same study, resolution of symptoms and venographic
success occurred in approximately 85% of patients
undergoing CDPT. Twenty percent of patients suffered
re-thrombosis within 30 days of CDPT, underscoring the
importance of adjunctive treatments for associated venous
obstructive lesions. With regard to long-term results,
increasing volumes of residual thrombus are associated with
higher rates of PTS, and complete clearance of thrombus
may prevent PTS entirely in patients with iliofemoral
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Figure 7 Repeat venography demonstrating interval improvement

in luminal caliber of the previously thrombosed vein.

DVT (11). In a recent randomized controlled trial, CDPT
was associated with an absolute risk reduction of 14% for
PTS at 24 months when compared with anticoagulation
alone (12).

UAT has been shown to be both safe and efficacious for
the treatment of DVT (13,14). Its benefit over standard
CDPT through a multi-side hole infusion catheter remains
controversial, however. A retrospective analysis of 83
patients failed to demonstrate a clinical benefit of UAT
over standard CDPT (15). More recently, a randomized
controlled trial of 48 patients concluded that UAT did not
result in improved clot resolution in patients with DVT (16).
Further trials are necessary to elucidate whether any short
or long-term benefit can be derived from UAT.

Complications

Major complications from CDPT occur in approximately 9%
of cases (5). The most relevant major complications identified
in a pooled analysis of more than 1,000 patients included
major hemorrhage (8.3%), symptomatic PE (0.9%), death
(0.3%), and intracranial hemorrhage (0.2%) (5).

Mechanical and pharmacomechanical
thrombectomy

Indications and contraindications

Percutaneous mechanical thrombectomy refers to clot
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Table 3 Mecwhanical thrombectomy devices for endovascular treatment of deep venous thrombosis

Category Device Manufacturer Sheath sizes Over the wire Notes
Rheolytic Angiojet-Zelante Boston Scientific 8 Fr Yes, 0.035 High velocity saline jets utilizing
thrombectomy Bernoulli’s principle to break up
irate clot
Angiojet-Solent 6 Fr and aspirate clo
Rotational Cleaner-XT Argon 6 Fr No Clot is macerated by a rotating
thrombectomy Cleaner-15 7Fr smu.smdal wire or cagg. Thrombus
is not removed using these
Arrow-Trerotola Teleflex 5Fr No devices
7 Fr Yes, 0.025
Isolated pharmaco- Trellis Covidien 6, 8 Fr No Recalled since 2015. Rotating
mechanical sinusoidal wire and infusion/
thrombectomy aspiration port between two
occlusion balloons
Suction thrombectomy Indigo Penumbra 4,6, 8Fr Yes High velocity vacuum suction with
maneuverable delivery catheter
Cannula and circuit AngioVac AngioDynamics 22 Fr Yes Large caliber suction cannula and

thrombectomy

filter spliced into extracorporeal
veno-venous bypass circuit;
adjuvant rotational thrombectomy
devices may be used

Use of thrombectomy devices, typically in conjunction with direct delivery of fibrinolytic drug, facilitates early thrombus removal which can

limit development of post-thrombotic syndrome.

removal using one of several endovascular mechanical devices
and is commonly used as part of a pharmacomechanical
thrombectomy. In this process mechanical thrombectomy
is combined with direct infusion of lytic agents into the
thrombus in an attempt to rapidly clear the thrombus
in a single session. It can also be used as an adjunct
following CDPT if residual thrombus persists. If a
patient has a contraindication to fibrinolysis, mechanical
thrombectomy can be used as a standalone therapy without
the administration of lytic medications.

Since there is mechanical manipulation of thrombus
during mechanical thrombectomy, there is an accepted
risk for PE. As such, poor cardiopulmonary reserve and
inability to tolerate PE represents a potential relative
contraindication to mechanical thrombectomy. Temporary
IVC filtration can be considered in such patients (17).

Available devices

Several devices with various mechanisms of clot maceration
with or without clot removal have been developed over
the last two decades. Currently available and historically
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important devices are list in Table 3.

Procedural technique

Following venous access, the thrombosed segment is infused
with 5-25 mg of tPA, depending on thrombus burden. This
can be performed through a side-hole infusion catheter
that is lodged within the clot, through an end-hole catheter
that is pulled back through the clot, or through an AngioJet
(Boston Scientific, Marlborough, MA, USA) thrombectomy
catheter set to power pulse mode (Figure 8). The tPA is
allowed to dwell within the thrombosed venous segment
for 20-45 minutes. A mechanical thrombectomy device
is then used to clear the thrombus. If working within a
large caliber venous segment such as the iliac veins or
IVC, accessing eccentric thrombus adherent to the vein
wall can be challenging. Inserting the thrombectomy
device through an angled sheath or guiding catheter can
help achieve wall apposition. Adjuvant angioplasty and/
or stenting are necessary if thrombus removal unmasks an

anatomical lesion (such as May-Thurner syndrome) that
incited the DV'T.

Cardiovasc Diagn Ther 2016;6(6):599-611
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Figure 8 AngioJet catheter within clotted segment of the vein.

Outcomes

There is a paucity of prospective randomized data from
which to draw conclusions about using thrombectomy
or pharmacomechanical thrombectomy over other acute
DVT treatment options. The Acute Venous Thrombosis:
Thrombus Removal with Adjunctive Catheter-Directed
Thrombolysis (AT'TRACT) trial is a recently completed
prospective randomized trial, which aims to determine
if adjunctive pharmacomechanical catheter directed
thrombolysis can prevent PTS in patients with symptomatic
DVT compared with standard DVT therapy alone (18).

The Peripheral Use of AngioJet Rheolytic Thrombectomy
with a Variety of Catheter Lengths (PEARL) registry
was a prospective multicenter study performed in the
US and Europe and included 329 patients with lower
extremity DVT. Thirty-nine percent of patients had
100% clot resolution with either AngioJet alone or with
AngioJet and power pulse lytic therapy such that CDPT
was not needed—this resulted in procedure times of less
than 6 hours. Even when patients did require CDPT
after AngioJet, the tPA infusion times were significantly
decreased for the AngioJet group (17 vs. 48-58 hours).
There was also significant improvement in quality of life at 3,
6 and 12 months (19).

More recent reports have shown that the Cleaner
thrombectomy device (Argon Medical Devices, Plano,
Texas, USA) (20) and the Arrow-Trerotola device (Arrow,
Reading, PA, USA) (21) are effective in treating acute DV'T.
Similarly, small series and retrospective studies comparing
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pharmacomechanical thrombectomy to CDPT suggest that
similar efficacy can be achieved by pharmacomechanical
thrombectomy without the costs of ICU monitoring and
decreased hospital stays (22) and that PTS may be decreased
with pharmacomechanical thrombectomy at 1 year (23).

Recommendations of an expert panel from the Society
for Vascular Surgery and the American Venous Forum
include early thrombus removal for acute DV'T] particularly
if the limb is threatened. Pharmacomechanical treatment
was preferred over CDPT alone if the resources were
available (24).

Complications

Depending on the mechanism of the thrombectomy
device, clot may either be macerated and removed
or simply macerated. For devices that only macerate
thrombus there is an increased risk for embolization
of thrombus that can result in PE (17). The AngioJet
system both macerates and removes clot, but also
results in hemolysis of red blood cells, which can lead
to hemoglobinuria (which can manifests as hematuria),
elevated serum potassium level, and acute kidney
injury (25). Bradyarrhythmias are also a specific
complication to AngioJet, although the mechanism is
poorly understood (26). This complication occurs with
prolonged thrombectomy times when used near the heart
and usually resolves on its own with cessation of device
use. While early clot removal has been shown to help
limit damage to venous valvular function, aggressive
mechanical thrombectomy may however result in valvular

damage (27).

Aspiration thrombectomy
Indications and contraindications

Aspiration thrombectomy refers to the mechanical
removal of thrombus from the body by the application
of suction through a catheter or other device. Manual
aspiration thrombectomy is the simplest form of aspiration
thrombectomy. A guiding catheter is inserted through a
vascular sheath to the site of thrombus. Negative pressure is
then applied via a syringe attached to the guiding catheter
as the thrombus is engaged. Aspiration of thrombus is aided
by imparting a gentle to-and-fro and rotational motion on
the guiding catheter (28) or by continuously withdrawing
the catheter under suction (29,30). This process is repeated

Cardiovasc Diagn Ther 2016;6(6):599-611
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Figure 9 Penumbra aspiration thrombectomy catheter within

clotted segment of the vein.

until thrombus has been cleared. Overall initial technical
success rates of 96-100% (28-30) have been reported. Zhu
et al. (28) and Oguzkurt et 2. (30) have reported primary
patency rates of 77% and 96% and secondary patency
rates of 93% and 100%, respectively. Complications of
symptomatic PE and contralateral DVT within 3 months of
intervention were also described (28,30).

Vacuum-assisted thrombectomy is very similar to
manual aspiration thrombectomy. The key difference
is that suction is applied to the catheter via an external
vacuum pump attached to the proprietary catheter via
the side port of a Tuohy-Borst adapter. The Penumbra
Indigo (Penumbra Inc., Alameda, CA, USA) series of
aspiration thrombectomy catheters is an example of this
device, available in 3.4-8 Fr sizes (Figure 9). The end port
of the Tuohy-Borst adapter accommodates a “separator”
device. The “separator” is used to clear the catheter when
thrombus obstructs the lumen. Until recently, the use of
the Penumbra Indigo system was limited to the cerebral
and coronary circulation. Consequently, there is no
available data demonstrating the device’s safety and efficacy
in the treatment of acute DV'T.

Vacuum-assisted aspiration thrombectomy utilizes an
extracorporeal veno-venous circuit which places a filter
in series with an aspiration cannula and a reinfusion
cannula. This technique allows for prolonged aspiration
thrombectomy to proceed without the risk of blood loss.
The AngioVac Cannula and Circuit (AngioDynamics Inc.,
Latham, NY, USA) is an example of this device. Suction
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Figure 10 AngioVac aspiration cannula with coil-reinforced body
to prevent collapse during application of negative pressure and
balloon-expandable tip to maximize thrombus engagement and

removal.

Figure 11 Aspirated thrombus removed.

is applied to a large bore (22 Fr) cannula (Figure 10) with
a balloon-expandable tip that has been inserted through
a 26 French sheath (Gore DrySeal Sheath, W. L. Gore
& Associates, Flagstaff, AZ, USA) and advanced near to
the site of thrombus. Blood and any thrombus removed is
drawn through a filtered extracorporeal circuit which only
returns the blood to the patient via a 16-19 Fr reinfusion
cannula placed at a separate venous access site. The
thrombus is trapped in the filter (Figure 11). A centrifugal
pump capable of creating flows up to 5 liters/minute drives
the veno-venous circuit and is operated by a perfusion
team. Due to the large caliber of the suction and reinfusion
cannulas, access sites are limited to the internal jugular and

Cardiovasc Diagn Ther 2016;6(6):599-611
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Saline bag ©

Figure 13 CT venogram demonstrates compression of the left
common iliac vein (black arrow) by the crossing right common

iliac artery (white arrow).

common femoral veins (Figure 12).

The AngioVac cannula typically cannot be advanced
caudal to the common femoral vein, making clearance
of thrombus in the lower extremities difficult without
adjunctive techniques to dislodge thrombus into the
cannula. As such, this technique is best applied to
thrombus in the superior or IVC and iliac veins. The
published experience of the use of the AngioVac cannula
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for the treatment of DVT is limited to case series and
reports comprising in total <40 patients. While there is
heterogeneity in the method of outcome reporting in these
reports (31-35), the various series report very high technical
success rates. For example Moriarty et al. (32) reported a
100% technical success rate (n=10) for the treatment of
caval thrombi, where technical success was defined as the
restoration of antegrade flow in caval lesions.

Given the novel nature of these aspiration thrombectomy
devices, further trials are needed to demonstrate their safety,
efficacy and comparative effectiveness in the treatment of
patients with acute DVT.

May-Thurner syndrome

May-Thurner syndrome, also known as iliac vein compression
syndrome, is a common cause of iliac vein obstruction
of nonthrombotic etiology. First described in 1957, it
is due to compression of the left common iliac vein as
it traverses behind the right common iliac artery and in
front of the vertebral bodies of the lumbar spine (36),
(Figure 13). The role of endovascular intervention for
patients with iliac venous outflow obstruction leading to
thrombotic complications is well described (37), and more
recent work suggests benefits in treating symptomatic
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Figure 14 Venogram in a patient with May-Thurner syndrome. (A) Venogram demonstrating thrombus in the left common iliac vein; (B)

recanalized left common iliac vein, following thrombolysis and stent placement.

patients without thrombosis as well (38,39). Typically,
this involves stent placement to ameliorate mechanical
obstruction produced by compression and fibrous spur
formation.

Stenting for May-Thurner syndrome is typically
performed within the proximal left common iliac vein near
its confluence with the right common iliac vein to form
the IVC, following venography to elucidate the site of
compression and/or stenosis (Figure 14). This may follow
thrombolysis if clot is present. Self-expanding stents are
most commonly used, 12-16 mm in size, which may be
made of nitinol (SMART Stent, Cordis, Miami Lakes, FL,
USA; Luminexx, Bard, Temple, AZ, USA; Zilver, Cook,
Bloomington, IN, USA) or stainless steel (e.g., Wallstent,
Boston Scientific, Marlborough, MA, USA). Advantages
of these stents include their large deployed diameter for
a relatively low-profile delivery size and their ability to
be recaptured and repositioned during the early stage
of deployment. However, radial hoop strength of these
stents is lower than that of balloon-expandable stents (40).
To determine whether self-expanding stents have fully
relieved the compression after deployment, the use of
both intravascular ultrasound and cone-beam CT has been
proposed (39,41). If these reveal the stent to be persistently
“pancaked”, which may be challenging to see in the frontal
projection, then deployment of an appropriately sized
balloon-expandable stent within the self-expanding stent
can increase the radial force and hopefully remove any
residual compression.
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Following endovascular intervention for iliac vein
compression syndrome, optimal post-procedure care
and the use of anticoagulation depends primarily on the
presence or absence of thrombotic disease at the time of
intervention, and on patient risk factors for re-thrombosis.
Rates of stent occlusion are reasonably low in the venous
system provided that stent placement and extent is adequate
to completely treat the precipitating lesion(s), however
primary, assisted primary and secondary patency rates are
higher in patients with non-thrombotic disease compared
to patients with DVT (42,43). This is a complex topic, and
although understanding of the pathophysiology of venous
disease has increased in recent years, many of the guidelines
for post-procedure pharmacologic therapy are adapted
from work on arterial interventions. In general, however,
following endovascular treatment for thrombotic venous
disease, anticoagulation will most often be recommended
for a period of at least 3-6 months with warfarin, low
molecular weight heparin or a newer thrombin or factor
Xa inhibitor (44). Factors such as the completeness of
thrombus removal and restoration of flow, presence of
ongoing pro-thrombotic states and risk to the patient
of remaining on anticoagulation must all be considered.
In the case of non-thrombotic venous disease such as
symptomatic May-Thurner syndrome without DVT,
traditional anticoagulation may be pursued for only a short
time (39), however the longer-term use of anti-platelet
agents is considered reasonable in these instances based on
extrapolation from arterial studies. Additionally, for both
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non- and post-thrombotic disease, long-term use of aspirin
can be considered, given its low risk of complications (45).

Conclusions

Several catheter-directed interventions are available for
the treatment of patients with acute DV'T. The procedure
and the device used will depend on the clinical nature
of the patient with a strong discussion of risks, benefits,
and alternatives. With the advent of more novel devices,
it is likely that interventional radiology will reinforce its
important role in the treatment of patients with acute DV'T.
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