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Lower extremity deep vein thrombosis (DVT) is a serious medical condition that can result in local pain and gait disturbance.
DVT progression can also lead to death or major disability as a result of pulmonary embolism, postthrombotic syndrome, or
limb amputation. However, early thrombus removal can rapidly relieve symptoms and prevent disease progression. Various
endovascular procedures have been developed in the recent years to treat DVT, and endovascular treatment has been
established as one of the major therapeutic methods to treat lower extremity DVT. However, the treatment of lower extremity
DVT varies according to the disease duration, location of affected vessels, and the presence of symptoms. This article reviews

and discusses effective endovascular treatment methods for lower extremity DVT.
Keywords: Deep vein thrombosis; Endovascular thrombus removal; Catheter-directed thrombolysis

INTRODUCTION

Thrombosis is a condition in which blood clots within
the vascular system. When thrombosis occurs in the deep
vein system, it is referred to as deep vein thrombosis (DVT).
What then is the deep vein? The extremity venous system is
divided into a deep venous system and a superficial venous
system depending on their anatomic location. The anatomic
border of the lower extremity venous system is the fascial
plane. The veins that lie on the subcutaneous fat layer
belongs to the superficial venous system, and the veins
that lie inside the deep fascia belongs to the deep venous
system.

In the lower extremity, the main route of venous flow
is the deep veins rather than the superficials. Therefore,
cases of DVT may present with severe disorders in the
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lower extremity venous return, which can cause extremity
swelling, discomfort, and gait disorders. If allowed to
progress, they may accompany pulmonary embolism (PE)
and mortality. Between 2.5% and 5% of the population

is affected by DVT at some point in their lives [1]. Within
two years of DVT occurrence, over 50% patients develop
postthrombotic syndrome (PTS), manifested by leg pain,
swelling, skin pigmentation, or venous ulceration, despite
the use of anticoagulation treatment [2-5]. Therefore,
adequate treatment is needed for DVT.

Risk Factors of DVT

Thrombosis is essentially caused by the Virchow’s triad—
alteration in blood flow (i.e., stasis), vascular endothelial
injury, and alteration in the constituents of the blood (i.e.,
hypercoagulation state). The risk factors for DVT are divided
into inherited and acquired causes. Inherited causes
include inherited thrombophilia, such as Factor V Leiden
mutation, prothrombin gene mutation, protein C or protein
S deficiency, and antithrombin deficiency. Acquired causes
include predisposing conditions that promote thrombosis
that satisfy Virchow's triad, such as immobilization,
pregnancy, malignancy, use of oral contraceptives,
myeloproliferative disorder, antiphospholipid syndrome,
placement of central venous catheterization, and other
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medical conditions that increase the formation of blood
clots. In addition, there are some anatomic risk factors,
such as May-Thurner syndrome and inferior vena cava (IVC)
abnormalities. May-Thurner syndrome is manifested by
significant hemodynamic compression of the left common
iliac vein by the overlying right common iliac artery and
vertebral body. This makes the venous flow extremely slow,
eventually causing DVT in the left lower extremity. There
are several types of congenital malformations of the IVC,
including agenesis, hypoplasia, and malformation. These
malformations also slow venous flow in both the lower
extremities and may lead to bilateral DVT [6-8]. The major
risk factors for DVT are summarized in Table 1.

Category of DVT

Based on the popliteal vein, the DVT occurring in the
popliteal vein or above it (i.e., femoral vein, deep femoral
vein, common femoral vein, iliac vein, and/or IVC) is called
a proximal DVT. Conversely, thrombosis of one or more deep
calf veins, including the anterior tibial vein, posterior tibial
vein, peroneal vein, and/or deep muscular vein, is called
distal DVT. This anatomical classification is not an intuitive
classification criterion, but the incidence of PE shows a
significant difference according to the DVT location. It is
well established that most acute cases of PE is associated
with proximal DVT. The reported mortality rate of proximal
DVT is higher than that of distal DVT [9-11].

Based on symptom duration, DVT can be categorized into

Table 1. Risk Factors of the Development of Deep Vein
Thrombosis

Inherited causes
Factor V Leiden mutation
Prothrombin gene mutation
Protein C, S deficiency
Antithrombin deficiency
Acquired causes
Motion restriction: trauma, immobilization, surgery (especially,
orthopedic)
Hormonal effect: pregnancy, use of oral contraceptives, hormone
replacement therapy
Myeloproliferative disorder, antiphospholipid syndrome
Placement of central venous catheterization
Anatomic risk factors
May-Thurner syndrome
IVC abnormality: agenesis, hypoplasia, and malformation

IVC = inferior vena cava
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acute, subacute, and chronic DVT. Acute DVT refers to the
presence of symptoms for less than 14 days or for which
imaging studies indicate that thrombosis occurred within
the previous 14 days [12]. Subacute DVT refers to cases

in which symptoms have been present for 15-28 days,

as indicated by clinical history or imaging studies [12].
Finally, chronic DVT refers to cases in which symptoms have
been present for more than 28 days, as indicated by clinical
history or imaging findings [12]. In some cases, acute DVT
presents with subacute or chronic DVT. Symptom duration
is an important factor in determining the treatment method
for DVT.

The last category is the presence of symptoms.
Symptomatic DVT refers to the presence of symptoms, such
as leg discomfort or swelling, which usually lead to the
radiologic conformation of DVT. In contrast, asymptomatic
DVT is diagnosed by incidental radiologic findings. The
presence of symptoms is another important factor in
determining the treatment method for DVT. There is no
doubt that symptomatic proximal DVT should be treated
promptly. What about asymptomatic proximal DVTs? Further
details are described in the ‘Endovascular Treatment
Strategy in DVT section.

Radiologic Diagnosis of DVT

Lower extremity DVT may be suspected when clinical
symptoms, such as edema, pain, and erythema, appear
on the lower extremities, and D-dimer levels rise above
normal. However, these are nonspecific indicators;
therefore, radiologic imaging is important for diagnosing
DVT. Diagnostic imaging methods include ultrasonography
(US), CT venography (CT venography), and MR venography
(MR venography). In the past, ascending venography was
used for DVT diagnosis, but it is no longer being used for
diagnostic purposes because of its invasiveness. US is widely
used and preferred as the first-choice imaging modality
for the diagnosis of proximal DVT [13,14]. Compression US
with Doppler is the diagnostic test of choice in patients
with suspected DVT, as it shows high sensitivity and high
specificity for the diagnosis of symptomatic proximal DVT
[15-17]. However, this method is limited usefulness to
diagnose iliac vein DVT and asymptomatic proximal DVT
[17]. In such cases, CT venography can be used, which
has a high sensitivity and specificity [18-23]. Moreover,
CT venography provides additional information about
the condition of the iliac vein, which is needed for the
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planning of surgical or endovascular treatment in DVT
patients with or without symptoms [24]. In patients with
suspected PE, comprehensive examinations, including
pulmonary CT angiography and CT venography, is useful [25-
27]. CT venography has drawbacks as it requires iodinated
contrast media and exposure to ionizing radiation. MR
venography has been recently documented as an alternative
to US because it avoids exposure to ionizing radiation and
iodinated contrast media [28,29]. Some MR techniques,
such as time-of-flight or phase-contrast venography, can
evaluate DVT without using contrast media [24]. However,
the diagnostic accuracy is still higher in contrast-enhanced
studies [30]. Studies on MR venography are limited and
have been conducted in small patient cohorts, and MR
venography requires a high level of patient cooperation
with a long examination time. Therefore, MR venography
still has limitations for use in all patients.

Endovascular Treatment Strategy in DVT

The widely accepted indications for endovascular
thrombus removal for lower extremity DVT include massive
proximal acute DVT (i.e., iliofemoral or femoropopliteal
thrombosis) accompanied by severe symptomatic leg
swelling [2,24,31-34]. Phlegmasia cerulea dolens
(PCD) is an uncommon but potentially life-threatening
complication of acute DVT characterized by marked
swelling of the extremities with pain and cyanosis.

This may lead to arterial ischemia and ultimately cause
gangrene, with high amputation and mortality rates
[35]. Cases of massive DVT with PCD require immediate
endovascular thrombus removal [36].

Iliofemoral DVT differs from femoropopliteal DVT in
that the fomer is associated with more frequent recurrent
DVT, and more frequent and severe PTS [37-39]. This may
be based on the anatomic characteristics of the lower
extremity venous system. Compared to femoropopliteal
DVT or distal DVT, which are more easily compensated
by collateralization to the deep or superficial vein, an
iliofemoral occlusion has poor chances of sufficient
collateralization [40]. However, some cases of iliofemoral
occlusion develop adequate collateralization, directing the
venous return of the obstructed extremity to the ipsilateral
and contralateral iliac system. This collateralization provides
immediate bypassing of the venous return from the acute
obstruction, and symptoms are relieved in a short period.
In these cases, patients may remain asymptomatic for many
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years without treatment [40]. Therefore, subsequently,
when chronic iliofemoral obstruction develops, these
patients may present with PTS due to valvular reflux in
combination with persistent venous flow disturbance.
Recanalization of chronic iliofemoral obstruction rarely
occurs with conservative or medical treatments. In cases
of chronic iliofemoral obstruction with PTS, endovascular
recanalization could be helpful in relieving PTS symptoms.

There is no evidence to indicate that endovascular
thrombus removal could help to prevent the propagation
of DVT in asymptomatic proximal DVT. In asymptomatic
proximal DVT, anticoagulation treatment alone is sufficient
to reduce the recurrence rate and prevent PE [41]. There
is no need for endovascular thrombus removal in patients
with isolated distal DVT. The need for anticoagulation
treatment for distal DVT has not been established because
isolated distal DVT has a low risk of PE. For isolated distal
DVT cases, preference for anticoagulation treatment varies
among centers and clinicians.

Bleeding complications should also be considered in
endovascular treatment. Bleeding risk is definitely higher
in patients treated with thrombolytic agents than in those
treated with anticoagulants alone. Recently, the CaVenT
and the Acute Venous Thrombosis: Thrombus Removal
with Adjunctive Catheter-Directed Thrombolysis (ATTRACT)
studies reported about 3% and 1.7% of major bleeding
complications, respectively [5,42]. Bleeding complications
were higher with anticoagulation alone (between 0% and
0.3% in each report), although there were no intracranial
hemorrhage or mortality cases in the two reports [5,42].
Therefore, endovascular therapy should be performed in
selected patients who present a low risk of bleeding. The
contraindications to thrombolytic therapy are summarized
in Table 2 [12].

Endovascular Thrombus Removal

There are several endovascular techniques for thrombus
removal and recanalization: catheter-directed thrombolysis
(CDT), pharmacomechanical thrombectomy (PMT)
with rheolytic, ultrasound, or rotational device, large-
bore catheter aspiration, balloon angioplasty, balloon
maceration, and stent placement. Among them, CDT and
PMT are the two main treatment methods for thrombus
removal, and the other methods are adjunctive techniques
for the completion of endovascular thrombus removal.
Endovascular thrombus removal is often performed using a
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Table 2. Contraindications to Thrombolytic Therapy in Deep Vein Thrombolsis

Absolute contraindications
Active internal bleeding or DIC
Recent neurovascular event (< 3 months)

CVA (including TIA), neurosurgery (intracranial, spinal), or intracranial trauma

Absolute contraindication to anticoagulation
Relative contraindications
Recent major event (< 7-10 days)

CPR, major surgery, cataract surgery, obstetrical delivery, organ biopsy, or major trauma

Neurological disorder
Intracranial lesion (including tumor) or seizure disorder

Uncontrolled hypertension: systolic BP > 180 mm Hg, diastolic BP > 110 mm Hg
Recent major gastrointestinal bleeding or internal eye surgery (< 3 months)
Serious allergic or other reaction to thrombolytic agent, anticoagulant, or contrast media (not controlled by steroid/antihistamine

pretreatment)
Severe thrombocytopenia

Known right-to-left cardiac or pulmonary shunt or left heart thrombus
Severe dyspnea or severe acute medical illness precluding safe procedure performance

Suspicion for infected venous thrombus
Renal failure (estimated GFR < 60 mL/min)
Pregnancy or lactation

Severe hepatic dysfunction

Bacterial endocarditis

Diabetic hemorrhagic retinopathy

This table was modified from the article by Vedantham et al. J Vasc Interv Radiol 2014;25:1317-1325, with permission of Elsevier Inc. [12].
BP = blood pressure, CPR = cardiopulmonary resuscitation, CVA = cerebrovascular accident, DIC = disseminated intravascular coagulation,

GFR = glomerular filtration rate, TIA = transient ischemic attack

combination of two or more methods.

Thrombolytic agents activate serum plasminogen to
form plasmin, which accelerates the lysis of thrombus.
Direct infusion of a thrombolytic agent into the thrombus,
rather than systemic infusion, can accelerate thrombolysis;
therefore, systemic thrombolytic therapy is no longer
performed. The most representative thrombolytic agent
was urokinase, a second-generation plasminogen activator.
However, it is no longer used because of discontinuation
of production. Recently, alteplase (a tissue plasminogen
activator [tPA]), a recombinantly derived analog of human
tPA, has predominantly replaced urokinase. Moreover, two
tPA variants, reteplase (recombinant plasminogen activator)
and tenecteplase (TNK), are also used. Reteplase is a non-
glycosylated deletion mutant of the wild-type tPA, is less
fibrin selective, and has a longer half-life than alteplase.
TNK is a recombinant fibrin-specific plasminogen activator
derived from human tPA. It is 14 times more fibrin-specific
and has an 80-fold higher resistance to inhibition by
plasminogen activator inhibitor-1 than standard tPA, and
has a longer plasma half-life, which permits intravenous
bolus injection [43]. Of these three types of drugs, only
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alteplase (Actilyse Injection; Boehringoer Ingelheim Korea)
is available in Korea.

Catheter-Directed Thrombolysis (CDT)

CDT refers to the slow administration of a thrombolytic
agent over several hours for intrathrombus infusion via
multiple side-holes of an infusion catheter embedded
within the thrombosed vein. Catheter insertion is usually
performed via a popliteal vein in the affected leg, and US
guidance is used to obtain access into the deep venous
system. In some cases, the common femoral vein can be
used as an alternative access route. Ideally, a vein with
blood flow below the thrombosed venous segment should be
accessed, if possible. Venous access is usually achieved with
a 21-G micropuncture needle and a 0.018-inch diameter
hair wire, which is exchanged with a 5-F micropuncture
vascular sheath. The venous system is then navigated with
a 0.035-inch hydrophilic guidewire and a 5-F catheter.
Then, a 5-F multi-side-hole infusion catheter is inserted,
traversing the thrombus for infusion of the thrombolytic
agent. In some cases, before placing the multiple-side-hole
infusion catheter, a bolus dose of the thrombolytic agent
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is dispersed in the thrombus using a 5-F catheter to elicit
thrombus fragmentation and maximize the thrombolytic

effect. The bolus of tPA is between 7.5 mg and 10 mg [44].

In most cases of massive proximal DVT, the length of the
catheter side-hole does not cover the entire length of the
thrombus. To overcome this limitation, multiple side-holds
can be created in the vascular sheath. Simultaneously,

we can make holes at 1-2 c¢m intervals along both sides
of the vascular sheath using a 25G needle (Fig. 1). If a
thrombolytic agent is injected simultaneously through

the sidearm of the sheath as well as the multi-side-hole
catheter, then the thrombolytic agent can be injected into
the entire DVT. To inject the thrombolytic agent through
the sidearm of the sheath, a gap between the sheath

and the 5F catheter is required. Therefore, a 7- or 8-F
vascular sheath is suitable. Although there is no consensus
on the optimal thrombolytic agent; the commonly used
dosing schemes are alteplase (0.5-1.0 mg/h), reteplase
(0.25-0.75 units/h), and TNK (0.25-0.5 mg/h) for CDT
[24,45,46]. After 12-24 hours from the initiation of the
thrombolytic infusion, follow-up venography is performed,
and the operator determines whether to continue or

Fig. 1. Illustration depicting the creation of side-holes in the
vascular sheath for catheter-directed thrombolysis.
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stop the infusion. If venography demonstrates complete
lysis, then the infusion is terminated. In case of partial
lysis, the catheter is repositioned so that the remaining
thrombus is centered, and infusion can be continued or
replaced by another technique. If thrombolytic infusion
continues, follow-up venography is performed every 12-24
hours. During thrombolytic infusion, fibrinogen values are
monitored closely, and the thrombolytic doses are adjusted
to maintain fibrinogen levels above 100-150 mg/dL [44].

CDT is very effective, especially in cases of acute
femoropopliteal DVT; therefore, often, this procedure alone
dissolves the thrombus completely. However, a large number
of proximal DVTs are accompanied by subacute or chronic
DVTs. In such cases, other endovascular techniques should
be used in combination to obtain good results.

Stand-Alone Percutaneous Mechanical Thrombectomy
(PMT) vs. Pharmacomechanical Catheter-Directed
Thrombolysis (PCDT)

PMT refers to the percutaneous use of catheter-based
mechanical devices that contribute to thrombus removal
via fragmentation, maceration, and/or aspiration, without
administering a thrombolytic agent [12,24]. PCDT refers
to thrombus dissolution via the concomitant use of
pharmacologic CDT and PMT [12]. Both procedures have the
advantage of reducing the total volume of the thrombolytic
agent required, and the total treatment time is relatively
shorter than that required for CDT. The initial steps of the
PMT or PCDT procedures resemble CDT—the catheter for
mechanical thrombectomy is inserted into an affected
vein. A commonly accessed vein in the affected leg is the
popliteal vein, with US-guided access. In some cases, the
common femoral vein can be used as another access route.

PMT results in finely crushing DVT. Therefore, it is
essential to perform an adjunctive endovascular technique,
including large-bore catheter aspiration, balloon
maceration, and balloon angioplasty, to deal with the
remaining DVT. Several mechanical devices can be used
for PMT, such as Arrow-Trerotola PTD (Arrow), AngioJet
(Boston Scientific), Hydrolyser (Cordis), and EKOS (Ekos
Corporation). Arrow-Trerotola PTD is a rotational device for
PMT; AngioJet and Hydrolyser are rheolytic recirculation
devices; and Ekos is an ultrasound-accelerated thrombolysis
device. The latter three are all used for PCDT. Arrow-
Trerotola PTD and AngioJet are both available in Korea. If
follow-up venography after the PCDT demonstrates complete
lysis, the procedure can be terminated. In case of partial
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lysis, an adjunctive endovascular technique, including remaining DVT (Fig. 2).
large-bore catheter aspiration, balloon maceration, and Although the efficiency of mechanical devices is well
balloon angioplasty, should be performed to deal with the known, the use of such expensive devices causes an
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Fig. 2. Endovascular thrombus removal with pharmacomechanical catheter-directed thrombolysis and additional large-bore
catheter aspiration. A case of a 76-year-old man who presented with a 10-day history of swelling and pain in his left leg.

A-C. CT venography shows compressed left common iliac vein (arrow, A), and deep vein thrombosis in left external iliac vein (arrow, B) and left
femoral vein (arrow, C). These findings are compatible with May-Thurner syndrome. D. Ascending venography shows distended femoral vein with
intraluminal thrombosis (arrows) with a few collateral vessels (arrowheads), suggestive of acute deep vein thrombosis. E. Pharmacomechanical
catheter-directed thrombolysis was performed using AngioJet (Boston Scientific) (arrow) with urokinase (300k units). F, G. Follow-up venography
performed 30 minutes after injection of the thrombolytic agent shows reopened femoral vein, common femoral vein, and external iliac vein

with almost completely dissolved deep vein thrombus. However, the compressed left common iliac vein shows obliteration (arrows, G). H, I.
Adjunctive endovascular treatment was performed with manual aspiration using a 10-F large-bore catheter (H) and additional stent placement
(I) using a 14 mm x 8-cm bare metal stent (E Luminexx; Bard). 3-L. On complete angiography, the venous aperture decreases to normal, and the
flow from the femoral vein to the inferior vena cava is restored. M. Photography shows a chronic thrombus removed by manual aspiration using a
large-bore catheter.
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increase in medical expenses. To solve the problem of rising
medical expenses, a 5-F catheter and a large-bore catheter
can be used to remove the thrombus. First, after inserting
the 5-F catheter through the vascular sheath, the catheter
is rotated up and down about the entire thrombus area with
a simultaneous bolus injection of a thrombolytic agent. A
5-F Imager catheter (Boston Scientific) or a 5-F Omni Flush
catheter (Angiodynamics) is used for this step, and the
bolus of tPA is between 7.5 mg and 10 mg [44]. After a rest
period of about 20-30 minutes, aspiration thrombectomy is
performed using a large-bore catheter, by applying negative
pressure to the catheter manually using a 50-cc luer-lock
syringe (Fig. 3). A large-bore catheter is recommended with
a catheter 7-F or larger. These products include a 7-F Envoy
guiding catheter (Codman & Shurtleff, Inc.), an 8-F Guider
Softip (Boston Scientific), a 10-F or 11-F Super Arrow-Flex
(Teleflex, Morrisville) (Supplementary Video).

Indications for adjunctive endovascular treatment include
a residual flow-limiting reduction in vein diameter, visible
flow stasis during contrast injection, opacification of
collateral veins, presence of intraluminal filling defects,
and extrinsic compression [47]. The PMT or PCDT methods
are generally considered safe, requiring a lower dose of
thrombolytic agent and shorter treatment time than other
procedures. However, the technique varies according to
local institutional resources and expertise, and is not clearly
established yet [24].

Stent Placement

Generally, stent placement is the preferred treatment
for iliac vein obstruction or IVC obstruction, especially
when the affected vein is almost obliterated because of
chronic causes. It is difficult to restore the diameter of the
affected vein back to normal with only balloon angioplasty
because intimal proliferation due to chronic intimal damage
of the affected vein often results in elastic recoil after
balloon angioplasty. May-Thurner syndrome is one of the
representative examples (Fig. 2) (Supplementary Video).
Normal blood flow can be restored only when the stent
is placed into the affected vein segment to support the
venous wall (Fig. 4). Closed-cell stents are characterized
by a small free cell area between the structures, whereas
open-cell stents have larger gaps uncovered [48]. Logically,
stents with a smaller free cell area and hence a greater
percentage of wall coverage may better contain the
compressed segments to offer sufficient scaffolding [49].
Therefore, in case of May-Thurner syndrome, closed-cell
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stents are recommended rather than open-cell stents.

Moreover, dedicated venous stents have been developed
recently, with features favoring the venous system [50].
There are several commercially available dedicated venous
stents, such as sinus-Venous (OptiMed GmbH), VICI
(Boston Scientific), Zilver Vena (Cook Medical), and Venovo
(Bard). All of these systems are self-expandable, made of
nitinol, open-cell stents, except VICI, which is a closed-
cell stent. Among them, Venovo is available in Korea. Since
these stents have been released very recently, there are
no studies comparing them with conventional closed-cell
stents. However, the BARD® VENOVO™ Venous Stent Study
for Treatment of Iliofemoral Occlusive Disease is a work in
progress and is estimated to be completed by October 2020
with promising results.

Stent location is very important, especially in May-
Thurner syndrome. If the stenosis is not sufficiently
covered, the stent could migrate caudally or be compressed
into a tapering cone shape, facilitating restenosis [51,52].
Conversely, if the stent is located overriding the stenosis
and extending into the IVC, it impairs the contralateral
venous outflow. This consequently increases the risk of
contralateral DVT and can also cause intimal hyperplasia of
the IVC wall by stent struts [51, 53-55]. Therefore, the ideal
stent location should sufficiently cover the compressed
segment, including the iliocaval confluence, but does not
extend into the IVC.

Stent placement is not recommended for femoropopliteal
venous stenosis to be flow-limiting, and balloon angioplasty
is generally preferred for the lesion, even if the stenotic
segment does not return to normal (Fig. 4) [56].

Concomitant Anticoagulation Treatment

Anticoagulation therapy should be continued before,
during, and after endovascular thrombus removal treatment.
Generally, a subtherapeutic dose of unfractionated heparin
is used, and activated partial thromboplastin time should be
monitored during the treatment period. The infusion rate is
between and 300-500 IU/h during endovascular treatment,
and usually, initial bolus injection is not necessary. During
thrombolytic infusion, the partial thromboplastin time
should be maintained at less than 1.5 times the control
level [44].
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IVC Filter procedure-related symptomatic PE [56]. In a multicenter
randomized controlled trial in which 92 patients received
Ensuring adequate anticoagulation before, during, and infusion-only CDT, there were no cases of procedure-

after the endovascular procedure is the best way to prevent  related symptomatic PE [5]. The incidence of symptomatic

Fig. 3. Endovascular thrombus removal with large-bore catheter aspiration. A 52-year-old man presented with acute left leg swelling. He
has a left femur fracture in a traffic accident 2 weeks ago.

A, B. Ascending venography shows distended femoral vein with intraluminal filling defects (arrows, A), which is compatible with acute deep vein
thrombosis. The common femoral vein and upper vein shows normal (B). C, D. Endovascular thrombus removal was performed using a 5-F Omni
Flush catheter (Angiodynamics) (C) and a 10-F large-bore catheter (Super Arrow-Flex; Teleflex) (D) without using a thrombolytic agent. Inferior
vena cava filter was inserted before the endovascular procedure began (not shown). E, F. Follow-up venography shows patent venous flow from
femoral vein to external iliac vein with complete removal state of deep vein thrombosis.
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Fig. 4. Endovascular treatment of chronic deep vein thrombosis from left common iliac vein to left femoral vein. A 60-year-old man
presented with left leg swelling and pain in the past year. He had the history of pelvic bone fracture 18 months ago.

A, B. CT shows luminal obliteration of left iliac vein (arrows, A) and left common femoral vein (arrow, B) with multiple dilated collateral vessels
along the lower abdominal wall (arrowheads, A, B). C. Venography shows only dilated collateral vessels (arrows) draining into contralateral pelvic
vessels, and no deep venous system is observed above the proximal segment of the femoral vein. D. After recanalization of the obliteration
segment from the left common iliac vein and femoral vein using a 5-F catheter and a guidewire, sequential balloon angioplasty was performed
from left common iliac vein to left femoral vein using a 4 mm x 4-cm balloon catheter (Fortrex; Medtronics) (not shown), and a 7 mm x 20-cm
balloon catheter (Mustang; Boston Scientific). E. Follow-up venography shows faint venous flow from the left femoral vein to the left common
iliac vein, but this long segmental veins are still collapsed. F, G. Additional stent placement was done for the left common iliac vein and the
external iliac vein using two bare metal stents (F), a 12 mm x 10-cm and a 12 mm x 4-cm (E Luminexx; Bard), and balloon angioplasty was
done for left common femoral vein and femoral vein using a 8 mm x 8-cm balloon catheter (Conquest; Bard) (G). H. Completion venography
shows recovered venous flow from the left femoral vein to inferior vena cava through stents, but the segmental stenosis of the femoral vein and
common femoral vein is observed (arrows). Previous noted collateral vessels were reduced but still remain (arrowheads).
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Fig. 5. IVC filter placement before endovascular thrombus removal. A 76-year-old woman presented with right leg swelling for 3 days ago.
A. Ascending venography shows multiple filling defects along the femoral vein (arrows). The common femoral vein and its upper vein maintain
normal blood flow (not shown). B. Follow-up venography performed after catheter maceration using a 5-F catheter had been shown to capture
large amounts of thrombus in the IVC filter (arrows). C, D. Completion venography shows recovered venous flow. Femoral vein duplication is
observed (arrows, C). The IVC filter was not removed because of bed-ridden state of patient. IVC = inferior vena cava

PE during PCDT did not appear to exceed that observed

in patients who received anticoagulant therapy alone
[5,57,58]. Therefore, routine placement of IVC filters before
infusion-only CDT or infusion-first PCDT is not recommended
(Fig. 2) [12]. However, placement of a retrieval filter might
be effective for certain patients with a particularly high
risk of major morbidity due to clinical PE during CDT; these
include patients with a poor cardiopulmonary reserve and
patients treated with stand-alone PMT without PCDT (Fig.
5) [59]. The complications associated with long-term
placement of retrieval IVC filter includes device migration,
embolization, fracture, and recurrence of DVT. When PCDT
is completed, the IVC filter should be removed as soon as
possible to avoid preventable complications.

CONCLUSION

All patients with lower extremity DVT do not need
endovascular thrombus removal procedures. However,
the results of the ATTRACT Trial shows that endovascular
thrombus removal significantly reduced leg-related
symptoms earlier and also reduced the severity score of the
PTS [42,60]. Moreover, many studies have supported the
“open-vein hypothesis,” which states that active removal
of acute DVT may preserve venous function and prevent
PTS [5,31,32,34,36,38,40,46,57]. Select patients with
extensive acute DVT may benefit from relief of early pain
and swelling, reducing venous gangrene, and improving
quality of life. Therefore, endovascular thrombus removal
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is expected to play an important role in patient recovery
and return to activities of daily living early in patients with
acute symptomatic DVT.

Supplementary Materials

The Data Supplement is available with this article at
https://doi.org/10.3348/kjr.2020.0675.

Supplementary Movie Legends

Video clip for endovascular treatment of May-Thurner
syndrome.

A 52-year-old woman presented with left leg swelling
that started 3 days prior. Lower extremity CT angiography
indicated May-Thurner syndrome (not shown). Endovascular
thrombus removal was performed via the left popliteal
vein approach. Pharmacomechanical catheter-directed
thrombolysis was performed using a 5-F Omni Flush catheter
(Angiodynamics) with a bolus injection of urokinase 200
K units. After a rest period of approximately 20 minutes,
aspiration thrombectomy was performed using a large-bore
catheter, 10-F Super Arrow-Flex (Teleflex), while manually
applying negative pressure to the catheter using a 50-cc
Luer-lock syringe. After thrombus removal, recanalization
was established in the occluded segment of the left
common iliac vein using a 5-F KMP Beacon® Tip catheter
(Cook Medical) and a 0.036-inch Glidewire® hydrophilic
coated guidewire (Terumo). Subsequently, angioplasty was
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performed using an 8 mm-10-cm balloon catheter (Mustang,
Boston Scientific) for pre-dilatation, a 12 mm-10-cm stent
(E Luminexx; Bard), and a 12 mm-8 cm balloon catheter
(Mustang; Boston Scientific).
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