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Endovenous stenting has emerged as the method of choice to treat iliofemoral venous outflow obstruction. It is used in
patients with established postthrombotic syndrome (PTS) after previous deep vein thrombosis (DVT) to reduce symptoms
of chronic pain and swelling and to aid ulcer healing in severe cases. Venous stenting is used to alleviate symptoms of
obstruction in patients presenting with acute DVT, with the aim of preventing development of PTS. There is a low risk of
morbidity and mortality associated with the use of endovenous stenting, and although significant advances have been
made, particularly improvements in stent design for use in the venous circulation, data are lacking on beneficial long-term
outcomes. Unmet research needs include optimal patient selection, anticoagulant choice and duration, best practice for
postoperative surveillance, and use of validated assessment tools to measure outcomes. In this article, I address the
potential benefits, as well as the challenges, of endovenous stenting.

LEARNING OBJECTIVES

• Understand the role of venous stenting in patients who present with acute deep vein thrombosis or in patients
with postthrombotic syndrome

• Address the challenges associated with venous stenting

Introduction
The majority of patients presenting with venous throm-
boembolism (VTE) receive treatment with anticoagulation
to prevent thrombus extension and embolization in order
to reduce morbidity and mortality. However, up to 20% to
50% of patients develop PTS as a consequence of DVT
despite anticoagulation.1

Symptoms of PTS include chronic limb swelling and pain,
often leading to major disability and impaired QoL.2 In se-
vere cases, development of leg ulceration leads to signifi-
cant costs for health care services. Clinical scoring systems
often used as outcome measures in studies of VTE have
been developed to assess the severity of PTS, including the
Villalta score3; Clinical, Etiology, Anatomic, Pathophysiology
classification4; and Venous Clinical Severity Score.5

Mechanical methods such as thrombectomy and/or
local thrombolysis to remove thrombus, potentially re-
ducing the incidence or severity of PTS in patients with
symptomatic iliofemoral DVT, have been in place since the
1990s. Endovenous stenting is increasingly used as a fur-
ther treatment modality for management of underlying
symptoms relating to venous outflow obstruction in pa-
tients with acute or chronic symptoms of VTE (Table 1).

Although it appears to be a safe and promising treatment for
prevention and management of PTS, data are lacking. This
article aims to update the reader on the current use of
venous stenting in VTE.

Case 1
Patient 1 is a 27-year-old woman who presented with a 3-
day history of left lower limb pain and extensive leg
swelling. She had experienced a postpartum left-sided
deep vein thrombosis (DVT) 13 years previously and re-
ceived short-term anticoagulation. She had been asymp-
tomatic since.

A venous duplex scan demonstrated acute thrombus in
the left external iliac, common femoral, superficial femoral,
and popliteal veins, confirmed on the basis of a computed
tomographic venogram (obtained while the patient was
being considered for thrombolysis). Shewas anticoagulated
with low-molecular-weight heparin (LMWH) and had cath-
eter-directed thrombolysis (CDT) (without venous stenting)
due to persistent symptoms. Her symptoms improved
within 24 hours of CDT, and she was discharged to home
with rivaroxaban.
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Shedevelopedworsening symptomswithin 2 to 3weeks. Repeat
imaging using magnetic resonance (MR) venography demonstrated
an occluded left iliac vein. She can walk only short distances due to
leg swelling and pain, uses crutches to mobilize, and is unable to
work. She continues to take rivaroxaban (20 mg daily).

Case 2
Patient 2 is a 16-year-old boy who presented with gradual onset
of right lower limb swelling and was diagnosed with iliofemoral
DVT. Several small areas of ulceration were present on his shin,
indicating chronic venous hypertension.

He was anticoagulated with LMWH followed by warfarin.
In view of his age and presentation of acute-on-chronic DVT (leg
ulceration caused by chronic venous insufficiency), it was rec-
ommended that he receive lifelong anticoagulation. His Villalta
score was consistent with severe postthrombotic syndrome (PTS).
His quality of life (QoL) had significantly deteriorated, and he had
nonhealing leg ulcers despite treatment with compression
bandaging.

Imaging demonstrated high-grade stenosis of the lower in-
ferior vena cava and right common iliac vein. Venous stentswere
inserted in the inferior vena cava (IVC) and iliofemoral vein (one
14-mm × 90-mm and two 14-mm × 60-mm stents). Anti-
coagulation postoperatively was with warfarin and was later
switched to rivaroxaban. His symptoms improved over 3 to 4
months, and his leg ulcers healed. He has intentionally lost 25 kg
with the ability to exercise.

What is the history of endovascular stenting?
Endovascular stents have been in use since the 1960s. Tradi-
tionally, stents were designed for placement in the arterial
system.

Endovenous recanalization of iliofemoral stenosis or occlu-
sion with venoplasty and stent placement was first reported by
Berger et al in 19956 and is now the treatment of choice to treat
deep venous disease secondary to venous outflow tract obstruction.

Early attempts at endovenous stenting used arterial stents
but were associated with high rates of reocclusion, since arterial
stents are unsuitable for use in the venous system due to their
small diameters and high radial force. Arterial and venous
anatomies have significant differences. Venous stents need to
have stent flexibility, radial strength and crush resistance (force
required to compress the stent), and the ability to allow precise
deployment (see Table 1).

Most endovenous stents are “bare” (ie, uncovered), but ex-
panded polytetrafluoroethylene-covered nitinol stents and
drug-eluting stents or heparin-coated stents have been devel-
oped. The Vici (Boston Scientific [Figure 1] and Venovo (BD
interventional) nitinol venous stents are currently the only US
Food and Drug Administration–approved stents for use in ilio-
femoral venous occlusive disease, but studies of other devices
are underway.

When are venous stents used?
Venous stenting is used as an adjunctive treatment in patients
presenting with acute iliofemoral DVT if there is a residual ve-
nous obstruction (RVOO) following thrombolysis and balloon
angioplasty,7 with the aim of restoring vein patency and pre-
venting PTS (Table 1). There appears to be a higher incidence of
PTS and VTE recurrence if balloon angioplasty is used alone in
patients with RVOO.8 Appropriate diagnostic methods to define
the lesion using a combination of computed tomography or MR
venogram and intravascular ultrasound (IVUS) should be used
prior to treatment.9

Severe PTS is often due to a chronic outflow obstruction,
mainly the iliac vein, since there is usually poor collateralization
of this vessel. Studies suggest when patients have severe
symptoms; venous stenting is indicated when the obstruction is
>50%, superficial collaterals form (Figures 2 and 3), and there is
reflux in the deep and/or superficial veins.10 Femoropopliteal
DVTs are best treated with anticoagulation only.

Challenges of placing venous stents
Case selection is a key factor when patients are considered for
endovascular treatment. Patients presenting with acute DVT
require considerations different from patients with chronic
symptoms. For acute iliofemoral DVT, strict selection criteria
apply to use of thrombolysis with or without venous stenting,
including bleeding risk, life expectancy, anatomy of the DVT, and
severity of presenting symptoms; thrombolysis is usually re-
served for those presenting with clinically severe thrombosis.
There is a lack of convincing data, particularly medium- to long-
term outcomes, to support use of venous stents in addition to
CDT. Chronic venous obstruction can be postthrombotic or
nonthrombotic, secondary to a number of causes, such as in-
trinsic, mural, and extrinsic pathology. External compression can
be from surrounding tissues or localized compression from a pul-
satile artery, as seen in May-Thurner configurations (compression of
the left common iliac vein by the right common iliac artery).
Chronically occluded veins are usually composed of collagen and
oftenmore difficult to treat. Outcomes vary according towhether a
lesion is a postthrombotic or nonthrombotic iliac vein lesion (NIVL);
therefore, the timing of stenting and the choice of stent design
require careful consideration. The evidence for intervention ismuch
less clear in NIVL, and it should be avoided until there are more
convincing data.

Figure 1. The Vici venous stent system.

Table 1. Patient selection criteria for endovenous stenting

When to consider venous stenting

Acute DVT

Iliofemoral DVT

Symptoms present for <14 d and candidate for thrombolysis

Evidence of residual thrombus or obstruction following thrombolysis

Chronic DVT

Established PTSwith significant moderate to severe symptoms using
validated clinical assessment score (eg, Villalta or CEAP)

Iliofemoral stenosis or obstruction confirmed on imaging amenable
to stent placement

CEAP, Clinical, Etiology, Anatomic, Pathophysiology.
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Themain complication of venous stents is in-stent restenosis or
occlusion. Surveillance of stented limbs with duplex ultrasound
is recommended on the day after stent placement, at 6 weeks, and
yearly thereafter.11 It is our practice to perform duplex ultrasound
the day after stent placement and at 6 weeks, 6 months, and yearly
thereafter. If stents are >50%stenosed, reintervention, usually in the
form of angioplasty to the in-stent stenosis, is required to maintain
stent patency to prevent worsening of symptoms or occlusion.11

The risk of stent reocclusion is associated with a number of
factors, including poor inflow to the obstructed vessel, external
compression, or inappropriate stent design. Patient-related
risk factors may include underlying thrombophilia.12 Other risks
include stent misplacement or migration, stent fracture, and
bleeding, although risk of major bleeding appears to be low
(<1%).13

Patients presenting for surgical intervention usually have
significantly limited function and a severe Villalta score before
intervention. When venous stenting is offered, decision-
making should be based on the patient's premorbid condi-
tion, anatomical extent of disease, and likelihood of symptomatic
improvement. Patients need to be advised of the potential to
reintervene and risks of bleeding and in- stent thrombosis.

What is the evidence for use of venous stenting in
acute DVT?
Current American College of Chest Physicians, National Institute
for Health and Care Excellence, and European Society of Car-
diology guidelines do not provide recommendations for endo-
venous stenting after CDT or pharmacomechanical thrombectomy,
likely due to lack of evidence. Most studies are retrospective, cohort
series, or smaller trialswith variable study design. Earlier studies used
arterial stents rather than dedicated venous stents. Stent patency is
the most frequently measured outcome, and few studies examined
improvements in severity of PTS or QoL scores.

A systematic review of deep venous stenting in acute DVT
identified 27 studies (542 patients). It included 3 randomized
controlled trials (RCTs) and 21 cohort studies (8 prospective, 12
retrospective), and all patients included had undergone lysis,
venoplasty, and stenting. The overall patency rates were 87.8%
over a follow-up period of 12 to 19.7 months.14 PTS was assessed
in 26 of 27 studies, with an observed rate of 14.6%, but PTS
clinical scores and QoL were assessed in only 3 of 27 studies
over a short period of 3 months. Chronic venous insufficiency
questionnaires (CIVIQs) were used; only one compared stenting
versus no stenting, but it did show a significant improvement in
QoL using CIVIQ scores (22.67 ± 3.01 vs 39.34 ± 6.6; P < 0.01).15

Only 1 of the 3 randomized trials included15-17 was randomized
between stenting and no stenting.15 In that study, the patency
rate was 86% vs 54.8% in the stented vs nonstented group, and
there was a significant reduction in CEAP score (1.61 ± 0.21 vs
0.69 ± 0.23).

The ATTRACT (Acute Venous Thrombosis: Thrombus Re-
moval with Adjunctive Catheter-Directed Thrombolysis)18 and
CAVENT (Catheter-Directed Venous Thrombolysis in Acute
Iliofemoral Vein Thrombosis)19 trials were large RCTs designed to
address whether thrombolysis led to a reduction of PTS. The
CAVENT trial19 showed a significant reduction in the incidence of
PTSwith CDT (49% vs 63%) but did not show any difference in QoL
outcomes. The ATTRACT trial18 showed less reduction in the in-
cidence of PTS, but it showed a reduction in severity of PTS at
6-, 12-, 18-, and 24-month follow-ups and, similar to CAVENT,
showed no improvement in QoL. However, only a small number of
patients included in the intervention arms of these trials had venous
stenting after thrombolysis (28% in the ATTRACT trial and 18% in
CAVENT),whichmaypartlyexplain thepooroutcomesof these trials.

Overall, although outcomes appear promising, there are few
data to support use of stenting in patients with acute DVT, and
it should be used only for highly selected patients.

Table 2. Ideal venous stent structure

Stent structure Material composition: steel/nickel/titanium/nitinol stent design, cell design (laser cut vs braided)

Mechanical properties Radical strength, radical stiffness, acute recoil, foreshortening, crush resistance

Deployment method Self-expandable vs balloon expandable

Stent covering Bare metal vs coated vs drug eluting

Table 3. Venous stent devices

Device CE mark approval FDA approved

Abre (Medtronic) 2017 —

blueflow (plus medica GmbH & Co. KG) 2018 —

sinus-Obliquus (optimed Medizinische Instrumente GmbH) 2013 —

sinus-Venous (optimed Medizinische Instrumente GmbH) 2015 —

WALLSTENT (Boston Scientific) 2015 —

Venovo (BD) 2015 2019

Vici (Boston Scientific) 2013 2019

Zilver Vena (Cook Medical) 2010 —

CE mark, administrative marking that indicates conformity with health, safety, and environmental protection standards for products sold within the
European Economic Area; FDA, US Food and Drug Administration.

608 | Hematology 2020 | ASH Education Program



Placement of a venous stent in patient 1 in addition to
thrombolysis at the time of presentation of DVT might have
prevented reocclusion and reduced her risk of developing
significant PTS.

What is the evidence for the use of venous stenting in
chronic DVT?
European Society for Vascular Surgery guidelines recommend
angioplasty and stenting as first-line treatment for patients with
clinically relevant chronic iliocaval or iliofemoral obstruction or
those with symptomatic NIVL (class IIa, level B),20 while the
American Heart Association guidelines recommend that it be
considered in these situations (class IIb, level of evidence B).21

One of the first large single-center retrospective studies of
endovenous stenting included 139 patients (78 patients with PTS
secondary to previous DVT and 61 with NIVL). Patients with PTS
showed a significant improvement in symptoms of pain and
swelling (reduction of visual analog pain score from 4.2 to 2.2);
50% of 24 patients with leg ulcers showed complete healing.22

Stent reocclusion rates were 17%. While these initial results
appeared promising, most later studies of venous stents were
also retrospective, using stent patency as the main outcome
measure. Few studies looked at reduction in symptom severity
over the medium to long term.

A recent systematic review of venous stenting in chronic
disease included 16 (mainly retrospective) studies of 2373
postthrombotic and 2586 nonthrombotic patients. Primary pa-
tency rates (open stent without need for reintervention) were

32% to 98%.23 Primary assisted patency rates (open stent but ad-
ditional procedures required to prevent occlusion) were between
66% and 96%, and secondary patency rates (open stent required
an additional procedure following occlusion) were between
68% and 96%. Twelve of the 16 studies reported on ulcer healing,
which occurred in 56% to 100% of patients. Only 5 studies re-
ported on severity of symptoms, but 4 of them showed a sig-
nificant reduction in symptoms using validated scoring systems
(CEAP and Villalta).

Similarly, only 3 studies reported on QoL outcomes (using
CIVIQ and VEINESQOC scores) and showed general improve-
ment in venous disease–related QoL scores.

Major complications were less than 2% across all studies
(including bleeding, prolonged hospitalization, or need for further
intervention), but reporting was variable between studies. No
postoperativemortalitywas reported in 6 of the 16 studies, and no
pulmonary emboli were reported.

It is accepted that chronic venous disease is more difficult to
treat than NIVL and often leads to higher rates of stent re-
occlusion, particularly in patientswith postthrombotic lesions.10,24,25

Significant drawbacks of most studies are that NIVLs are included
with postthrombotic lesions, while control groups were rarely in-
cluded, making it difficult to interpret whether stenting really im-
proves outcomes.

Preliminary data from multicenter, multinational single-arm
prospective studies (the VERNACULAR and VIRTUS trials) using
newer dedicated venous stents have shown primary patency
rates at 12 months to be 88.3%.and 84%, respectively.26,27 The

Figure 2. Example of thrombosed iliofemoral lesion with col-
lateralization before venous stenting.

Figure 3. Improved vascular flow after venous stenting using
the Abre stent (Medtronic).
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VERNACULAR study showed a significant improvement in QoL
scores (venous clinical severity score [VCSS] reduced at 12
months [4.0 ± 3.9]); further data from the VIRTUS trial are
pending. The Arnsberg venous registry of 79 patients has
shown a 6-month primary patency rate of 98% and signifi-
cant decreases in revised VCSS scores, as well as ulcer
healing in all 8 patients with ulcers.28 No major complica-
tions were seen.

Overall, evidence for use of venous stenting for treatment of
chronic venous disease is weak, but potential particular benefits
in improvement of QoL scores and ulcer healing have been
shown. Randomized controlled trials using dedicated venous
stents are needed to provide robust data on improvements in
severity of PTS using clinical scores andQoL indicators, aswell as
complication rates over the long term.

Patient 2 underwent venous stenting and had significant re-
duction in the severity of his PTS, and his leg ulcers healed. Im-
portantly, his QoL significantly improved, demonstrating that, in
carefully selectedpatients, stenting can lead to improvedoutcomes.

How is anticoagulation managed in patients with venous
stents, and how should they be followed up?
Few studies specifically address management of anticoagulation
in patients with venous stents. The duration of anticoagulation
is usually determined by underlying risks for VTE recurrence
and not by the presence of a venous stent.

Most studies to date have involved the use of unfractionated
heparin, LMWH, and vitamin K antagonists because many pre-
date the use of direct oral anticoagulants. Eijgenraam et al
concluded that anticoagulation regimens made no difference to
outcomes in their systematic review of antithrombotic man-
agement.34 Taha et al could not draw any firm conclusions re-
garding anticoagulation, particularly extended use, in the
setting of stenting in acute VTE.14 Use of antiplatelet agents did
not seem to show any significant benefit.14

Pregnancy in women who have had previous VTE and
stenting procedures may need careful consideration. Retro-
spective data suggest they are not at increased risk of stent
occlusion or recurrent VTE during pregnancy or in the post-
partum period,30 but further data are required.

Future research will need to focus on defining optimal peri-
and postoperative management.

Conclusions
Endovenous stenting is a minimally invasive, relatively safe
procedure with promising outcomes in reducing the severity
of PTS and improving QoL. However, further research is
needed to establish its usefulness in management of deep
venous disease, particularly the long-term outcomes and
cost-benefits.
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