
From t

Vascu

Arnsb

weste

Vascu

vascu

diolo

Depa

Lafay

Darie

the D

and t

Wilm
The VIVID trial 12-month outcomes of the venous stent for the

iliofemoral vein using the Duo venous stent system
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ABSTRACT
Objective: There are varying anatomical and mechanical demands of stent placement in the iliofemoral venous segment;
the Duo Venous Stent System is designed to address these issues. The purpose of the VIVID (Venous stent for the Iliofemoral
Vein Investigational clinical trial using the Duo Venous Stent System) study was to investigate the safety and efficacy of the
Duo Venous Stent System for the treatment of patients with nonmalignant iliofemoral venous obstructive disease.

Methods: This was an international, prospective, multicenter, single-arm study that enrolled patients with symptomatic non-
thrombotic (NT), post-thrombotic (PTS), or acute deep vein thrombotic (aDVT) iliofemoral venous outflow obstruction. The pri-
mary safety end point was freedom frommajor adverse events at 30 days after the index procedure. The primary efficacy end
pointwasprimarypatencyof stent-bearing segments at 12months. Secondary andobservational endpoints included symptom
relief, primary-assisted patency, secondary patency, and device success. Patients remain in follow-up for 36months.

Results: A total of 162 patients were enrolled at 30 sites in the United States and Poland. The primary safety end point was
achieved in 98.7% of patients against a predefined performance goal of 89.0% (P < .0001). The primary safety end point
was achieved in 100%, 95.0%, and 100% of the NT, PTS, and aDVT cohorts, respectively. The primary efficacy end point was
met in 90.2% compared with the performance goal of 77.3% (P ¼ .0002). Primary patency was observed in 95.2% of
patients with NT disease, 79.4% of those with PTS, and 86.7% of those with aDVT. No stent fracture, migration, or
embolization occurred through 12 months. Patient-reported outcomes showed improvements in Venous Clinical Severity
Score, Villalta, EQ-5D-3L, and VEINES-QoL/Sym scores from baseline through 6 and 12 months.

Conclusions: Through 12 months, the Duo Venous Stent System is safe and effective for the treatment of nonmalignant
iliofemoral venous obstructive disease. (J Vasc Surg Venous Lymphat Disord 2025;13:101995.)

Clinical Relevance: The VIVID (Venous stent for the Iliofemoral Vein Investigational clinical trial using the Duo Venous
Stent System) investigational device exemption trial is the first study of a hybrid, venous stent specifically designed to
address the anatomic challenges of the iliofemoral venous system. The Duo Venous Stent System consists of a self-
expanding nitinol Duo Hybrid Stent used independently or in conjunction with the flexible extension Duo Extend Stent.
This is the first report of primary outcomes from the VIVID Study, assessing the safety and efficacy of the Duo Venous
Stent System to treat patients with nonmalignant, symptomatic iliofemoral venous outflow obstruction. The Duo Venous
Stent System successfully met its 12-month safety and effectiveness performance goals.

Keywords: Iliofemoral venous obstructive disease; Duo Venous Stent System; Safety; Patency; Quality of life
Acute or chronic iliofemoral venous obstruction can lead
to significantmorbidity thatmay lead to quality of life (QoL)
and activity limitations. The central venous pathology can
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cause signs and symptoms of venous hypertension
including lower extremity pain, edema, skin changes (hy-
perpigmentation, induration, inflammation, fibrosis,
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ARTICLE HIGHLIGHTS
d Type of Research: A prospective, multicenter, single-
arm, nonblinded investigational device exemption
trial

d Key Findings: The primary safety end point of
freedom from major adverse events at 30 days after
the index procedure was achieved in 98.7% (P <

.0001) of the 162 patients enrolled in the study,
against a predefined performance goal of 89.0%
(P < .0001). The primary efficacy end point of primary
patency of stent-bearing segments at 12 months was
met in 90.2% compared with the performance goal
of 77.3% (P ¼ .0002). No stent fracture, migration, or
embolization occurred through 12 months. Patient-
reported outcomes showed improvements in
Venous Clinical Severity Score, Villalta, EQ-5D-3L,
and VEINES-QoL/Sym scores from baseline through
6 and 12 months.

d Take Home Message: Through 12 months, the Duo
Venous Stent System is safe and effective for the
treatment of nonmalignant iliofemoral venous
obstructive disease.
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lipodermatosclerosis), and venous stasis ulceration.1,2 The
etiologies are primarily nonthrombotic (NT) obstruction
(eg, May-Thurner Syndrome), acute thrombotic (aDVT),
and chronic post-thrombotic syndrome (PTS).2-4

Venous stent placement can be effective for patients
where venous obstruction has negatively impacted QoL
despite conservative treatment.2-4 Recently, dedicated
venous stents have been developed and studied in inves-
tigational device exemption (IDE) trials,5-11 and are now
recommended by international guidelines for the treat-
ment of symptomatic iliofemoral venous outflow
obstruction.2,3 Unlike iliac arterial stents, venous stents
need to balance high crush resistance in the pelvis and
excellent flexibility, because they are frequently placed
underneath the inguinal ligament. The iliac vein anat-
omy is also unique in that compliant veins are stented
through a tortuous anatomy in the pelvis.
The Duo Venous Stent System is designed to address

the need for crush resistance and flexibility at different
segments of the iliofemoral venous tract. The VIVID
(Venous stent for the Iliofemoral Vein Investigational clin-
ical trial using the Duo Venous Stent System) study
assessed the safety and efficacy of the Duo Venous Stent
System to treat patients with nonmalignant, symptom-
atic iliofemoral venous outflow obstruction.
METHODS
Study design. VIVID (NCT04580160) is a prospective,

multicenter, single-arm, nonblinded IDE trial conducted
in the United States and Poland to investigate the safety
and efficacy of theDuoVenous Stent System for treatment
of patients with nonmalignant iliofemoral obstructive dis-
ease. The studywasdesigned to enroll up to 160patients at
45 international centers. The study protocol was approved
by ethics committees and/or investigational review boards
at all participating centers. All patients provided written
informed consent before enrollment.
A data safety monitoring board oversaw study safety,

and events were adjudicated by the Clinical Events Com-
mittee (CEC). An independent core laboratory (Syntropic
Core Lab, Columbus, OH) assessed all imaging, including
radiography, duplex ultrasound (DUS), intravascular ul-
trasound (IVUS), and venography.

Stent design. The Duo Venous Stent System is
comprised of the Duo Hybrid and Duo Extend Stents
(Fig 1). Both stents are self-expanding and are mounted
on a disposable delivery system. Both stents contain four
radiopaque markers on the cranial and caudal ends.
Thecranial strengthof theDuoHybridStent ispairedwith

caudal flexibility, allowing treatment from the confluence
of the iliac veins through the common femoral vein. The
Duo Hybrid has a distinct integrated design that uniquely
combines multiple mechanical properties into a single
stent. Thesepropertiesareprecisely variedalong the length
of the stent todeliver radial outward force, crush resistance,
andflexibilitywhereneeded.This stent is laser-cut fromone
continuous, high purity nitinol tube with no junction be-
tween segments. The stent is available in 12- to 18-mm di-
ameters and 60- to 160-mm lengths and is delivered on a
9F or 10F system. The Duo Hybrid can be used indepen-
dently or with the Duo Extend. The use of Extend was at
the physician’s discretion based on the need to extend
coverage.
The Duo Extend is also a laser-cut nitinol stent; it encom-

passes the flexibility of the caudal segment of the Duo
Hybrid stent with the intention to integrate with the Duo
Hybrid Stent to extend therapy to treat longer lesions,
including extension across the inguinal ligament. The stent
is available in 12- to 16-mm diameters and 40- to 140-mm
lengths and is delivered on a 9F or 10F system.

Patient enrollment and eligibility. Study centers
enrolled patients with symptomatic, unilateral, nonmalig-
nant venous outflow obstruction. Key inclusion and exclu-
sion criteria are presented in Supplementary Table I (online
only). Patientswere enrolledprospectively into three venous
disease state classifications, defined by the enrolling inves-
tigator: NT, PTS, and aDVT. The NT subgroupwas defined as
symptomatic patients with iliofemoral venous obstruction
and no history of DVT. The PTS subgroup was defined as
patients with total occlusion or stenosis of iliofemoral seg-
ments requiring stent placement with symptoms onset of
>14days or anyobstructionof the iliofemoral segmentswith
history of ipsilateral DVT within 2 years, regardless of symp-
tom onset. The aDVT subgroup was defined as patients
experiencingafirst episodeof acute symptomatic ipsilateral



Fig 1. Duo hybrid (A) and extend (B) stent designs.
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DVT #14 days old with acute thrombus and iliofemoral
obstruction requiring stent placement and successful
removal of the thrombus before stent placement. The study
planned to enroll a minimum of 20% of the total patients
into each of the three venous disease state classification
groups; however, the subset minimumwas eliminated due
to enrollment challenges associated with the coronavirus
disease 2019 (COVID-19) pandemic.

Procedure and follow-up. The final eligibility of all pa-
tients was confirmed using baseline IVUS measurements
during the index procedure, as detailed in the
Supplementary Methods (online only) Procedure and
follow-up. Imaging requirements and postdilatation
measurements are also detailed.
Procedural techniques for iliofemoral venoplasty and

stent placement were deferred as per the institutional
standard of care. All patients received either dual anti-
platelet and/or antiplatelet/anticoagulation combination
therapy. The minimum anticoagulation treatment dura-
tions were 3 months for NT patients and 12 months for
thrombotic patients. Further detail is provided in the
Supplementary Methods (online only) Antiplatelet and
anticoagulation regimen section.
Follow-up visits were scheduled at 30 days, 6, 12, 24, and

36 months.

End points. The primary safety and efficacy end points
were CEC- and core laboratory-adjudicated. The primary
safety end point was freedom from major adverse events
(MAEs) at 30 days after the index procedure (per patient).
The definition of MAEs is detailed in Supplementary
Table II (online only). Time zero was defined as the in-
dex procedure and for patients with at least one MAE,
the date of the event is the date of the earliest MAE.
Patients were still considered evaluable for the 30-day
primary safety end point if they had a late 30-day
follow-up visit or missed the 30-day visit, but a visit
occurred beyond 30 days. Because of this, the number of
evaluable patients for the primary safety end point could
be higher than the number of patients presenting for a
visit at 30 days.
The primary efficacy end point was primary patency of

the stent-bearing segment(s) at 12 months (evaluated
through day 390). Primary patency was defined as a
composite of freedom from occlusion or stenosis of
>50% within the stented segment and freedom from
clinically driven target lesion revascularization (CD-TLR),
defined as an endovascular or surgical procedure for
new, recurrent, or worsening symptoms and core-
laboratory adjudicated >50% stenosis or occlusion.
IVUS was required if DUS suggested >50% stenosis or oc-
clusion of the stented segment, or if the DUS was non-
diagnostic or suboptimal (eg, due to obesity). The
number of evaluable patients for the primary efficacy
end point could be higher than the number of patients
presenting for a 12-month visit if a CD-TLR occurred
before or including day 390.
Secondary end points assessed at 12 months included

patient symptom improvement measured by the
Venous Clinical Severity Score (VCSS) pain score,
primary-assisted patency, and secondary patency
(Supplementary Table II, online only).
Observational end points included device, lesion, and

procedural success (Supplementary Table II, online
only). Additional observational end points included stent
fracture, migration, and embolization. MAEs, CD-TLR,
clinically driven target vessel revascularization
(Supplementary Table I, online only), and ulcer healing
were also collected over 12 months. Changes in the Euro-
pean Quality of Life-5 Dimensions-3 Level (EQ-5D-3L),
VEINES QoL/Sym, and Villalta scores were also measured.

Statistical analyses. All statistical analyses were based
on the intent-to-treat (ITT) population, which included
all patients who had the Duo Venous Stent System. The
planned sample size of 160 patients provided an overall
power of$90% toevaluate theprimary safety andefficacy
end point hypotheses against the performance goals. A
one-sample exact binomial test was used with a one-
sided type I error controlled at 2.5% for the primary
safety point. Disease state-specific (ie, NT, PTS, and aDVT)
performance goals were calculated from the point esti-
mates for major bleeding, pulmonary embolism, and
periprocedural mortality from a previously published
meta-analysis4 and converted to freedom from estimates
and application of a 10% noninferiority margin. In VIVID,
the safety performance goal for the NT group was 89.0%,
PTS was 88.0%, and aDVT was 87.0%. However, given the
similarity of the disease state-specific performance goals,
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Fig 2. Patient flow chart.
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it was determined that a disease state-specific goal was
not needed and the performance goal for the primary
safety end point (freedom from MAEs at 30 days) was
89.0%. The performance goal for the primary efficacy end
point (primary patency of the stented segment at
12 months) was also based on the same meta-analysis,4

that is, the lower 95% confidence interval (CI) with a
margin of 10%. The performance goal for the primary ef-
ficacy end point in the VIVID study was based on the
proportions of ITT patients prospectively enrolled in each
of the disease states (ie, NT, PTS, and aDVT). The perfor-
mance goal was established at 83.0% for NT, 66.0% for
PTS, and 70.0% for aDVT. The overall target performance
numberwas setwhen all enrolled patients completed the
index procedure andwas established at 77.3%. The overall
primary efficacy and safety end points were hypothesis
tested; however, the primary efficacy and safety end
points for each individual disease state were not powered
to detect statistical differences.
Continuous data are reported as mean 6 standard de-

viation. Categorical variables are reported as frequencies
and percentages. Kaplan-Meier methodology was used
to assess time-to-event end points.
All analyses were prespecified in the statistical analysis

plan. Data were analyzed with STATA version 17.0 or
higher. A P value of less than .025 was used to determine
statistical significance for the primary end points.

RESULTS
Enrollment and patient follow-up. Between November

2021 and December 2022, 270 patients were screened
for eligibility in the VIVID study (Fig 2). Of these, a total
of 162 patients were enrolled across 30 centers
throughout the United States and Poland. One hundred
fifty patients (92.6%) completed the 30-day follow-up, 144
(88.9%) completed the 6-month follow-up, and 136
(84.0%) completed the 12-month follow-up.

Baseline demographic, clinical, and procedural char-
acteristics. Demographics andbaseline characteristics are
presented inTable I. Themeanagewas59.46 15.8yearsand
63.0% of patients were male. Of the 162 enrolled, patients
were classified as NT (64.2%), PTS (25.9%), and aDVT (9.9%).
Thirteen patients (8.0%) had a history of severe acute res-
piratory syndrome coronavirus 2 infection before study
enrollment and outside of the 60-day exclusion window.
Most patients (86.4%) had an onset of symptoms >14 days
that led to venous stent placement. Themajority (66.0%) of
patients presented with edema (Clinical, Etiological,
Anatomical, Pathophysiological [CEAP] C3) followed by
hyperpigmentation (13.0%; CEAP C4a). Most patients
(52.5%) reported moderate pain (VCSS pain score 2), fol-
lowed by severe (25.6%), mild (15.0%), and no pain (6.9%).
Baseline lesion and procedural details are shown in

Table II. The target limbwas the left leg in79.6%ofpatients
(129/162). The most cranial lesion location was the com-
mon iliac vein in91.3% (137/150), andthemost caudal lesion
location was the external iliac vein in 46.0% (69/150) with
18.7% (28/150) extending into the common femoral vein.
The mean lesion length was 55.2 6 44.6 mm. The Duo
Hybrid Stent was placed alone in 112 patients (69.1%),
whereas 50 patients (30.9%) were treated with both the



Table I. Demographics and baseline characteristics

Demographics and baseline
characteristics

Total
(n ¼ 162)

NT
(n ¼ 104 [64.2%])

PTS
(n ¼ 42 [25.9%])

Acute thrombotic
(n ¼ 16 [9.9%])

Age, years 59.4 6 15.8 61.5 6 15.0 55.3 6 16.4 56.4 6 17.5

Male 102 (63.0) 71 (68.3) 22 (52.4) 9 (56.2)

White/Caucasian 134 (82.7) 84 (80.8) 38 (90.5) 12 (75.0)

BMI, kg/m2 30.1 6 5.7 30.9 6 5.8 29.2 6 5.5 26.9 6 4.3

Prior superficial venous ablation to
the target limb

23 (14.2) 21 (20.2) 2 (4.8) 0 (0)

Previously diagnosed and resolved
DVT in target limb

24 (14.8) 3 (2.9) 17 (40.5) 4 (25.0)

Previously diagnosed and resolved
DVT in the nontarget limb

9 (5.6) 2 (1.9) 7 (16.7) 0 (0)

Contralateral venous obstructive
disease

9 (5.6) 8 (7.7) 1 (2.4) 0 (0)

Onset of symptoms that led to
venous stenting intervention

#14 days 25 (15.4) 4 (3.8) 7 (16.7) 14 (87.5)

>14 days 137 (86.4) 100 (96.2) 35 (83.3) 2 (12.5)

CEAP classificationa

C0 2 (1.2) 0 (0) 2 (4.8) 0 (0)

C1 1 (0.6) 1 (1.0) 0 (0) 0 (0)

C2 1 (0.6) 1 (1.0) 0 (0) 0 (0)

C2r 0 (0) 0 (0) 0 (0) 0 (0)

C3 107 (66.0) 65 (62.5) 27 (64.3) 15 (93.8)

C4 9 (5.6) 8 (7.7) 1 (2.4) 0 (0)

C4a 21 (13.0) 15 (14.4) 5 (11.9) 1 (6.2)

C4b 3 (1.9) 2 (1.9) 1 (2.4) 0 (0)

C4c 0 (0) 0 (0) 0 (0) 0 (0)

C5 8 (4.9) 4 (4.8) 3 (7.1) 0 (0)

C6 9 (5.9) 6 (5.8) 3 (7.1) 0 (0)

C6r 1 (0.6) 1 (1.0) 0 (0) 0 (0)

VCSS pain

0 e None 11 (6.9) 5 (4.9) 3 (7.3) 3 (18.8)

1 e Mild 24 (15.0) 16 (15.5) 6 (14.6) 2 (12.5)

2 e Moderate 84 (52.5) 56 (54.4) 24 (58.5) 4 (25.0)

3 e Severe 41 (25.6) 26 (25.2) 8 (19.5) 7 (43.8)

BMI, Body mass index; CEAP, Clinical, Etiological, Anatomical, Pathophysiological; DVT, deep vein thrombosis; NT, nonthrombotic; PTS, post-
thrombotic syndrome; VCSS, Venous Clinical Severity Score.
Values are mean 6 standard deviation or number (%).
aSite-reported classification based on patient symptoms. Sites reported as either category or subcategory.
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Duo Hybrid and Duo Extend Stents. The mean stented
length was 126.4 6 46.9 mm and most patients (67.3%)
received one stent. The preintervention mean stenosis
was 71.26 15.0%,whichwas reduced to a postintervention
mean stenosis of 6.7 6 9.6%.

Primary end points. The primary safety end point
(freedom from MAEs at 30 days) was achieved in 98.7%
(157/159; 95% CI. 95.5%-99.8%), meeting the predefined
performance goal of 89.0% (P < .0001) (Table III). There
were two patients who experienced a CEC-adjudicated
MAE (both patients were in the PTS cohort and had
developed a new thrombus in the stented segment
requiring reintervention). There were no reports of de-
vice- or procedure-related deaths, major bleeding,
venous injuries, amputations, or embolizations.
The primary efficacy end point (primary patency of the

stent-bearing segment at 12 months) was met in 90.2%
of patients (119/132; 95% CI, 83.1%-95.0%), thus meeting
the target performance goal of 77.3% (P ¼ .0002)
(Table III). Of the 13 patients who did notmeet the primary
efficacy end point, 7 (5.3%) experienced a CD-TLR and 6
(4.5%) were not patent in the absence of a CD-TLR. Of
those patients experiencing CD-TLR, two reinterventions



Table II. Baseline lesion and procedural characteristics

Baseline lesion and
procedural details

Total
(n ¼ 162)

NT
(n ¼ 104)

PTS
(n ¼ 42)

Acute thrombotic
(n ¼ 16)

Target limb

Left 129 (79.6) 83 (79.8) 30 (71.4) 16 (100)

Right 33 (20.4) 21 (20.2) 12 (28.6) 0 (0)

Lesion location (most cranial)

IVC 2.0 (3/150) 0 (0/0) 4.8 (2/42) 6.2 (1/16)

Common iliac vein 91.3 (137/150) 90.2 (83/92) 92.9 (39/42) 93.8 (15/16)

External iliac vein 6.0 (9/150) 9.9 (9/92) 0 (0/0) 0 (0/0)

Common femoral vein 0.7 (1/150) 0 (0/0) 2.4 (1/42) 0 (0/0)

Lesion location (most caudal)

IVC 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

Common iliac vein 35.3 (53/150) 44.6 (41/92) 16.7 (7/42) 31.3 (5/16)

External iliac vein 46.0 (69/150) 52.2 (48/92) 28.6 (12/42) 56.3 (9/16)

Common femoral vein 18.7 (28/150) 3.3 ((3/92) 54.8 (23/42) 12.5 (2/16)

Preintervention stenosis, % 71.2 6 15.0 69.5 6 14.9 75.5 6 15.9 71.5 6 11.6

Postintervention stenosis, % 6.7 6 9.6 5.4 6 8.4 8.6 6 10.4 10.1 6 13.2

Mean lesion length, mm (No. patients) 55.2 6 44.6 (145) 45.1 6 25.3 (90) 74.9 6 67.4 (40) 63.4 6 43.3 (15)

Mean stented length, mm (No. patients) 126.4 6 46.9 (147) 114.6 6 35.6 (89) 154.2 6 60.2 (42) 118.3 6 31.4 (16)

Stents extended below inguinal ligament, % 18.7 3.3 54.8 12.5

Duo hybrid stent alone 112 (69.1) 84 (80.8) 17 (40.5) 11 (68.8)

Duo hybrid stent placed with duo extend 50 (30.9) 20 (19.2) 25 (59.5) 5 (31.2)

Stents used

1 109 (67.3) 82 (78.8) 16 (38.1) 11 (68.8)

2 49 (30.2) 21 (20.2) 23 (54.8) 5 (21.3)

3 4 (2.5) 1 (1.0) 3 (7.1) 0 (0)

Procedure time, minutes 56.9 6 32.2 45.7 6 21.7 81.7 6 42.5 64.8 6 16.4

Fluoroscopy time, minutes (No. patients) 13.4 6 13.9 (159) 10.4 6 14.0 (103) 20.4 6 13.4 (40) 15.0 6 7.1 (16)

Site location

Hospital 96 (59.3) 46 (44.2) 34 (81.0) 16 (100)

Office-based laboratory 62 (38.3) 57 (54.8) 5 (11.9) 0 (0)

Ambulatory surgical center 4 (2.5) 46 (44.2) 3 (7.1) 0 (0)

IVC, Inferior vena cava; NT, nonthrombotic; PTS, post-thrombotic syndrome.
Values are number (%) or mean 6 standard deviation.
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occurred within 30 days of the index procedure owing to
stent occlusion. The remaining cases of CD-TLR occurred
on average 150.4 days from index procedure (range, 41-
249 days) and were prompted by leg swelling (n ¼ 1) or
thrombosis (n ¼ 2)/deep vein thrombosis (n ¼ 2). The 12-
month Kaplan-Meier estimates of primary, primary assis-
ted, and secondary patency are shown in Fig 3, A.
In subgroup analyses, the primary safety end point was

achieved in 100% (103/103), 95.0% (38/40), and 100% (16/
16) of the NT, PTS, and aDVT cohorts, respectively
(Table III). Primary patency of the stented segment at
12 months was observed in 95.2% of patients (79/83)
with NT disease, 79.4% (27/34) of those with PTS, and
86.7% (13/15) of those with aDVT (Table III). The 12-
month Kaplan-Meier estimate of primary patency by dis-
ease state is shown in Fig 3, B.

Secondary end points. Primary-assistedpatencyandsec-
ondary patency at 12monthswere 94.7% (124/131) and 95.4%
(125/131), respectively (Table IV). Primary-assisted patency at
12 months in the NT, PTS, and aDVT cohorts was 98.8% (81/
82), 88.2% (30/34), and 86.7% (13/15), respectively. Secondary
patency at 12 months in the NT, PTS, and aDVT cohorts was
98.8% (81/82), 91.2% (31/34), and 86.7% (13/15), respectively.
There was a sustained improvement in the VCSS from

baseline to 12 months in all cohorts (ie, ITT, NT, PTS,
and aDVT) (Fig 4, A). The score improved from a median
of2 (moderatepain) atbaseline to0 (nopain) at 12months.



Table III. Primary safety and effectiveness end points

Primary safety and efficacy end points
Total

(n ¼ 162)
NT

(n ¼ 104)
PTS

(n ¼ 42)
Acute thrombotic

(n ¼ 16)

Primary safety at 30 days 98.7 (157/159)
PG: 89.0%
P < .0001

100 (103/103) 95.0 (38/40) 100 (16/16)

Device- or procedure-related death 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

Device- or procedure-related bleed at target vessel and/or lesion 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

Device- or procedure-related venous injury 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

Target limb major amputation 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

Clinically significant pulmonary embolism 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

Stent embolization outside of target vessel 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

New thrombus within stented segment requiring intervention 1.3 (2/159) 0 (0/0) 5 (2/40) 0 (0/0)

Primary Patency at 12 months 90.2 (119/132)
PG: 77.3%
P ¼ .0002

95.2 (79/83) 79.4 (27/34) 86.7 (13/15)

Occlusion or stenosis >50% 4.5 (6/132) 1.2 (1/83) 8.8 (3/34) 13.3 (2/15)

Total occlusion 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

CD-TLR 5.3 (7/132) 3.6 (3/83) 11.8 (4/34) 0 (0/15)

CD-TLR, Clinically driven target lesion revascularization; NT, nonthrombotic; PG, performance goal; PTS, post-thrombotic syndrome.
Values are percent (n/N).
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Observational end points. Observational end points are
shown in Table IV. Device success (per stent introduced)
was achieved in 98.6% (216/219), lesion success in 100%
(162/162), and procedural success in 100% (162/162). There
were no reports of stent fracture, migration, or emboli-
zation through 12 months.
At 12 months, Kaplan-Meier estimates of freedom from

CD-TLR and clinically driven target vessel revasculariza-
tion were 96.2% (95% CI, 91.7%-98.3%) and 95.6% (95%
CI, 90.9%-97.9%), respectively. The Kaplan-Meier estimate
of freedom from MAEs was 95.5% (95% CI, 90.9%-97.8%).
At 12 months, eight patients had experienced an MAE;
seven were reported as a new thrombus within the
stented segment requiring reintervention and one was
a clinically significant pulmonary embolism confirmed
by computed tomography angiography.
Clinically meaningful improvements in QoL and func-

tional outcomes were observed at 12 months compared
with baseline (Fig 4). There were improvements in both
the baseline VEINES-Sym (52.6 6 24.9 vs 76.9 6 21.9)
(Fig 4, B) and VEINES-QoL scores (51.4 6 23.8 vs 75.9 6

23.6) (Fig 4, C) at 12 months. Sustained improvements in
the EQ-VAS health state score (Fig 4, D) and all five dimen-
sionsof theEQ-5D-3Lscorewerealsonotedover 12months.
The Villalta Score improved from 10.4 6 4.8 at baseline to
3.3 6 3.9 at 12 months (Fig 4, E). Of the 13 venous wounds
that were present at baseline, only one wound remained
ongoing at 12 months, and it was noted to be “improved.”
Only two patients had new wounds during the 12-month
follow-up period (both patients were classified as NT and
were CEAP C4b and C6 at baseline).
DISCUSSION
In the prospective, multicenter, single-arm VIVID IDE

study, theDuoVenous Stent Systemmet its primary safety
and efficacy end points. The primary safety end point was
achieved in 98.7%of patients, and therewere no instances
of stent fracture, migration, or embolization through
12 months. The primary efficacy end point was met in
90.2%. Positive patient outcomes were noted as reflected
by improvements in the VCSS, Villalta, EQ-5D-3L, and
VEINES-QoL/Symscores frombaseline through 12months.
The primary safety and efficacy outcomes reported in

the VIVID study are comparable with other IDE trials,
which report 30-day MAE rates of 1.0% to 6.5% and 12-
month primary patency rates ranging from 84.0% to
89.9%.5-11 Occurrence of stent migration ranged from
none in the Abre (Medtronic, Minneapolis, MN) and
VERNACULAR (BD, Franklin Lakes, NJ) studies to one
migration reported within 12 months in the VIVO Study
(Cook Medical, Bloomington, IN) and two periprocedural
migrations reported in the VIRTUS Pivotal IDE (Boston
Scientific, Marlborough, MA). No cases of stent migration
occurred in VIVID. Except for the VIRTUS Pivotal IDE (10/
281 [3.6%]), stent fractures through 12 months were not
reported in any of the other IDE trials. Although the VIVID
study of the Duo Venous Stent System shows consistent
results with other venous stent trials, the results cannot
be compared directly owing to differences in study
design, baseline patient and lesion characteristics, and
end point definitions. European studies have also evalu-
ated the safety and efficacy of various venous stents for
the treatment of iliofemoral obstructive disease in cohort



Fig 3. (A) Primary patency. (B) Primary patency by venous disease state classification.
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studies, but the studies were of a smaller size and
differing methodology relative to the aforementioned
IDE studies.12,13

VIVID enrolled patients during the COVID-19 pandemic
(November 2021 to December 2022). COVID-19 has been
associated with excessive hypercoagulability and had
the potential to negatively affect MAE occurrence and
decrease patency outcomes. The performance goals for
both the primary safety and primary effectiveness end
points were established based on research before the
COVID-19 pandemic. As such, the protocol was modified
in January 2021 to evaluate the primary safety and effec-
tiveness hypotheses in populations that remained nega-
tive for severe acute respiratory syndrome coronavirus 2
through 12 months (n ¼ 135) and all ITT patients (n ¼
162). Importantly, there were no differences in the pri-
mary safety and effectiveness outcomes between the
two cohorts.
The VIVID trial included the first use of a combination-

type stenting system (Duo Hybrid and Duo Extend) that



Table IV. Secondary and observational end points

Secondary and observational
end points

Total
(n ¼ 162)

Nonthombotic
(n ¼ 104)

PTS
(n ¼ 42)

Acute thrombotic
(n ¼ 16)

Secondary end points at 12 months

Primary-assisted patency 94.7 (124/131) 98.8 (81/82) 88.2 (30/34) 86.7 (13/15)

Secondary patency 95.4 (125/131) 98.8 (81/82) 91.2 (31/34) 86.7 (13/15)

Observational end points at 12 Months

Device success (per stent) 98.6 (216/219) 97.6 (124/127) 100 (71/71) 100 (21/21)

Device success (per patient) 98.1 (159/162) 97.1 (101/104) 100 (42/42) 100 (16/16)

Lesion success 100 (162/162) 100 (104/104) 100 (42/42) 100 (16/16)

Procedural success 100 (162/162) 100 (104/104) 100 (42/42) 100 (16/16)

Stent fracture 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

Stent migration 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

Stent embolization 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)

KM freedom from MAEs 95.5 97.0 89.9 100

KM freedom from CD-TLR 96.2 98.0 89.9 100

KM freedom from CD-TVR 95.6 97.1 89.9 100

CD-TLR, Clinically driven target lesion revascularization; CD-TVR, clinically driven target vessel revascularization; KM, Kaplan-Meier; MAEs, major
adverse events; PTS, post-thrombotic syndrome.
Values are percent (n/N) or percent.
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was developed specifically to address the anatomical chal-
lenges and mechanical demands of the iliofemoral
venous segment. Current dedicated venous stent systems
and their relevant IDE clinical trials included a single stent
design that could be overlapped if necessary to cover a
lesion, thus replicating mechanical properties throughout
the length of the stented segment. The most cranial
aspect of the Duo Hybrid Stent was placed most
frequently in the common iliac vein, ensuring the high
crush resistance segment was placed in instances of
compression. The Duo Extend was used in 30.9% of cases
where it was placed more caudally, with the goal of
providing flexibility in diseased areas subject tomotion. In-
vestigators were provided instructions to overlap the two
stents by 1 to 2 cm. Overlap location was at the discretion
of the operating physician. The VIVID trial was also distinct
as it was the first venous stent IDE study to have a floating
performance goal based on the proportion of patients that
enrolled into three venous disease states (ie, NT, PTS, and
aDVT). Previous IDE studies determined the performance
goal from projected distribution of patients derived from
the literature as opposed to actual enrollment. These dis-
ease state classifications were predefined in the protocol
and assigned by the investigator at the time of the proced-
ure. The etiologies of these diseases are distinct from one
another, and the prospective enrollment allows the oppor-
tunity to learn more about the outcomes in a core
laboratory-adjudicated study as well determine a more
specific performance goal. Furthermore, VIVID was the
only venous stent study to require the use of IVUS to deter-
mine the size of the implanted stent(s). The rationale for
this requirement was based on data demonstrating that
venography underestimates the reference vein size rela-
tive to IVUS.14 Importantly, an undersized stent can lead
to stent embolization or migration or impact patency;
stent oversizing can result in significant low back pain
and, in some cases, lead to stent explantation.15

Limitations. The VIVID study is limited by its single-arm,
nonrandomized design. The design of this study was
focused on the safety and efficacy of stent placement in
nonmalignant iliofemoral venous disease, and it was not
powered to assess the primary end points in each of the
venous disease states. The sample size for the aDVT group
was lower than anticipated and most patients presented
with NT lesions, which are characteristically more focal in
nature. To address this limitation, the protocol was
designed prospectively with an overall performance goal
calculated from disease-state specific performance goals
that were weighted based on the proportion of actual
enrollment. Finally, the outcomes reported herein are
limited to 12 months. Follow-up is planned through
36 months.
CONCLUSIONS
The Duo Venous Stent System is safe and effective for the

treatment of nonmalignant iliofemoral venous disease. Pa-
tients experienced meaningful clinical and QoL improve-
ments across all disease states. Continued follow-up will
be important in assessing long-term outcomes.

The authors thank all the VIVID Investigators. The au-
thors want to acknowledge Trisha Tarra, PhD (Philips)
for editing and reviewing the manuscript. The authors



A VCSS-Pain 

VCSS, Venous Clinical Severity Score (Range 0-3). 

0

0.5

1

1.5

2

2.5

0 Month 6 Months 12 Months

VCSS-Pain

ITT

NT

PTS

aDVT

B VEINES-Sym 

0

10

20

30

40

50

60

70

80

90

100

0 Month 6 Months 12 Months

VEINES-Sym

ITT

NT

PTS

aDVT

C VEINES-QoL 

0

10

20

30

40

50

60

70

80

90

100

0 Month 6 Months 12 Months

VEINES-QoL

ITT

NT

PTS

aDVT

D EQ-VAS 

EQ-VAS, European Quality of Life-Visual Analog Scale. 

0

10

20

30

40

50

60

70

80

90

100

0 Month 6 Months 12 Months

EQ-VAS

ITT

NT

PTS

aDVT

E Villalta 

Range 0-33 

0

2

4

6

8

10

12

0 Month 6 Months 12 Months

Villalta

ITT

NT

PTS

aDVT

Fig 4. Quality of life (QoL) and functional assessments. (A) Venous Clinical Severity Score (VCSS). (B) VEINES-Sym.
(C) VEINES-QoL. (D) EQ-VAS. (E) Villalta. aDVT, acute deep vein thrombotic; ITT, intention to treat; NT, non-
thrombotic; PTS, post-thrombotic syndrome.

10 Razavi et al Journal of Vascular Surgery: Venous and Lymphatic Disorders
March 2025
thank Drs Stephen Black and Erin Murphy for input into
study protocol development.
VIVID Trial Investigators: Steven Abromowitz, Muham-

mad Akram Khan, Amit Amin, Edward Androas, Michael
Ayad, Mohsen Bannazadeh, Robert Beasley, Rabith
Chaer, Kristopher Charlton-Ouw, Steve Elias, Brian Ferris,
Antonios Gasparis, Kathleen Gibson, Edward Gifford,
Ashish Gupta, Christopher Huff, Michael Jolly, Elias Kas-
sab, Srikanth Kasula, Bhavraj Khalsa, Ashok Kumar Kon-
dur, Zbigniew Krasinski, William Kuo, Erin Murphy,
Krisha Nagendran, Grzegorz Oszkinis, Parag J. Patel,
Charles Ross, John Rundback, Christopher Shackles,
Mitch Silver, Edvard Skripochnik, Windsor Ting, Kalyan
Veerina, Jason Yoho.



Journal of Vascular Surgery: Venous and Lymphatic Disorders Razavi et al 11

Volume 13, Number 2
AUTHOR CONTRIBUTIONS
Conception and design: MR, ML, KD, DD, PS, NS, AL, PG
Analysis and interpretation: MR, ML, KD, DD, PS, NS, AL,

PG, AN, RK, MG
Data collection: MR, KD, DD, PS, NS, AL, PG
Writing the article: MR, ML, AN
Critical revision of the article: MR, ML, KD, DD, PS, NS, AL,

PG, AN, RK, MG
Final approval of the article: MR, ML, KD, DD, PS, NS, AL,

PG, AN, RK, MG
Statistical analysis: AN, RK
Obtained funding: Not applicable
Overall responsibility: MR

FUNDING
Vesper Medical provided institutional support for sites
enrolling in the VIVID Study.

DISCLOSURES
M.R. is a consultant to Abbott, Boston Scientific, Med-
tronic, Philips, and Terumo. K.D. is a speaker/consultant
for Boston Scientific, Cook Medical, Philips, Becton Dick-
inson, Penumbra, and Medtronic and a consultant for W.
L. Gore & Associates, Cordis, Abbott, Asahi Intecc, Veryan,
and Shockwave Medical. P.G. is a consultant for Cook,
Philips, Medtronic, BD, and Boston Scientific. A.N. is an
employee of Technomics Research. R.K. is an employee
of Syntropic. M.G. is a consultant for Vesper Medical.

REFERENCES
1. Lurie F, Passman M, Meisner M, et al. The 2020 update of the CEAP

classification system and reporting standards. J Vasc Surg Venous
Lymphat Disord. 2020;8:342e352.

2. Mahnken AH, Thomson K, de Haan M, O’Sullivan GJ. CIRSE standards
of practice guidelines on iliocaval stenting. Cardiovasc Intervent
Radiol. 2014;37:889e897.

3. American College of Phlebology. Management of obstruction of the
Femoroiliocaval venous system. Accessed November 1, 2023. http://
www.phlebology.org/wp-content/uploads/2015/10/Management-of-
Obstruction-of-the-Femoroiliocaval-Venous-System-Guidelines.pdf.

4. Razavi MK, Jaff MR, Miller LE. Safety and effectiveness of stent
placement for iliofemoral venous outflow obstruction: systematic
review and meta-analysis. Circ Cardiovasc Interv. 2015;10:e002772.
5. Hofmann LR, Gagne P, Brown JA, Saunders A, Comerota A, VIVO
Study Investigators. Twelve-month end point results from the eval-
uation of the Zilver Vena venous stent in the treatment of symp-
tomatic iliofemoral venous outflow obstruction (VIVO clinical study).
J Vasc Surg Venous Lymphat Disord. 2023;11:532e541.e4.

6. Razavi MK, Gagne P, Black S, et al, VIRTUS Investigators. Midterm and
long-term outcomes following dedicated endovenous nitinol stent
placement for symptomatic iliofemoral venous obstruction: three- to
5-Year results of the VIRTUS study. J Vasc Interv Radiol. 2022;33:
1485e1491.e1.

7. Dake MD, O’Sullivan G, Shammas NW, Lichtenberg M, Mwipatayi BP,
Settlage RA, VERNACULAR trial investigators. Three-year results from
the Venovo venous stent study for the treatment of iliac and femoral
vein obstruction. Cardiovasc Intervent Radiol. 2021;44:1918e1929.

8. Murphy E, Gibson K, Sapoval M, et al. Pivotal study evaluating the
safety and effectiveness of the abre venous self-expanding stent
system in patients with symptomatic iliofemoral venous outflow
obstruction. Circ Cardiovasc Interv. 2022;2:e10960.

9. Dake M, O’Sullivan G. A prospective, multicenter evaluation of the
Venovo self-expanding vascular stent used to treat obstructive le-
sions of the iliac and femoral veins: 12-month results from the
VERNACULAR trial. J Vasc and Interv Radiol. 2019;30:3.

10. Razavi MK, Black S, Gagne P, et al. Pivotal study of endovenous stent
placement for symptomatic iliofemoral venous obstruction. Circ
Cardiovasc Interv. 2019;12:e008268.

11. Comerota A, Hofmann L, McCann-Brown J. The VIVO clinical study
evaluating the Zilver vena venous stent in the treatment of symp-
tomatic iliofemoral venous outflow obstruction: three-Year subgroup
outcomes. J Vasc Surg Venous Lymphat Disord. 2022;10:P549.

12. Lichtenberg M, Breuckmann F, Stahlhoff WF, Neglén P, Rick de G.
Placement of closed-cell designed venous stents in a mixed cohort
of patients with chronic venous outflow obstructions - short-term
safety, patency, and clinical outcomes. Vasa. 2018;47:475e481.

13. Lichtenberg M, de Graaf R, Stahlhoff WF, Özkapi A, Simon M,
Breuckmann F. Patency rates, safety and clinical results of the sinus-
Obliquus venous stent in the treatment of chronic ilio-femoral
venous outflow obstruction - data from the Arnsberg venous regis-
try. Vasa. 2019;48:270e275.

14. 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;5:678e687.

15. Sayed MH, SalemM, Desai KR, O’Sullivan GJ, Black SA. A review of the
incidence, outcome, and management of venous stent migration.
J Vasc Surg Venous Lymphat Disord. 2022;10:482e490.
Submitted Jun 12, 2024; accepted Oct 6, 2024.

Additional material for this article may be found online
at www.jvsvenous.org.

http://refhub.elsevier.com/S2213-333X(24)00415-3/sref1
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref1
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref1
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref2
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref2
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref2
http://www.phlebology.org/wp-content/uploads/2015/10/Management-of-Obstruction-of-the-Femoroiliocaval-Venous-System-Guidelines.pdf
http://www.phlebology.org/wp-content/uploads/2015/10/Management-of-Obstruction-of-the-Femoroiliocaval-Venous-System-Guidelines.pdf
http://www.phlebology.org/wp-content/uploads/2015/10/Management-of-Obstruction-of-the-Femoroiliocaval-Venous-System-Guidelines.pdf
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref4
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref4
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref4
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref5
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref5
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref5
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref5
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref5
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref6
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref6
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref6
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref6
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref6
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref7
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref7
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref7
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref7
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref8
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref8
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref8
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref8
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref9
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref9
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref9
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref9
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref10
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref10
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref10
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref11
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref11
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref11
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref11
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref12
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref12
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref12
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref12
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref13
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref13
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref13
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref13
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref13
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref14
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref14
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref14
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref15
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref15
http://refhub.elsevier.com/S2213-333X(24)00415-3/sref15
http://www.jvsvenous.org

	The VIVID trial 12-month outcomes of the venous stent for the iliofemoral vein using the Duo venous stent system
	Methods
	Study design
	Stent design
	Patient enrollment and eligibility
	Procedure and follow-up
	End points
	Statistical analyses

	Results
	Enrollment and patient follow-up
	Baseline demographic, clinical, and procedural characteristics
	Primary end points
	Secondary end points
	Observational end points

	Discussion
	Limitations

	Conclusions
	Author Contributions
	Funding
	Disclosures
	References


