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SPECIAL REPORT

Delphi Consensus on Reporting Standards in 
Clinical Studies for Endovascular Treatment of 
Acute Iliofemoral Venous Thrombosis and Chronic 
Iliofemoral Venous Obstruction
Suresh Vedantham , MD*; Peter Gloviczki, MD*; Teresa L. Carman, MD; Sandra Zelman Lewis , PhD; Peter A. Schneider, MD; 
Saher S. Sabri, MD; Raghu Kolluri , MD

ABSTRACT: Acute iliofemoral deep vein thrombosis and chronic iliofemoral venous obstruction cause substantial patient harm 
and are increasingly managed with endovascular venous interventions, including percutaneous mechanical thrombectomy 
and stent placement. However, studies of these treatment elements have not been designed and reported with sufficient 
rigor to support confident conclusions about their clinical utility. In this project, the Trustworthy consensus-based statement 
approach was utilized to develop, via a structured process, consensus-based statements to guide future investigators of 
venous interventions. Thirty statements were drafted to encompass major topics relevant to venous study description and 
design, safety outcome assessment, efficacy outcome assessment, and topics specific to evaluating percutaneous venous 
thrombectomy and stent placement. Using modified Delphi techniques for consensus achievement, a panel of physician 
experts in vascular disease voted on the statements and succeeded in reaching the predefined threshold of >80% consensus 
(agreement or strong agreement) on all 30 statements. It is hoped that the guidance from these statements will improve 
standardization, objectivity, and patient-centered relevance in the reporting of clinical outcomes of endovascular interventions 
for acute iliofemoral deep venous thrombosis and chronic iliofemoral venous obstruction in clinical studies and thereby 
enhance venous patient care.
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Acute iliofemoral deep vein thrombosis (DVT) may be 
associated with substantial patient morbidity from 
pulmonary embolism (PE), early limb symptoms, 

recurrent venous thromboembolism (VTE), and the 
postthrombotic syndrome (PTS).1,2 Chronic iliofemoral 
venous obstruction from nonthrombotic iliac vein lesions 
(NIVLs) or previous DVT may cause profound limb 
symptoms that reduce a patient’s ambulatory capacity 
and quality of life (QOL).3,4 Because relief of venous 
obstruction has been hypothesized to decrease mor-
bidity and improve QOL, endovascular therapies have 
been increasingly applied for these conditions. In recent 
years, endovascular therapy has been refined with the 

benefit of data from randomized controlled trials evalu-
ating catheter-directed thrombolysis (CDT) and related 
methods for the management of acute DVT, improve-
ments in antithrombotic drug therapy and venous 
imaging, and the introduction and US Food and Drug 
Administration clearance of new venous therapeutic 
devices.5–8 The use of endovascular mechanical throm-
bectomy (MT) and metallic stent implantation for venous 
disease has dramatically increased; however, clinical 
studies have not been designed with sufficient rigor to 
support confident conclusions regarding the biological 
effects, clinical efficacy, or overall risk-benefit ratio of 
these treatment elements.
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Venous patient care can be enhanced by improving the 
rigor and impact of future studies. As such, the aims of this 
project were to (1) improve standardization, objectivity, and 
patient-centered relevance in reporting outcomes of endo-
vascular interventions for acute iliofemoral DVT and chronic 
iliofemoral venous obstruction; (2) increase the alignment 
of regulatory and reimbursement policies with the actual 
impact of new devices on patient outcomes; and (3) accel-
erate innovation in venous care by enabling clearer insight 
into the true effectiveness of therapeutic interventions. To 
those ends, consensus-based statements were developed 
by physician experts in venous disease to guide the design, 
conduct, and reporting of future studies.

METHODS
In evidence-based guideline development, the Trustworthy 
consensus-based statement approach can yield unbiased, sci-
entifically valid, and trustworthy guidelines through a transpar-
ent process that incorporates available scientific evidence and 
subject matter expert opinion.9–11 This process has been used 
to develop guidelines covering important clinical topics with 
relatively weak scientific evidence.12–16 Few studies have rig-
orously evaluated the utility of different venous study designs 

and outcome assessment methods, precluding meaningful 
quantitative analyses. Therefore, a version of the Trustworthy 
consensus-based statement process was used for this project. 
A professional guideline consultant (S.Z.L.) was contracted to 
advise on current standards and best practices. The consensus 
statement development process was led by 3 cochairs experi-
enced in venous clinical practice, research, and guideline devel-
opment who were free of substantial conflicts of interest (S.V., 
P.G., and T.L.C.). These individuals reviewed the published evi-
dence, drafted the initial statements, provided oversight of revi-
sions, and adjudicated key questions that arose. A list of potential 
panel members experienced in managing venous disease was 
developed by querying the physician database of the Vascular 
and Interventional Advances Foundation. Financial disclosures 
were obtained, and candidates with potential major conflicts of 
interest were removed from the list. The final panel included 5 
vascular medicine specialists, 13 vascular surgeons, 6 interven-
tional radiologists, and 3 cardiologists (Supplemental Material).

An initial list of key articles was identified from published 
guideline documents, and the panel members were invited to 
add additional papers of relevance. A final list of 75 publica-
tions was provided to the panel as reference materials. At a 
subsequent in-person meeting on April 29, 2022, the panel-
ists were oriented to the project’s objectives and the planned 
processes for consensus statement development and voting.

Thirty statements addressing the topics included in this proj-
ect were drafted by the cochairs and subsequently reviewed 
by the guideline consultant and 3 physician members of the 
Vascular and Interventional Advances Foundation Board of 
Directors (P.A.S., S.S.S., and R.K.). The revised versions were 
submitted for full panel review and voting. Using modified 
Delphi techniques for consensus achievement, the panelists 
reviewed each statement and anonymously voted in an online 
survey. The a priori rules called for up to 3 rounds of surveys to 
achieve consensus. Response rates of 85% were required, and 
consensus was defined as 80% of eligible panelists voting for 
agreement or strong agreement. Open fields solicited anony-
mous comments and suggestions from the panelists. The vot-
ing process was managed by the guideline consultant and staff 
from the Vascular and Interventional Advances Foundation.

With 96% of panelists voting (26 of 27), all 30 statements 
achieved panel consensus on the first round, with agreement 
ranging from 81% to 100% (Table 1). All written comments from 
the survey were anonymously shared with the writing group. The 
cochairs had the option to revise any statements for which the 
comments would improve, but not significantly change, the state-
ment’s meaning; however, any substantially revised statements 
were sent again through the modified Delphi survey process. After 
discussion, 5 statements were revised to incorporate the panel’s 
written comments. In a second round of voting, all 5 revised 
statements achieved panel consensus (Table 2). The consensus 
statements are summarized below, with introductory summaries 
that convey the rationale behind the recommendations.

GENERAL STUDY DESCRIPTION AND 
DESIGN
In considering published studies that have evaluated endo-
vascular venous therapies, the panel observed a number of 
common reporting issues that have clouded interpretation 

Nonstandard Abbreviations and Acronyms

ATTRACT	� Acute Venous Thrombosis: Thrombus 
Removal With Adjunctive Catheter-
Directed Thrombolysis

C-TRACT	� Chronic Venous Thrombosis: Relief 
With Adjunctive Catheter-Directed 
Therapy

CAVA	� Catheter-Directed Thrombolysis Versus 
Anticoagulation

CAVENT	 Catheter-Directed Venous Thrombolysis
CDT	 catheter-directed thrombolysis
CEAP	� Clinical-Etiological-Anatomic- 

Pathophysiologic
DVT	 deep vein thrombosis
GUSTO	� Global Use of Strategies to Open 

Occluded Coronary Arteries
IVUS	 intravascular ultrasound
MT	 mechanical thrombectomy
NIVL	 nonthrombotic iliac vein lesion
PE	 pulmonary embolism
PTS	 postthrombotic syndrome
QOL	 quality of life
tPA	 tissue-type plasminogen activator
VCSS	 venous clinical severity scale
VEINES	� Venous Insufficiency Epidemiological 

and Economic Study
VETO	 Venous Thrombosis Outcomes
VTE	 venous thromboembolism
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of study results. The panel recognized that because stud-
ies vary greatly in intent, scope, design, and resourcing, 
each study cannot be expected to fulfill every optimal 
design specification or best practice. However, investiga-
tors must still clearly delineate the methodological design 
that was used, indicate how the study was actually per-
formed, draw scientifically valid inferences, summarize the 
findings in ways that encourage appropriate interpretation 
by clinicians, and be fully forthcoming about limitations 
and alternative interpretations. The panel’s recommenda-
tions in this section are aimed at ensuring that future stud-
ies avoid the reporting issues noted below.

Incomplete Description of Study Populations
For venous clinical practice to be informed by evidence 
from a clinical study, it must be reported in a manner that 

enables clear discernment of what study population was 
evaluated, facilitating comparison with other studies. Key 
elements that may influence treatment responses, com-
plication rates, and the comparability of venous cohorts 
are summarized here.

First, the chronicity of the disease must be reported. 
At present, there is no widely available, inexpensive, and 
reliable blood test or noninvasive imaging method that 
can precisely date thrombus formation or the onset of 
other relevant pathological processes. The composi-
tion of intraluminal material, the inflammatory response 
to thrombosis (which may influence clinical presenta-
tion), the nature of standard therapy, and expectations 
for clinical change evolve substantially over time fol-
lowing the inciting event. Hence, notwithstanding its 
limitations, the duration of time since venous symptom 
onset remains a useful parameter in trial reporting. To 
date, published guidelines and randomized clinical trials 
have considered acute DVT as being associated with 
symptom duration of <14 to 21 days.1,5–7,17 The Soci-
ety of Interventional Radiology Reporting Guidelines 
have considered subacute DVT and chronic DVT as 
being associated with symptom durations of 15 to 30 
days and >30 days, respectively, but the actual use of 
these terms has varied significantly in the published lit-
erature.17 These definitions were largely derived from 
observations about the amenability of thrombus to dis-
solution or removal with fibrinolytic drugs and early 
thrombectomy devices. However, the progress of throm-
bus organization, inflammation, and fibrosis vary among 
patients; many patients have thrombus of mixed age; 
and new devices may be designed to treat a broader 
range of patients. Hence, to ensure clear description 
of study populations, investigators should specify the 
allowed duration of symptoms rather than relying on 
descriptive labels like acute, subacute, and chronic.

Direct visual inspection of material extracted from 
the venous system has also been used to define chro-
nicity but has important limitations: (1) sampling error: 
when thrombus removal is incomplete, residual material 
can differ in composition from explanted material; (2) 
accuracy: categorizations based on gross visual inspec-
tion of explanted material by nonpathologists can be 
questioned; and (3) reporting bias: characterization of 
a population after the outcome of an attempted treat-
ment is known creates strong potential for bias.18 The 
potential for miscategorization may be even greater 
when thrombus of multiple ages is found in a specimen. 
Hence, although such information may provide interest-
ing supplementary insights, it should not be relied upon 
as the primary method of assigning thrombus chronicity 
for most study types.

Second, the anatomic extent of the disease must be 
reported. Patients with proximal DVT are at higher risk for 
PE and PTS than patients with distal DVT; patients with 
iliofemoral DVT (defined by the Society of Interventional 

Table 1.  First-Round Voting on Consensus-Based 
Statements: Modified Delphi Method

State-
ment 

Strongly 
agree Agree Neutral 

Dis-
agree 

Strongly 
disagree 

Agree-
ment, %* 

1 21 5 0 0 0 100

2 21 5 0 0 0 100

3 23 3 0 0 0 100

4 19 7 0 0 0 100

5 23 2 1 0 0 96.15

6 22 4 0 0 0 100

7 21 5 0 0 0 100

8 17 9 0 0 0 100

9 19 5 1 1 0 92.30

10 24 2 0 0 0 100

11 16 10 0 0 0 100

12 20 5 1 0 0 96.15

13 19 6 0 1 0 96.15

14 18 7 1 0 0 96.15

15 20 5 0 1 0 96.15

16 18 5 1 2 0 88.45

17 12 9 2 3 0 80.75

18 16 8 0 2 0 92.30

19 19 6 0 0 1 96.15

20 20 6 0 0 0 100

21 16 7 2 1 0 88.45

22 17 7 1 1 0 92.30

23 16 9 0 1 0 96.15

24 17 8 0 1 0 96.15

25 22 4 0 0 0 100

26 18 6 0 1 1 92.30

27 24 2 0 0 0 92.30

28 14 9 2 1 0 88.45

29 15 9 1 0 1 92.30

30 18 7 0 1 0 96.15

*All items had 26 respondents.
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Radiology and American Heart Association as DVT 
involving the iliac or common femoral vein, with or with-
out involvement of additional veins) are at higher risk for 
PTS, severe PTS, and recurrent VTE than patients with 
femoral-popliteal or distal DVT.2–4,8,19 To avoid mispercep-
tions about how patients were categorized, the source of 
information (eg, specific imaging test) for the anatomical 
extent should be stated. In chronic disease populations, 
the extent of valvular reflux at baseline should also be 
reported.

Third, the clinical manifestations of venous disease at 
baseline should be described. The presence, nature, and 
severity of symptoms and clinical signs are important for 
understanding the population studied and for establish-
ing a baseline for posttreatment comparisons.

Fourth, the study eligibility criteria and population 
description should enable discernment of reasonable 
expectations for common safety outcomes such as 
bleeding and recurrent VTE.

Finally, it is important to describe the specific clinical 
indication for which treatment is being studied. It should 
be clear at what point in the disease course patients are 
being enrolled. Unselected all-comer populations are 
different from populations culled for responders or non-
responders. Precise descriptions are better than ambig-
uous terms; for example, the May-Thurner syndrome has 
been variably used to refer to left common iliac vein ste-
nosis with iliofemoral DVT, iliac vein stenosis alone, or 
chronic iliac vein occlusion with a presumed pathogen-
esis. When venous stenosis is seen, it is often unknown 
whether it was caused by DVT, an intrinsic NIVL, exter-
nal venous compression, or a combination of factors. 
Hence, rather than simply using the term, study reports 
should make clear what is actually known about a past 
history of DVT, external venous compression, or intrinsic 
venous stenosis in the patients.20 Previous treatments 
for venous disease and compliance with therapy should 
also be noted.

Inadequate Information on the Treatment or 
Treatment Strategy Being Investigated
For endovascular venous device studies, there should 
be clarity on what treatment elements were required, 
encouraged, allowed, discouraged, or prohibited dur-
ing the study and the extent to which physician prefer-
ence was accommodated. Endovascular care elements 
and standard therapy cointerventions that may influence 
the assessment of the efficacy or safety of the therapy 
under investigation should be delineated. When a device 
or treatment can be used in multiple ways (eg, thrombec-
tomy device in aspiration mode or pulse-spray mode), the 
intended and allowed methods of use of the treatment 
being evaluated should be clarified. Because device use 
is operator dependent, the approach used to evaluate 
and ensure appropriate qualifications or training of the 
endovascular proceduralists for performance of venous 
interventions generally and use of the study device spe-
cifically should be presented. It should be made clear 
upfront whether the study is evaluating the 1-time use of 
a device, the 1-time use of an overall treatment strategy 
with multiple components (eg, pharmacomechanical CDT 
with adjunctive balloon angioplasty and stent placement), 
or the long-term use of an overall treatment strategy (eg, 
upfront stent placement with allowed repeat endovascu-
lar intervention during follow-up).

Inappropriate Attribution of Findings That May 
Reflect Natural History and Confounders
In the published literature, when a difference in outcome 
was observed before and after the use of an endovas-
cular intervention, authors have often concluded that the 
intervention was responsible for the change. However, 
that inference may not be valid unless a difference from 
a properly chosen control group that did not receive the 
intervention is demonstrated. It is important to recognize 

Table 2.  Second-Round Voting on Consensus-Based Statements: Modified Delphi Method

Statement Nature of change 
Strongly 
agree Agree Neutral Disagree 

Strongly 
disagree 

Agreement, 
%* 

3 Add remark: ensure proportional accrual of women 
and underrepresented populations

22 4 0 0 0 100.00

4 Minor wording change to enhance clarity: clinical 
scenario to disease condition and indication

25 5 0 1 0 96.15

8 Remove wording that could be read as restricting 
safety reporting to only immediate complications

19 7 0 0 0 100

9 Clarify remark: (1) refine guidance on reporting 
suspected periprocedure PE events; (2) encourage 
use of reporting conventions from multiple health 
professional organizations, not just one

18 8 0 0 0 100

25 Add wording to encourage reporting of safety 
events that stem from nature and mechanism of 
specific device

23 3 0 0 0 100

PE indicates pulmonary embolism.
*All items had 26 respondents.
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that the clinical severity of acute DVT and chronic venous 
disease can exhibit improvement over time due to stan-
dard therapy or time-dependent natural healing, even 
without endovascular intervention.

An additional problem concerns the reporting of the 
outcomes of multicomponent endovascular interventions. 
When a change in patient outcomes is observed after 
such an intervention, it should be described as being 
associated with use of the overall treatment strategy, 
not to a particular component of therapy, unless this was 
specifically evaluated. For example, studies that report on 
use of recombinant tPA (tissue-type plasminogen activa-
tor) with other tools (eg, thrombectomy devices and drug 
delivery catheters) should not attribute thrombus reduc-
tion to a specific care component unless such assess-
ment was specifically integrated into the study design. 
Investigators, reviewers, editors, and regulators should 
ensure that studies are designed to discern what treat-
ment elements are effective and that all possibilities for 
what may have accounted for observed change are con-
sidered, with specific reference to any cointerventions.

Consensus-Based Statements 1 to 7
	1.	 Studies of endovascular interventions for acute and 

chronic lower extremity venous conditions should 
be rigorously designed to enable clear discernment 
of the effects of the intervention being evaluated, 
with consideration of the natural history of the con-
dition, cointerventions that may serve as confound-
ing variables, and other potential sources of bias.
Remark: studies should distinguish between dem-
onstrating the effects of (1) a specific device or 
subprocedure versus (2) an overall multimodality 
endovascular treatment or strategy.

	2.	 In studies of endovascular interventions for acute and 
chronic lower extremity venous conditions, protocols 
should clearly describe the methodological design 
and, where feasible, standardize the study popula-
tions, methods of use of the interventions under study 
and any cointerventions, participant follow-up (includ-
ing rules for crossover between treatment arms), out-
come assessments, and other study processes.
Remark: the qualifications of the investigators 
and proceduralists should also be described. For 
prospective studies, the methodological design 
should be specified before study initiation, the 
study should be registered in a public repository 
(eg, www.clinicaltrials.gov), and the protocol should 
be posted in a publicly accessible location.

	3.	 In studies of endovascular interventions for acute 
and chronic lower extremity venous conditions, 
study populations (eligibility criteria) should be 
described using updated venous disease categori-
zation systems that have been endorsed by health 
professional organizations and should include the 

disease/symptom chronicity, anatomical extent 
(including what imaging method was used to char-
acterize thrombus/disease extent, target vessel 
size, and other characteristics), and factors likely to 
influence the risk of bleeding or thrombosis.
Remark: to ensure generalizability of study results, 
efforts should be made to ensure that the study 
population is representative of the population with 
the condition under study. Special consideration 
should be given to ensuring proportional enroll-
ment of women and minorities.

	4.	 Studies of acute and chronic lower extremity 
venous conditions should clearly prespecify all pro-
cedures that will be counted within the definition of 
the endovascular intervention being evaluated and 
should identify the specific disease condition and 
indication for which treatment is being delivered.
Remark: treatment elements that influence par-
ticipant risk or burden should be summarized, 
including but not limited to the type of anesthesia/
sedation, sheath size, or use of fibrinolytic drugs.

	5.	 In studies of endovascular interventions for acute 
and chronic lower extremity venous conditions, 
the use and monitoring of concomitant therapies 
should be described and standardized when fea-
sible, including anticoagulant or antiplatelet ther-
apies (drug, dose, timing of administration, and 
duration of therapy), compression (type, ankle 
pressure), venoactive agents, inferior vena cava fil-
ters, and venous ulcer treatments.
Remark: it should be clear what concomitant thera-
pies were required, encouraged, allowed, discour-
aged, or prohibited and what level of discretion was 
granted to the site physicians.

	6.	 In studies of endovascular interventions for acute 
and chronic lower extremity venous conditions, 
well-defined primary and major secondary out-
comes should be prespecified.
Remark 1: in addition to safety and efficacy, high-
quality evaluation of cost-effectiveness is encour-
aged, with guidance from specialized experts in 
economic analysis.
Remark 2: definitions of recurrences and reinter-
ventions should also be prespecified.

	7.	 For studies of endovascular interventions for acute 
and chronic lower extremity venous conditions, 
study conclusions in presentations, publications, 
regulatory submissions, and other communications 
should be closely aligned with what is supported by 
the study design.

SAFETY OUTCOME ASSESSMENT
Safety reporting is commonly focused on the require-
ments of applicable regulatory bodies.21,22 However, 
studies should also strive to report safety outcomes in 
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a manner that reflects the scientific and clinical conven-
tions for the applicable disease area, ideally with the use 
of society-endorsed standardized definitions and report-
ing guidelines that can enable meaningful comparisons 
across studies. Advance consideration should be given 
to prespecifying, defining, and reporting the full range 
of safety events that may be expected to occur with a 
particular intervention. When no events occurred, this 
fact should be explicitly stated in reporting results. Given 
the variability in devices and treatments, the duration of 
follow-up may vary; in general, longer follow-up should 
be considered for devices that are intended for long-term 
implantation.

Any venous interventional procedure may be com-
plicated by the development of thrombosis or bleeding. 
Symptomatic thrombosis can manifest as DVT, PE, both, 
or neither. DVT can be limited to a treated vein segment 
or can extend to involve additional segments and can lead 
to PE, PTS, or neither; PE can lead to right heart strain, 
hemodynamic compromise, death, or none of these conse-
quences. Blood loss can be overt or occult and can result 
from device-related aspiration, device-related hemoly-
sis, venous access site hemorrhage, vascular perforation 
or rupture, or development of a distant site of bleeding; 
concomitant anticoagulant and fibrinolytic drugs can con-
tribute to the onset and severity of these events. Some 
bleeding events require blood transfusion or surgical or 
endovascular therapy to address. In reporting events, such 
details should be provided to enable their overall clini-
cal impact to be discerned. To enable standardization of 
event reporting, guidelines have been developed by the 
International Society of Thrombosis and Haemostasis, 
the GUSTO (Global Use of Strategies to Open Occluded 
Coronary Arteries) investigators, and the Society of Inter-
ventional Radiology, among other bodies.23–25 The Inter-
national Society of Thrombosis and Haemostasis scheme 
may be particularly applicable to VTE populations.

Safety events can be related to a specific device 
(eg, fracture of a stent), an overall endovascular treat-
ment (eg, thrombosis of a venous segment treated with 
pharmacomechanical CDT followed by stent placement), 
associated treatments that were mandated by the pro-
tocol (eg, gastrointestinal bleed in a patient who was 
placed on antiplatelet therapy after stent placement), 
standard care (eg, subdural hematoma in a patient 
receiving anticoagulation for preexisting DVT), or none 
of these. Therefore, in reporting treatment-related 
events, investigators should provide the specific defini-
tion of relatedness that was used.

Consensus-Based Statements 8 and 9
	8.	 In evaluating endovascular devices/interventions 

for acute and chronic lower extremity venous con-
ditions, demonstration of safety should include evi-
dence of (1) successful device use/deployment/

removal and index procedure completion without 
complications; (2) freedom from bleeding, thrombo-
sis, vascular injury, death, or unplanned escalation of 
care (eg, transfer to intensive care unit or conversion 
to open surgery); (3) freedom from biological com-
patibility issues; and (4) freedom from late issues 
with device-related mechanical integrity (eg, frac-
ture, migration, and embolization) or vascular injury.

	9.	 In studies of endovascular interventions for acute 
and chronic venous lower extremity conditions, 
suspected bleeding, suspected VTE (including DVT 
and PE), and effects on renal function should be 
routinely assessed and reported in a standardized 
way. Bleeding, VTE, device integrity, and deaths 
should be reported for the duration of the study.
Remark: Bleeding should be categorized by clini-
cal severity (major or minor; involving a critical 
site; resulting in blood transfusion, embolization, 
or surgery). DVT events should be categorized by 
whether they represent thrombosis of a previously 
treated venous segment (device bearing or not), 
extension into new venous segments, or develop-
ment in distant venous segments. PE events should 
be categorized by whether they are symptomatic 
or fatal and whether they are associated with right 
heart strain or acute clinical deterioration. Oxygen 
desaturation during or immediately after endovas-
cular procedures should be reported and, in the 
appropriate clinical context, assessed as possible 
PE. The use of medications that influence throm-
bosis or hemostasis at the onset of safety events 
should be described. Events should be categorized 
by whether they are procedure or device related. 
To enable consistency and comparability across 
studies, use of standardized definitions of bleeding 
and recurrent VTE recommended by health profes-
sional organizations is suggested.

EFFICACY OUTCOME ASSESSMENT
A number of important challenges exist in achieving valid, 
objective, and clinically meaningful evaluations of efficacy 
for novel venous interventional tools and procedures. A 
central reality is that there does not exist any gold standard 
outcome measure that adequately captures the phenotypic 
diversity and clinical severity of venous disease with appro-
priate biological correlates. The relationships of inflamma-
tion, thrombophilia, and patterns of venous obstruction and 
valvular reflux to venous physiology, clinical phenotypes, 
and disease severity progression are complex.26–30

Assessment of Symptoms and Clinical Signs
Limb swelling can be assessed subjectively by patients 
and objectively by direct measurement of limb circumfer-
ences by study personnel.6,31 Estimates of limb volume 
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can be derived from measurements of limb length and 
circumference.32 Limb pain can be reported by the patient 
or an assessor with information from the patient, using 
validated pain scales such as the visual analog scale, 
Likert scale, and others.33–37 These are useful metrics, 
but there can be significant overlaps between venous 
disease–attributable symptoms and those of other con-
ditions such as cardiovascular diseases, lymphedema, 
skin disorders, and neurological and musculoskeletal 
diseases.

As a result, venous outcome assessment has evolved 
to rely largely on clinical scales that meld multiple symp-
toms and clinical signs of venous disease. Two measures 
that are commonly used in clinical studies, the Villalta 
scale and the venous clinical severity scale (VCSS), have 
been validated through studies showing correlations with 
other indicators of venous disease and venous disease 
severity and encompass a broad range of venous pre-
sentations.38–40 These 2 measures have different per-
formance characteristics that render each well suited 
to serve specific types of clinical studies.41–43 The Vil-
lalta scale severity categories have been correlated with 
graded increases in ambulatory venous pressures.44 Both 
the Villalta scale and the VCSS have been correlated 
with health-related QOL; the Villalta scale has exhibited 
stronger correlations with QOL, presumably because 5 
of its 11 items query symptoms.45,46 The VCSS has more 
items focused on skin manifestations and may, therefore, 
be more suitable to track disease severity at the more 
severe end of the chronic venous disease spectrum.47 
However, both measures have drawbacks. They require 
in-person application by trained personnel, which impacts 
study feasibility and limits outcome assessments to just 
a few time points during follow-up. Like any measure 
that includes symptoms, they are susceptible to report-
ing bias, particularly in open-label studies (the VCSS may 
be less susceptible since it includes only 1 symptom). 
Correlations between these measures and anatomic and 
physiological assessments have tended to be of variable 
(often low to moderate) strength.47–49

In study populations, scores on some venous scales 
(including Villalta and VCSS) can be summarized as con-
tinuous variables or using binary or categorical cut points 
that correspond to escalating levels of disease severity. 
Because chronic venous disease occurs on a spectrum, 
the use of these measures as continuous outcomes may 
better reflect the disease burden in a study population 
and will often carry more statistical power to identify 
smaller differences between treatment groups. On the 
other hand, the demonstration of small differences on a 
continuous scale, even if statistically significant, may not 
impact clinical practice. The minimal clinically important 
difference has been retroactively estimated from clinical 
study data for some scales; however, minimal clinically 
important difference is a within-patient parameter, so 
even a highly effective intervention may not be expected 

to produce a mean change corresponding to the mini-
mal clinically important difference across an entire study 
population.3,41,42,45 Hence, investigators should consider 
the specific study question, the anticipated prerequisites 
for changing clinical practice, and clinician tolerances for 
procedural risk in determining how to summarize and 
compare treatment outcomes.

Precautions Against Bias
The ability to accurately assess endovascular tools using 
clinical scales is contingent upon their use with rigor-
ous precautions against bias (Table 3). When scoring of 
symptoms or QOL is patient reported, there is potential 
for reporting bias when patients know their treatment 
arm allocation. This may often be unavoidable, but at a 
minimum, patients should complete the measures unas-
sisted and ideally without clinical or study personnel 
presence. For clinician-assessed parameters, bias may 
be most likely when assessment is performed by the 
endovascular operators but can occur with any assessor 
who is not blinded to treatment arm allocation. Hence, 
explicit precautions against bias (including blinding of 
clinicians, assessors, and adjudicators) should be taken 
and documented in the study protocol and in reports of 
the study results. This includes robust efforts to maxi-
mize the completeness of follow-up in patients in all 
study arms.

Endovascular venous interventions pose additional 
challenges to study in well-designed randomized con-
trolled trials. The modest population frequency of some 
venous thrombotic conditions, the diffusion of venous 
patient care among diverse providers, the limitations of 
venous imaging, and the invasive nature of endovascular 
interventions combine to limit even the largest trials to 
no more than a few hundred patients. As such, achieving 
statistically precise treatment effect estimates is difficult, 
especially for secondary and subgroup outcomes. A dou-
ble-blind design is usually not feasible since sham pro-
cedures are complex, risky, variably effective at achieving 
blinding, and have the potential to bias treatment arm 
comparisons by reducing the effectiveness of standard 
therapy in control arm cohorts (ie, by causing bleeding 
or thrombosis). Clinicians can harbor individual biases 
about specific treatments, so enrollment of a represen-
tative population often necessitates focused training on 
how to present the study to participants in a balanced 
way. The wide availability and insurance coverage for 
many devices reduces the impetus and ability to enroll 
patients in clinical trials.50 Standardization of cointerven-
tions that can confound interpretation of results can be 
difficult given local variances in clinical practice, insur-
ance coverage, and other health system realities.

Because a primary reason to treat venous disease is 
to reduce symptoms, assessments of clinical status will 
inevitably involve a subjective dimension. To maximize 
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confidence in an intervention’s effects, investigators 
should configure studies to also document objective 
changes in anatomical or physiological venous param-
eters. This task also poses a number of challenges.

Venous Anatomic and Physiological 
Assessments
First, all available iliac vein imaging modalities have 
limitations.51–53 For this reason, it is valuable for clinical 
studies to utilize ≥1 imaging core laboratories that can 
ensure the qualifications of study site imaging facilities 
and personnel, develop protocols for standardized imag-
ing assessments and data submission, deliver feedback 
to site personnel to ensure imaging quality control, and 
provide standardized interpretation and adjudication of 
imaging results. With Duplex ultrasound, the vein can be 
difficult to image in its entirety due to overlying bowel gas 
and other artifacts. With computed tomography venogra-
phy and magnetic resonance venography, imaging must 
be timed to the arrival of the contrast bolus in the target 
vein, which can be challenging due to variation in body 
habitus, cardiac output, the degree of venous obstruc-
tion, and other factors. In patients who have had metallic 

Table 3.  Strategies to Minimize Bias in Studies of 
Endovascular Therapy for Venous Disease

Strategy Comment 

Reduce bias in patient 
selection

 

 � Clearly define study 
eligibility criteria

Offer participation to all eligible patients, 
with rare exceptions

 � Select appropriate control 
group

Concurrent prospective controls are favored 
for pivotal studies

 � Randomize participants to 
treatment groups

Best method to avoid patient selection 
bias—addresses known and unknown con-
founders

 � Stratify randomization 
when appropriate

Balance cohorts for factors known to be 
strongly correlated with primary outcome

Reduce bias from unequal 
treatment or follow-up

 

 � Harmonize antithrombotic 
therapy

Except where augmented therapy is an 
essential element of the endovascular 
strategy

 � Minimize use of inferior 
vena cava filters

Can bias assessment of effects on PE-
related outcomes, not needed in most VTE 
patients

 � Delineate allowed use of 
late interventions

Prespecify if test article is a 1-time 
procedure, minimize crossover between 
arms

 � Equivalent follow-up in all 
study arms

Reduce bias from disparate care/monitoring 
among different treatment arms

 � Standardized electronic 
alerts

Can help to ensure balanced and complete 
follow-up in all treatment arms

Reduce bias in outcome 
assessment

 

 � Mask participants: 
consider sham procedure

Effective in reducing bias but need 
to ensure it is ethical and does not 
substantially impact efficacy or safety 
of standard treatment. Complexity can 
undermine effectiveness

 � Avoid biasing patient-
reported assessments

Patient-reported outcomes completed 
without coercion or study team assistance

 Complete questionnaires before interaction 
with clinicians or other study personnel

 Use of validated questionnaire in the 
patient’s native language will reduce need 
for help

 � Conceal allocation 
from physicians and 
investigators

Prevents imbalances in patient care/
monitoring or event reporting that can bias 
the study

 � Conceal allocation from 
study personnel

Prevents imbalances in patient care/
monitoring or event reporting that can bias 
the study

 � Blind investigators to 
interim study outcomes

Avoids temptation to adjust patient care/
monitoring or protocol in ways that bias 
the study

 � Blind clinical outcome 
assessors to treatment 
arm

Reduces assessment bias—applies to 
clinical scales, performance of imaging 
studies (eg, technologists), interpretation 
of imaging studies (utilize core laboratory 
when possible)

 Before each visit, instruct patient not to 
disclose treatment arm to health personnel

 Assess both legs and keep clinical assessor 
unaware as to which leg is the index leg

(Continued )

Strategy Comment 

 Examiner of leg should not ask patient 
about symptoms before/during the assess-
ment

 Blind imaging assessors as to whether an 
imaging study is pre- or post-treatment

 � Blind outcome 
adjudicators to treatment 
arm

Applies to Safety Officer, Clinical Events 
Committee, and Outcome Adjudication 
Committee

 � Independent out-
come assessors and 
adjudicators

Outcomes evaluated by qualified people 
who were uninvolved in the delivery of care

 � Standardize conditions for 
limb assessment

To the extent possible, assessment of 
venous disease is best performed late in the 
day after a period of time when the patient 
has not been using compression therapy

Reduce bias in data analysis 
and reporting

 

 � Limit postrandomization 
exclusions

Avoids excluding patients based on factors 
that could systematically relate to treatment

 � Intention-to-treat principle 
for primary analysis

Avoids excluding patients based on factors 
that could systematically relate to treatment

 � Follow prespecified SAP SAP should be finalized as early as possible 
and certainly before database lock

 � Prespecified plan for 
addressing missing data

Imputation and other strategies are delin-
eated in SAP before database lock

 � Reporting should follow 
SAP outcome hierarchy

Adhere to originally prespecified plan for 
outcome reporting

 Decide what to report before viewing actual 
study outcomes

PE indicates pulmonary embolism; SAP, statistical analysis plan; and VTE, 
venous thromboembolism.

Table 3.  Continued
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devices implanted, magnetic resonance imaging artifacts 
can preclude evaluation of venous structures. Multipla-
nar venography with intravascular ultrasound (IVUS) 
was superior to multiplanar venography alone in assess-
ing iliac vein disease in 1 prospective study and is likely 
the most accurate currently available iliac vein imaging 
strategy.54,55 Although venography/IVUS requires inva-
sive catheter access into the venous system, its judicious 
use in clinical studies can be justified by the paramount 
importance to patients of obtaining accurate anatomic 
assessments of new endovascular tools. However, the 
need to avoid undue participant burden will usually pre-
clude its repeated use during follow-up. Although the 
Marder score is a useful venographic thrombus scoring 
scale, it does not measure venous flow or characterize the 
degree of venous obstruction.56 At present, there does 
not exist a well-validated IVUS-based volumetric venous 
thrombus scoring system. IVUS may also overestimate 
venous stenosis due to patient volume status and posi-
tioning.57 Accordingly, quality venous assessment using 
venography and IVUS will benefit from active guidance 
from investigators to standardize the technique used.

Second, Duplex ultrasound is well suited to visualize 
thrombus in the common femoral, femoral, and popliteal 
veins. However, this modality is operator dependent, and 
reproducibility of assessments is a concern, especially 
given the length of the femoral vein and the varying dis-
tributions of thrombus and venous flow obstruction that 
may exist. In general, adherence to the technical stan-
dards for the performance and interpretation of venous 
Duplex ultrasound that were created by the International 
Accreditation Coalition and the American College of 
Radiology is likely to support consistent exam quality.58 
A proactive plan for the core laboratory to review studies 
as they are submitted and retrain site technical staff as 
needed will also be helpful for many studies. The pub-
lished literature currently suffers from a lack of stan-
dardization in venous ultrasound outcome reporting. For 
example, some studies have evaluated whether veins are 
completely compressible (free of thrombus) while others 
have evaluated for the presence of Doppler flow (which 
can exist even with substantial residual thrombus).59,60 
While both parameters may be relevant, this variance 
precludes easy comparison of the results of different 
studies. In early VTE treatment studies, the development 
of thrombus involving >10 cm vein length or a change 
in residual vein diameter ≥4 mm during anteroposte-
rior transducer compression correlated with symptom-
atic recurrent DVT events.61–65 In other studies, clinical 
patency constructs have been used in which patency 
was assumed if the patient did not present with recurrent 
symptoms. The panel strongly discourages assignment 
of patency to any vein that was not evaluated by imag-
ing. Adjudication of imaging studies by blinded core labo-
ratory personnel will help to minimize bias in outcome 
assessment.

Third, a central challenge is the absence of any well-val-
idated, widely available venous physiological test. Although 
Duplex ultrasound is effective in evaluating the presence 
and duration of venous valvular reflux in individual veins, 
its ability to provide overall hemodynamic assessment of 
the limb is limited. Direct intravenous pressure measure-
ments are rarely helpful because catheterized patients are 
generally supine, a position in which the hemodynamic 
and clinical alterations of venous disease are minimized. 
Although a resting supine mean venous pressure gradient 
of 4 mm is usually associated with clinically meaningful 
hemodynamic impairment, such patients almost always 
have clear venographic features of obstruction such as 
tight stenosis and robust filling of collateral veins.34,66–69 
Pressure measurements are insensitive; many patients 
with symptomatic venous disease exhibit mean pressure 
gradients below 4 mm Hg. Plethysmography has histori-
cally been used to provide detailed physiological venous 
assessments, but few vascular laboratories now routinely 
conduct these studies.70–75 Development and validation of 
new tools that are easy to use and that enable accurate 
and reliable measurement of venous obstruction and over-
all venous function should be prioritized.

Remote Assessment
Finally, a key limitation is the lack of well-validated venous 
outcome measures that can be assessed remotely. A 
new patient-reported Villalta measure enables venous 
outcome assessment using the same 11 items as the 
original Villalta scale but with patient self-assessment of 
clinical signs.76 Early validation studies show good cor-
relations for patient-reported Villalta and Villalta scores 
when patients are provided a visual aid to support self-
assessment.77,78 Many QOL self-assessment measures 
can be completed remotely. However, in contemporary 
research on behavioral and neurological conditions, 
mobile technology–supported ecological momentary 
assessments are routinely used to enable more frequent 
and more convenient data capture from study partici-
pants.79 Venous disease symptoms fluctuate, so the reli-
ance of pivotal clinical trials on just a few assessment time 
points creates a substantial potential for measurement 
imprecision and recall bias. Were ecological momentary 
assessment tools and strategies to be created and vali-
dated for venous outcome assessment, they might more 
fully capture the impact of venous disease upon patients’ 
daily lives over time and reduce the needed sample size 
of many studies by permitting more frequent and more 
convenient assessments of study enrollees.

Consensus-Based Statements 10 to 17
10.	 Studies of endovascular interventions for acute 

and chronic lower extremity venous conditions 
should assess clinical efficacy by documenting 
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treatment-associated change in clinical out-
comes including (1) patient-centered sequelae of 
venous disease (using validated questionnaires 
or scales that document symptoms, ambulatory/
functional capacity, or QOL) or (2) objective clini-
cal signs of progressive venous disease (includ-
ing but not limited to venous ulcers).
Remark: the strongest case for clinical efficacy 
would include evidence of treatment effect upon 
both patient-centered sequelae and objective 
clinical signs of venous disease, with supportive 
evidence that plausibly links improvement in ana-
tomic and physiological outcomes to the inter-
vention and the clinical outcome improvement 
observed.

11.	 For acute and chronic lower extremity venous con-
ditions, to attribute clinical benefit to an endovas-
cular device/intervention, improvement in at least 
1 clinical outcome including (1) patient-centered 
sequelae of venous disease (symptoms, ambu-
latory/functional capacity, or QOL) or (2) objec-
tive clinical signs of progressive venous disease 
(including but not limited to venous ulcers) should 
exceed that observed in nonintervened controls, 
with freedom from confounding and bias.
Remark: statement reflects evidence from pro-
spective studies that in nonintervened patient pop-
ulations, substantial clinical improvement is seen 
during the first year after DVT and that even in 
the chronic phase, clinical severity fluctuates over 
time in many patients. Hence, the clinical efficacy 
of a device/intervention cannot be readily distin-
guished absent nonintervened controls. However, 
immediate anatomic efficacy can be established 
without a control group when an intervention is 
shown to create anatomic change in a rapid time 
course that is inconsistent with the natural history 
of the disease with conservative management.

12.	 For studies of endovascular interventions for 
acute and chronic lower extremity venous con-
ditions, the use of validated venous disease 
assessment scoring systems and QOL measures 
is preferred over exclusive reliance on measure-
ment of individual symptoms or signs.
Remark: the visual analog scale, Likert scale, and 
other scales are well validated for pain assess-
ment, and direct measurement of limb circumfer-
ences (with or without calculation of estimated 
limb volume) can be performed to quantify swell-
ing/edema. These measurements are useful, but 
since individual symptoms can have nonspecific 
(ie, nonvenous) pathogeneses and since venous 
disease is phenotypically diverse, exclusive reli-
ance on such assessments may not permit a 
comprehensive assessment of venous disease 
burden in a study population.

13.	 To enhance the validity and credibility of study 
results, venous assessment tools should be 
applied with explicit precautions to reduce bias: 
(1) studies using patient-reported outcomes 
should take precautions to reduce reporting bias, 
especially when patient blinding is not feasible 
and (2) assessors of clinical signs should be 
qualified clinical personnel who have had training 
on measurement tools and bias prevention and 
should be blinded to treatment arm.
Remark: In designing studies, investigators should 
consider ways to blind clinical providers, outcome 
event adjudicators, and outcome assessors to 
treatment arm allocation. Investigators and staff 
members should be trained on how to avoid con-
veying treatment bias to patients and should not 
be present when patient-reported questionnaires 
are completed. Participants should be informed 
in advance of follow-up visits to avoid conveying 
their treatment arm assignment to examiners. 
Examiners do not need to be told whether they 
are examining the index limb or the contralateral 
limb or whether the patient has completed treat-
ment or not.

14.	 In studies of endovascular interventions for acute 
and chronic lower extremity venous conditions, 
decisions on how to use venous assessment 
scoring systems should consider the specific 
clinical study question, anticipated prerequisites 
for changing clinical practice, the validation and 
previous use of the scales, and performance 
thresholds needed to see clinically important 
differences.
Remark: decisions include the choice of scale to 
use; whether to use a binary cut point or continu-
ous scale scores; and what threshold to utilize. 
Chronic venous disease occurs on a spectrum of 
severity, so in general, the use of continuous mea-
surements is encouraged when there is sufficient 
insight into what degree of difference would be 
considered clinically meaningful by clinical pro-
viders when weighed against an intervention’s 
risks and costs.

15.	 For iliac vein assessment in studies of endovas-
cular interventions for acute and chronic lower 
extremity venous conditions, we strongly suggest 
the use of multiplanar catheter venography along 
with IVUS.
Remark: IVUS is highly sensitive for venous dis-
ease assessment and can visualize stenosis 
and thrombus that are occult on venography. In 
1 prospective study, baseline IVUS-determined 
stenosis and IVUS change in venous caliber with 
stent placement each correlated with subsequent 
clinical improvement. IVUS can accurately mea-
sure the diameter or area of a vein in a specific 
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location at a single point in time; however, in 
making judgments about the presence of patho-
logical stenosis, physicians should be mindful of 
the physiological factors that can alter venous 
caliber and lead to overdiagnosis. IVUS is likely 
to be most accurate with patient prehydration, 
positional maneuvers, visualization of dynamic 
changes in lumen caliber during the cardiorespi-
ratory cycle, and venographic correlation. In addi-
tion, there currently exists no well-validated scale 
for IVUS quantification of thrombus volume. IVUS 
may not be needed if the status of the iliac vein is 
not relevant to the study.

16.	 In studies of endovascular interventions for 
acute and chronic lower extremity venous con-
ditions, we strongly suggest the use of Duplex 
ultrasound for noninvasive assessment of lower 
extremity venous caliber, patency, compressibil-
ity, thrombus extent, and valvular reflux. Reflux 
assessment should be performed with an 
automated cuff inflator or manual distal com-
pression, with the patient standing; if physical 
limitations preclude standing, then use of a steep 
reverse Trendelenburg position is acceptable. 
Pathological valvular reflux is present in super-
ficial veins if the valve closure time exceeds 0.5 
s and in femoral and popliteal veins if the valve 
closure time exceeds 1.0 s.
Remark: Valsalva maneuvers may be substituted 
for distal compression when the common femo-
ral vein or saphenofemoral junction is evaluated. 
Ultrasound laboratories should have processes 
for continuous quality control and should ideally 
follow updated standards of the International 
Accreditation Commission or American College 
of Radiology.

17.	 When Duplex ultrasound is used to assess 
residual thrombus in studies of endovascular 
interventions for acute and chronic lower extrem-
ity venous conditions, documentation of venous 
compressibility and standardized measurement 
of the residual anteroposterior diameter of the 
compressed vein with imaging in the transverse 
plane are suggested.
Remark: complete venous compressibility con-
notes the absence of thrombus. The residual 
compressed vein diameter has been validated 
as a method of quantifying thrombus volume 
and identifying acute-on-chronic thrombus. 
Ultrasound challenges include operator variabil-
ity, inability to reliably discern thrombus age, and 
challenges in depicting the longitudinal extent 
of thrombus over time (when important, the lat-
ter can be done by measuring and recording the 
distance from thrombus edge to fixed landmarks 
such as the saphenofemoral junction).

MT FOR ACUTE DVT
Currently, the clinical use of MT devices for acute DVT is 
largely based on shared anecdotal clinical observations, 
case series, and prospective single-arm studies that 
were not designed to clearly distinguish device-specific 
effects from those of other therapies. In considering 
the optimal design of future thrombectomy studies, the 
panel’s recommendations are strongly informed by key 
observations from the completed multicenter random-
ized controlled trials that have evaluated CDT and related 
therapies for the management of acute proximal DVT.

First, these studies provided important insights into 
the expected natural history of acute DVT managed 
without endovascular therapy. In particular, during the 
2-year follow-up period, the ATTRACT trial (Acute Venous 
Thrombosis: Thrombus Removal With Adjunctive Catheter-
Directed Thrombolysis) observed substantial improve-
ments from baseline in scores on the Villalta scale and 
VEINES (Venous Insufficiency Epidemiological and Eco-
nomic Study) QOL venous disease-specific QOL mea-
sure in the control arm patients who were treated with 
anticoagulation and compression alone.80 Hence, clinical 
improvement observed after use of an endovascular pro-
cedure for acute DVT cannot be attributed to the proce-
dure unless it exceeds that observed in a nonintervened 
control group, ideally in a randomized controlled trial that 
minimizes patient selection bias.

Second, although these studies confirmed previous 
observations that most PTS cases can be identified 
within 1 to 2 years, CAVENT (Catheter-Directed Venous 
Thrombolysis) documented evolution in the magnitude of 
the effects of CDT therapy upon PTS prevention from 2 
to 5 years; specifically, the degree of benefit appeared to 
substantially increase over time.5,81 This finding suggests 
that while 1 to 2 years of follow-up may offer a pragmatic 
compromise that enables quality PTS assessment in a 
feasible manner, longer term assessments are still valu-
able to obtain when resources are available.

Third, in ATTRACT, the baseline ultrasound exam was 
used to designate those patients who met the above 
society-endorsed definition of acute iliofemoral DVT and 
the randomization was stratified accordingly, enabling 
quality subgroup analyses.1,17 Based on these analyses, 
which suggested that at least some outcomes of endo-
vascular intervention may differ between patients with 
iliofemoral DVT versus isolated femoral-popliteal DVT, 
this key anatomic distinction has been incorporated into 
contemporary clinical practice guidelines.82–86 Investiga-
tors of future thrombectomy studies should present the 
baseline anatomic extent of DVT using these definitions 
and may be well advised to focus on patients with acute 
iliofemoral DVT since they are at higher risk for adverse 
outcomes and have shown greater potential to benefit 
from endovascular intervention than patients with less 
extensive DVT.81,87,88
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Fourth, in patients with acute iliofemoral DVT in the 
ATTRACT trial, endovascular thrombus removal led to 
greater early (within 1 month) DVT symptom resolution, 
reduced PTS severity through 6 months, and venous 
QOL benefits that were most pronounced during the first 
6 months of follow-up, compared with standard therapy 
alone.80,87 Although it is questionable whether early ben-
efits alone are sufficient to justify routine assumption 
of the risks of fibrinolytic drug administration, decision-
making might be different for endovascular strategies 
that involve a lower risk of serious complications. The 
panel believes that while the importance of long-term 
venous outcome data collection has not diminished, 
demonstration of shorter term symptom/QOL benefits in 
well-designed randomized trials could justify the clinical 
use of MT strategies if a favorable safety profile is also 
observed.

Fifth, an exploratory analysis of ATTRACT found that 
the baseline symptom severity as assessed by the Villalta 
scale was predictive of the treatment effects of pharma-
comechanical CDT upon 2-year PTS severity and venous 
QOL.89 Hence, baseline characterization of study popula-
tions by some measure of presenting symptom sever-
ity may prove valuable in understanding the results of 
venous thrombectomy trials in a way that supports indi-
vidualization of care to specific patients. Although the Vil-
lalta scale was not originally designed for this purpose 
and its 11 items may deter routine clinical use, the mea-
sure appears to be useful in stratifying patients in clinical 
studies. Simpler measures (eg, pain scores) might also 
be used for this purpose but have not been explicitly vali-
dated as being predictive of treatment effects.

Sixth, postprocedural rethrombosis is likely to be an 
important factor in defining long-term clinical outcomes 
after thrombectomy procedures. In the CAVA trial (Cath-
eter-Directed Thrombolysis Versus Anticoagulation), 
which did not find benefits to adjunctive use of ultra-
sound-assisted CDT, early rethrombosis was frequent in 
CDT/stent recipients.6 In the ATTRACT and CAVENT tri-
als, better status (common femoral vein compressibility in 
ATTRACT at 1 month, deep venous flow in CAVENT at 6 
months) of the venous system on Duplex ultrasound pre-
dicted improved PTS-related outcomes at 2 years.60,90,91 
In an exploratory analysis of ATTRACT, pharmacome-
chanical CDT that included use of the AngioJet Rheolytic 
Thrombectomy System (Boston Scientific Corporation, 
Marlborough, MA) did not provide long-term benefits 
and appeared to be associated with more recurrent DVT 
than standard therapy alone.92 Current and future venous 
thrombectomy devices may involve large sheaths placed 
in limbs with variable inflow vein status and cause vary-
ing degrees of mechanical trauma to the venous system. 
Hence, in addition to evaluating clinical outcomes, stud-
ies should report independent assessments of mid- to 
long-term patency rates in the access vein, the treated 
vein segments, and adjacent veins.

Finally, thrombus removal analysis in the above ran-
domized trials was based on venograms performed after 
adjunctive endovascular procedures, sometimes includ-
ing balloon venoplasty and stent placement, precluding 
determination of whether the thrombus removal strategy 
itself was effective. In future venous thrombectomy stud-
ies, venography should be documented immediately before 
and after use of the thrombectomy device to independently 
evaluate its effectiveness; an additional final venogram can 
be obtained to evaluate the overall endovascular strategy. 
Long-term evaluation of venous valvular function is also 
important to understanding the effects of MT. Study reports 
should clarify the timing of interventions and assessments.

Consensus-Based Statements 18 to 25
18.	 For patients with acute iliofemoral DVT, we 

strongly encourage the design and conduct 
of multicenter randomized trials of venous 
thrombectomy.
Remark: Patients with acute iliofemoral DVT 
experience more severe presenting symptoms, 
more frequent recurrent DVT and PTS, and more 
severe PTS than other patients with DVT and 
appear to have the strongest potential to ben-
efit from endovascular therapy. A randomized trial 
using standardized device/procedure protocol and 
assessment of both short-term (eg, early symptom 
relief) and long-term (eg, PTS severity) outcomes 
is most capable of credibly demonstrating any clin-
ical benefit over conservative therapy alone.

19.	 For studies of endovascular intervention for acute 
lower extremity DVT, the population description 
should include (1) characteristics of the index 
DVT—whether it was associated with presenting 
symptoms, PE, or a temporary provoking risk fac-
tor; (2) symptom duration, DVT history, and other 
indicators of DVT chronicity; (3) the most cepha-
lad anatomic extent of the DVT, using accepted 
definitions; and (4) whether the study includes 
patients with initially presenting DVT, early treat-
ment failure (eg, progression of symptoms or 
thrombus extent), or acute limb-threatening cir-
culatory compromise.
Remark: patients with DVT with only temporary 
provoking risk factors are at lower risk for recur-
rence than patients with chronic provoking risk 
factors or unprovoked DVT. Per guidelines of 
the Society of Interventional Radiology and the 
American Heart Association, iliofemoral DVT 
should be used for DVT that involves the iliac 
vein or common femoral vein, with or without 
the involvement of other deep veins. Femoral-
popliteal DVT should be used for femoral or pop-
liteal DVT that does not extend into the common 
femoral vein or more cephalad veins.

D
ow

nloaded from
 http://ahajournals.org by on July 17, 2023



Vedantham et al

Circ Cardiovasc Interv. 2023;16:e012894. DOI: 10.1161/CIRCINTERVENTIONS.123.012894� July 2023 13

Consensus Statements for Venous Outcome Assessment

20.	 For studies of acute lower extremity DVT, the pro-
tocol and statistical analysis plan should prespec-
ify the type of thrombus removal techniques used 
in the study, with particular reference to whether 
the study will assess stand-alone use of the 
device, its use along with fibrinolytic drug therapy, 
and its use along with other treatment methods. 
Any use of fibrinolytic drugs, the route of admin-
istration (eg, systemic or catheter directed), the 
sequence of use (eg, thrombectomy device first, 
drug first, simultaneous), the drug dosing scheme, 
and use of other thrombus removal methods 
should be reported to enable a clear understand-
ing of the treatment delivered.

21.	 In studies evaluating thrombectomy for acute 
lower extremity DVT, we suggest early patient fol-
low-up at ≈7 to 10 days, 1 month, and 6 months 
to evaluate adverse events, early anatomic effi-
cacy, and early clinical efficacy. To evaluate long-
term clinical efficacy, follow-up of 1 to 2 years is 
sufficient to identify most cases of incident PTS 
and may optimize feasibility for many studies. 
Follow-up of 3 to 5 years, however, will enable the 
most definitive assessment of the PTS, the need 
for reintervention, and severe clinical manifesta-
tions (eg, ulcers).

22.	 For acute lower extremity DVT treatments, dem-
onstration of early clinical efficacy at 1 to 6 
months compared with nonintervened controls 
can justify the use of a device/intervention in 
clinical practice provided the safety profile is 
appropriate and should include the demonstra-
tion of (1) early anatomic efficacy that supports 
the attribution of treatment effects to the inter-
vention and (2) improvement in patient-centered 
sequelae of venous disease (eg, limb pain, ambu-
latory/functional capacity, and QOL) or objective 
clinical signs of venous disease (eg, swelling by 
measurement of limb circumference/volume), 
compared with a control group.
Remark: although studies to date have focused 
on prevention of PTS, many patients with acute 
iliofemoral DVT experience severe symptoms, 
functional impairment, and poor QOL during the 
early weeks and months. Independent of PTS 
reduction, acceleration of early clinical recovery 
from acute DVT would be worthwhile if achiev-
able with acceptable safety. A control comparator 
is needed because the natural history of non-
intervened (conservatively treated) acute DVT 
includes early clinical improvement that extends 
over the first year.

23.	 For acute lower extremity DVT treatments, the 
primary assessment of early anatomic efficacy of 
the device/intervention should occur at least 1 
month after use to enable confidence in both its 

immediate anatomic efficacy and the degree to 
which this is sustained beyond the initial use.
Remark: the medium-to-large bore venous 
access and catheter/device manipulations 
needed for venous thrombectomy may influence 
the risk of early rethrombosis after intervention. 
More aggressive interventions may demonstrate 
enhanced thrombus removal efficacy, while 
conversely increasing the risk of rethrombosis. 
Clinical trials have found the status of the venous 
system 1 to 6 months after DVT treatment ini-
tiation to correlate with 2-year outcomes. Hence, 
demonstration of success should require sus-
tained patency for at least the first month.

24.	 For a thrombectomy device to demonstrate 
immediate anatomic efficacy, demonstration 
of thrombus volume reduction by independent 
blinded assessment of venograms performed 
before and after the intervention, ideally using 
established assessment scales, is acceptable. For 
stand-alone device use to be considered effec-
tive, the posttreatment venogram must be per-
formed before the use of other interventions that 
can influence thrombus removal or patency.
Remark: fibrinolytic drugs can dissolve venous 
thrombus, and venous angioplasty and stent 
placement can help restore venous patency. As 
such, when possible, studies should be designed 
to avoid confounding with the effects of venous 
thrombectomy devices.

25.	 In acute lower extremity DVT thrombectomy 
studies, particular attention should be paid to 
risks of bleeding (device-related blood loss, 
access site bleeding, and distant bleeding), PE, 
early rethrombosis, vascular injury, bradycardia, 
renal failure, and any additional risks that stem 
from the nature and mechanism of action of any 
specific device that is used.

STENT PLACEMENT FOR CHRONIC 
ILIOFEMORAL VENOUS OBSTRUCTION
The Clinical-Etiological-Anatomical-Pathological (CEAP) 
classification system was developed to standardize the 
descriptive characterization of patients with chronic 
venous disorders and was subsequently revised into its 
current form.93–95 This tool is now widely used and has 
functioned well in enabling a degree of comparability of 
venous cohorts across studies. Because CEAP is a non-
ordinal scale with many static elements, this scale was 
not intended and is not suitable for longitudinal assess-
ment of venous disease severity. In addition, patients in 
the same clinical class (especially class 3) can experi-
ence widely variable symptom severity and QOL impact.96 
Hence, investigators should report CEAP at baseline but 
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should use other tools to describe clinical severity at 
baseline and during follow-up. It is hoped that new meth-
ods of standardizing the reporting of functional disability 
will be validated.

Chronic venous disease symptoms often fluctuate 
within patients during the course of a day, reflecting their 
level of activity, the degree and duration of limb depen-
dency, and the use of compression therapy. Hence, in 
clinical studies, it is ideal to standardize the time of day 
at which patients are examined and plans for managing 
compression before clinical assessments. In addition, 
chronic venous disease patients show dynamic changes 
in clinical severity over longer periods of time due to pro-
gression of venous pathophysiology, development of col-
lateral veins, and changes in nonvenous contributors to 
symptoms. The VETO (Venous Thrombosis Outcomes) 
registry investigators observed that in patients who 
had a Villalta score documented 4 months after acute 
symptomatic DVT, about 20% of patients experienced a 
change in Villalta severity category (no, mild, moderate, or 
severe PTS) at their 12-month or 24-month assessments 
(2). This included 10% of patients who changed Villalta 
severity category from 12 to 24 months. These findings 
conform to clinical observations that PTS fluctuates over 
time within patients, even in the late chronic phase. For 
this reason, although it may be tempting to conclude that 
improvement in symptom severity after an endovascular 
intervention reflects a treatment effect, scientific reports 
should not attribute clinical change to a procedure with-
out proof of benefit over nonintervened control patients.

Until recently, the prevailing understanding of venous 
stent placement outcomes was derived mainly from 
anecdotal clinical observations, pooled analyses of case 
series, and a single small pilot randomized trial35,97,98

The absence of large rigorously designed multicenter 
randomized trials has been observed by U.S. government 
agencies and private health care payors, and a National 
Institutes of Health funded trial (the C-TRACT trial [Chronic 
Venous Thrombosis: Relief With Adjunctive Catheter-
Directed Therapy]) is currently underway.99–101 In recent 
years, prospective multicenter non-randomized studies 
resulted in Food and Drug Administration clearance of 
4 new venous stents for the management of iliofemoral 
venous obstruction.102–105 The panel’s recommendations 
are informed by the accumulated clinical insights of endo-
vascular practitioners over 30 years, by the above studies, 
and by postmarketing clinical events and observations. A 
few key considerations are summarized here.

First, in recent years, endovascular providers and 
investigators have clearly distinguished the use of iliac 
vein stent placement among patients with acute DVT, 
established PTS, or NIVLs.97,98,102–105 The panel supports 
continued reporting along these lines because while 
there is overlap in many assessment domains, these 
distinctions influence optimal treatment methods, antici-
pated results, and procedural outcome assessments.

Second, a number of factors appear to influence stent 
placement outcomes, including the patient’s history of 
thrombosis, the presence of thrombophilia, the quality 
of inflow veins, and the type of antithrombotic therapy 
delivered post-procedure.106 Hence, quality interpretation 
of future studies will be facilitated by routine reporting of 
these clinical characteristics. A new descriptive scheme 
for classifying inflow patterns has been developed and 
can be utilized.107

Third, in recent Food and Drug Administration–moni-
tored studies, a 50% iliac vein diameter stenosis was used 
as a key threshold parameter for study inclusion. However, 
there are problems with using such a threshold: (1) with any 
imaging method, patient hypovolemia may result in over-
estimation of the degree of stenosis; (2) the hemodynamic 
impact of a stenosis depends not just on the vein’s minimum 
diameter but also on its length, the presence of collateral 
veins, and other factors; and (3) venous diameter measure-
ment is difficult to standardize and depends on the imaging 
method used. Measurement on computed tomography and 
magnetic resonance imaging scans is limited due to their 
poor resolution and variable venous contrast enhancement. 
Multiplanar venography can identify venous lumen bound-
aries but is susceptible to flow artifacts (eg, the full caliber 
of the target vein may not be apparent if there is inflow 
from nonopacified blood from venous tributaries or if there 
is poor axial inflow), the challenges of identifying the nar-
rowest dimension of a 3-dimensional structure by imaging 
in 2 dimensions, and the inability to visualize subtle internal 
venous abnormalities. IVUS has excellent resolution, but its 
measurements may be influenced by patient position and 
the degree to which the catheter is centered in the vein 
lumen.57,108,109 These limitations are particularly apparent for 
NIVLs because the adjacent vein is not fibrosed, vein seg-
ments tend to exhibit greater dynamic change during the 
cardiorespiratory cycle; and (4) utilization of a percentage 
narrowing parameter requires a reference normal compar-
ator vessel. However, unlike the arterial system, the venous 
system does not provide an easy comparator since veins 
distal or contralateral to an iliac vein obstructive lesion 
often exhibit compensatory dilatation. Even when the seg-
ment above the stenosis can be measured (not always the 
case for lesions below a major confluence), it is expected 
to be larger than the target vein, and there may be variable 
degrees of reverse taper.

Fourth, device migration can occur with any implanted 
stent brand and has been reported with greater-than-
anticipated frequency for dedicated nitinol stents in the 
postmarketing phase, resulting in the permanent recall of 
1 venous stent brand from the marketplace.110,111 Of the 
migrations, most seemed to occur in NIVL patients, and 
they may have been more frequent with shorter and smaller 
stents. Another stent brand experienced a temporary recall 
due to an issue with its delivery catheter.112,113 Accordingly, 
long-term follow-up is important for future devices to verify 
their long-term safety, stability, and mechanical integrity.

D
ow

nloaded from
 http://ahajournals.org by on July 17, 2023



Vedantham et al

Circ Cardiovasc Interv. 2023;16:e012894. DOI: 10.1161/CIRCINTERVENTIONS.123.012894� July 2023 15

Consensus Statements for Venous Outcome Assessment

Finally, even with newer stent brands, patients with 
PTS remain highly prone to loss of patency.97,98,102–105 In 
addition to early events, prospective studies observed 
that patency rates continued to decline for at least some 
stent brands between 1 and 3 years after implanta-
tion.101,113 Hence, studies should report on baseline char-
acteristics, treatment elements, and postprocedure care 
elements that may influence the likelihood of thrombo-
sis. Definitions of patency and intended plans for allowed 
reinterventions should be prespecified. Because con-
tinued innovation in stent design is likely (eg, covered 
stents, drug-eluting stents, bioabsorbable scaffolds), 
study reporting should clearly specify study device char-
acteristics. The type and duration of periprocedure and 
postprocedure antithrombotic therapy should be stated. 
Outcome reporting should distinguish objective ana-
tomic findings (eg, stent restenosis or occlusion and how 
determined) from clinical sequelae (eg, recurrent symp-
toms, DVT event). Additional research into the mecha-
nisms underlying stent thrombosis is of high priority.114

Consensus-Based Statements 26 to 30
26.	 In studies evaluating stent placement for treat-

ment of chronic iliofemoral venous obstruction, 
population description should include descriptive 
classification of chronic venous disease using the 
revised CEAP categorization system; delineation 
of whether the study included patients with a his-
tory of recent acute DVT, any prior DVT (ie, being 
treated for established PTS), or no previous DVT 
(ie, being treated for NIVL); the anatomic level 
(length, completeness) of venous obstruction 
and how determined (eg, imaging method); infor-
mation on the quality of venous inflow and out-
flow; and the clinical severity of venous disease 
(presence and severity of symptoms, signs, and 
venous ulcer).
Remark: the revised CEAP categorization system 
is a useful way to descriptively classify a chronic 
venous disease population to enable comparison 
with other study cohorts. However, CEAP clini-
cal class is not sufficient to characterize venous 
clinical severity. In particular, the spectrum of dis-
ease severity within CEAP clinical class 3 is quite 
broad, ranging from patients with mild (lifestyle 
inconsequential) ankle edema to those who are 
largely disabled by massive entire-leg edema 
and venous claudication. Hence, to categorize 
patients for study inclusion, studies should use 
at least 1 indicator of venous disease severity 
beyond CEAP clinical class. Validated venous 
scoring systems such as the VCSS and Villalta 
scale can support the description of baseline 
venous disease severity and are more suitable for 
longitudinal follow-up and outcome assessment.

27.	 Studies of chronic iliofemoral venous obstruction 
treatments should transparently state all endo-
vascular methods that were used or allowed, 
including fibrinolytic therapy, MT, balloon angio-
plasty (predilatation and poststent expansion), 
stent placement, and use of vascular crossing 
devices (traditional and power emitting). For 
stents, the type (brand), size, and the number of 
devices should be stated. If graft material, drugs, 
or biological agents are used to coat or elute 
within the stent, this should be stated.

28.	 In studies of stent placement for treatment 
of chronic iliofemoral venous obstruction, the 
venous lesion being treated should be character-
ized as complete occlusion (no flow) or as steno-
sis. In describing the percentage stenosis, either 
an adjacent normal vein segment can be used as 
the reference standard or published norms (12-
mm common femoral vein, 14-mm external iliac 
vein, and 16-mm common iliac vein) can be used. 
For comparisons of prestenting and poststenting 
lumen caliber, we suggest the use of the mini-
mum diameter of a particular vein segment as a 
more reliably assessed measurement parameter 
than the percentage narrowing.
Remark: with venous obstruction, caudal ipsilat-
eral and contralateral vein segments may enlarge 
due to venous congestion. Hence, it can be chal-
lenging to reliably use them as reference stan-
dards for measurement. Additional variability 
is derived from patient-specific factors such as 
native body size, venous inflow disease, and car-
diovascular factors.

29.	 In studies of stent placement for treatment of 
chronic iliofemoral venous obstruction, patients 
should be followed closely to evaluate and report 
device-related adverse events including but not 
limited to device fractures, migrations, emboliza-
tions, rethrombosis, and any needed reinterven-
tions or other consequences. For metallic stents, 
we suggest clinical follow-up with radiographic 
imaging for at least 3 years, with further imaging 
or intervention if necessary.
Remark: the suggestion for extended follow-up 
reflects information from published studies on 
the median age of stent recipients to date, the 
timing of occurrence of adverse events, and the 
likelihood that some event types are susceptible 
to underreporting.101–104,109–113

30.	 In studies of stent placement for treatment of 
chronic iliofemoral venous obstruction, the pri-
mary patency, primary assisted patency, and 
secondary patency of the target vein should be 
reported based upon prespecified imaging cri-
teria. We strongly discourage the use of clinical 
patency constructs that do not include objective 
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ascertainment of vein status. Change in venous 
clinical severity, ulcer healing, and ulcer recur-
rence should be assessed.
Remark: definitions of patency should clearly 
state whether there was flow throughout the 
target segment (occluded or not) and the mini-
mum lumen diameter within the segment (to 
enable characterization of any stenosis). To min-
imize patient burden and expense, we suggest 
the use of Duplex ultrasound for most follow-
up assessments of the iliac and lower extremity 
veins. However, it is reasonable to use venog-
raphy with IVUS selectively (eg, once during 
follow-up) to obtain a more confident assess-
ment of an iliac vein intervention. Venous clinical 
severity changes can be assessed with validated 
scoring systems (eg, VCSS, Villalta) and venous 
disease-specific QOL measures (eg, VEINES-
QOL, CIVIQ). Venous ulcer healing can be char-
acterized by the occurrence of complete skin 
closure at 24 weeks and by measurements of 
the wound with calculation of percentage of 
wound healing.

CONCLUSIONS
There exist myriad challenges in designing, conducting, 
and reporting clinical studies of endovascular venous 
interventions. A multidisciplinary panel used the Delphi 
consensus methodology to develop 30 statements to 
guide researchers in designing and reporting future stud-
ies evaluating MT for acute DVT and stent placement 
for chronic iliofemoral venous obstruction. It is hoped 
that this guidance will aid standardization and thereby 
increase the quality of reporting of clinical outcomes of 
endovascular interventions, enabling innovation and reg-
ulatory decision-making that optimally supports venous 
patient care.
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