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From the American Venous Forum
Analysis of threshold stenosis by multiplanar venogram

and intravascular ultrasound examination for predicting

clinical improvement after iliofemoral vein stenting in

the VIDIO trial
Paul J. Gagne, MD,a Antonios Gasparis, MD,b Stephen Black, MD,c Patricia Thorpe, MD,d Marc Passman, MD,e

Suresh Vedantham, MD,f William Marston, MD,g and Mark Iafrati, MD,h Darien, Conn; Stony Brook, NY; London,

United Kingdom; Phoenix, Ariz; Birmingham, Ala; St. Louis, Mo; Chapel Hill, NC; and Boston, Mass
ABSTRACT
Background: Selecting patients for iliofemoral vein stenting has traditionally relied on the identification and quantifi-
cation of stenotic lesions with imaging such as multiplanar venography. Recently, intravascular ultrasound (IVUS)
imaging has become more available. However, to date, the usefulness of these imaging modalities using the customary
>50% treatment threshold for diameter (multiplanar venography) and area (IVUS) stenosis of iliofemoral veins has not
been validated prospectively within the context of clinical improvement.

Methods: The multicenter Venogram Versus Intravascular Ultrasound for Diagnosing and Treating Iliofemoral Vein
Obstruction (VIDIO) trial prospectively enrolled 100 symptomatic patients (Clinical Etiologic Anatomic Pathophysiologic
[CEAP] classification of 4-6) with suspected iliofemoral venous outflow disease. Venous stenting for presumed significant
iliofemoral vein stenosis, based on imaging and clinical findings, was performed on 68 patients. Based on imaging,
stenosis was characterized as nonthrombotic in 48 patients and post-thrombotic in 20 patients. Each underwent
baseline and poststenting venography and IVUS to compare the diagnostic and clinical usefulness of the tests. The
revised Venous Clinical Severity Score was used to assess clinical patient outcome. A >4-point reduction in the revised
Venous Clinical Severity Score between baseline and 6 months was used as an indicator of clinically meaningful
improvement. Receiver operating characteristic curve analysis was used to determine the optimal diameter and area
thresholds for prediction of clinical improvement.

Results: Clinical improvement after stenting was best predicted by IVUS baseline measurement of area stenosis (area
under the curve, 0.64; P ¼ .04), with >54% estimated as the optimal threshold of stenosis indicating interventional
treatment. With measurement of lumen gain from baseline to after the procedure, the optimal reduction in vein stenosis
correlative of later clinical improvement was >41%; IVUS measurement of area stenosis was most predictive (area under
the curve, 0.70; P ¼ .004). Venographic measurements of baseline stenosis and stenotic change were not predictive of
later improvement. In a 48-patient nonthrombotic subset analysis, IVUS diameter rather than area measurements of
baseline stenosis were significantly predictive of clinical success, but indicated a higher optimal threshold of stenosis
(>61%) may be necessary.

Conclusions: This study suggests that IVUS shows significant usefulness at predicting when stenting iliofemoral vein
stenosis in patients clinical-etiologic-anatomic-pathophysiologic classification of 4-6 will result in significant symptom
improvement. Our findings corroborate the conventional >50% cross-sectional area threshold by IVUS as defining a
clinically significant iliofemoral stenosis that, when stented, has significant predictive value for symptom improvement. In
nonthrombotic patients, however, a threshold of >61% diameter stenosis by IVUS may better predict clinical
improvement. (J Vasc Surg: Venous and Lym Dis 2018;6:48-56.)
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ARTICLE HIGHLIGHTS
d Type of Research: Multicenter, prospective, non-
randomized cohort Venogram Versus Intravascular
Ultrasound for Diagnosing and Treating Iliofemoral
Vein Obstruction (VIDIO) study

d Take Home Message: In 100 Clinical Etiologic
Anatomic Pathophysiologic (CEAP) class 4-6 patients
with iliofemoral venous obstruction stenting, a >54%
cross-sectional area stenosis determined by intravas-
cular ultrasound (IVUS) predicted significant clinical
improvement at 6 months. In nonthrombotic pa-
tients, stenting a vein with diameter stenosis >61%
measured by IVUS predicted clinical improvement.

d Recommendation: The study suggests that IVUS
shows significant usefulness at predicting when
stenting iliofemoral vein stenosis in CEAP class 4-6
patients results in significant symptom improvement.
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In recent years, a growing body of literature has submit-
ted that intravascular ultrasound (IVUS) imaging is supe-
rior to venography in diagnosing obstructive iliac and
common femoral venous lesions, particularly in non-
thrombotic pathologies.1-4 Although IVUS has demon-
strated advantages in characterizing the type and
extent of venous lesionsdowing largely to its capacity
to more accurately measure stenosis in the often irreg-
ular, noncircular venous lumen2dit is important to
distinguish between the improved sensitivity of IVUS in
identifying venous pathologies, and its ability to deter-
mine which lesions, when treated, result in clinical
improvement.
The unique difficulties in determining hemodynamical-

ly significant stenoses in veins require that diagnoses be
founded largely on a patient’s symptoms and venous
anatomic criteria, primarily the degree of stenosis.5

Historically, there has been a lack of consensus on a
threshold for a clinically significant degree of stenosis in
veins,6 without which it is impossible to determine
whether the sensitivity-specificity trade-offs of IVUS or
contrast multiplanar venography (MPV) correlate with
better patient outcomes.
The Venogram Versus Intravascular Ultrasound for

Diagnosing and Treating Iliofemoral Vein Obstruction
(VIDIO) trial was the first prospective trial comparing
IVUS and MPV to determine their respective value in
the diagnosis and treatment of iliofemoral lesions. In
our initial paper reporting trial findings,7 we reported
that IVUS was significantly more sensitive than MPV in
identifying and characterizing venous lesions, changing
the treatment plan in 57 of 100 patients, with 68 patients
undergoing interventional stenting based on conven-
tional and previously published criteria.8

In this paper, our objective was twofold: to assess the
diagnostic usefulness of venography and IVUS for predic-
tion of clinical improvement, and to better define a
baseline threshold of iliofemoral vein stenosis where
interventional treatment is more likely to result in
symptom improvement in Clinical Etiologic Anatomic
Pathophysiologic (CEAP) classification of 4-6 chronic
venous insufficiency patients.

METHODS
Trial design and patient population. The VIDIO trial

was a prospective, single-arm, multicenter study that
enrolled 100 patients over a 14-month period at 11 U.S.
and three European sites. Patients aged 18-85 years with
an intention to treat identified obstructive iliofemoral
venous lesions and a CEAP classification of 4-6 were
considered for inclusion. Exclusion criteria included
previous venous stenting or bypass surgery in the
index limb (full inclusion/exclusion criteria listed in the
Supplementary Table, online only, and have been pub-
lished previously).7 At a baseline visit scheduled within
30 days of the index procedure, patients were evaluated
with the CEAP and revised Venous Clinical Severity Score
(rVCSS) clinical assessments.9-12 Clinical assessments
were also conducted at 30 days and 6 months after the
procedure. The study followed the principles of the
Declaration of Helsinki, was registered on ClinicalTrials.
gov (NCT02142062) and approved by each site’s institu-
tional review board or ethics committee. Written
informed consent was obtained for each patient.

Venographic technique. Venous access was obtained
with ultrasound guidance via the popliteal or femoral
vein caudal to the lesser trochanter. An 8-F or 9-F
sheath was used and venography was performed with
a pigtail marker catheter. Three projections (ante-
roposterior, 30� right anterior oblique, 30� left anterior
oblique) were obtained of the caudal inferior vena cava
(IVC), common iliac vein (CIV), external iliac vein, and
common femoral vein (CFV).
Investigators recorded the minimum and maximum

diameters at the site of the most severe stenosis within
each target lesion, with the reference vessel defined as
the most normal segment either caudal or cranial to
the target lesion, and reference vessel diameter recorded
as the average of the minimum and maximum axes.
When no normal reference vessel was identified, a prece-
dent from the literature was used as a proxy reference
vessel diameter in 29 stented patients (36 patients in
the entire VIDIO study population).13,14 Using venographic
findings and knowledge of the patient’s clinical history,
investigators determined an initial treatment strategy
consisting of either stenting, balloon angioplasty, or no
intervention.

IVUS technique. To obtain IVUS measurements, a PV
0.035 catheter (Volcano Corporation, San Diego, Calif)
was advanced through an indwelling sheath under
fluoroscopic guidance. In addition to the diameter

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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measurements attained as with venography, reference
vessel area and minimum luminal area were recorded
at the site of maximum stenosis. Pullback of the catheter
allowed full craniocaudal visualization of the vein
segments studied with venography. After the IVUS
procedure, investigators submitted a final treatment
plan with the input of IVUS findings, as well. Ultimately,
stenting was performed at the discretion of investigators,
with no predetermined threshold of stenosis to indicate
stenting, thereby allowing our analysis of the “best”
threshold to correlate with later symptomatic improve-
ment. Of 100 patients enrolled in the VIDIO trial, 32
were not treated, because the investigator determined
that the stenosis was not clinically significant, per IVUS
and venographic findings.

Core laboratory analysis. A core laboratory (Syntactx,
New York, NY) assessed all deidentified venographic and
IVUS images using QAngi XA V7.3 and QIvus, respectively
(MEDIS, Medical Imaging Systems, Leiden, The
Netherlands). Diameter stenosis wasmeasured as 1minus
the minimum luminal diameter divided by the reference
vessel diameter. For IVUS, the same stenosis calculation
was performed for both area and diameter stenosis.

Statistical methodology. Using the change in rVCSS
from baseline to 6 months after interventional treatment,
the 64 of 68 stented patients in the VIDIO trial with avail-
able 6-month rVCSS scores were stratified into two co-
horts, improved and not improved, for the purpose of
receiver operating characteristic (ROC) analysis. The
change in rVCSS used to stratify patients was the median
change observed at 6 months in all stented patients (a 4-
point improvement). All patients with an rVCSS
improvement of >4 points were classified as improved,
whereas all patients observed with a change in rVCSS of
#4 were classified as not improved.
Themedian score change was determined to be amore

accurate threshold thanmean owing to the existence of a
few extreme outliers (eg, an 18-point improvement)
observed within the spectrum of 6-month rVCSS change.
Furthermore, a previous study by Blanch et al15 used a
rVCSS change of$4 to classify clinical improvement after
percutaneous treatment for iliofemoral obstruction in
CEAP class 3-6 patients. The decision to use the relatively
high score change of >4 as the threshold for clinical
improvement was also based on past observations that
rVCSS improves significantly as ulceration heals.16 An
important component of the study design for the VIDIO
trial was that half of the enrolled patients were required
to have ulceration (CEAP 6 classification). It was important
for the purpose of this analysis to select an rVCSS change
threshold high enough to be unambiguously correlated
with clinical improvement of venous disease.
The ROC curve analysis assessed the diagnostic useful-

ness and predictive accuracy of venographic and IVUS
baseline measurements of stenosis against 6-month
change in clinical symptoms. Similarly, ROC analysis
was conducted evaluating the correlation between
both venographic and IVUSmeasurements of postproce-
dural stenotic change. The area under the curve (AUC)
was calculated with 95% confidence intervals and
P values, for probability that an imaging measure was
of greater diagnostic value than chance alone. A
2-tailed P < .05 was considered significant. Data analysis
was performed with MedCalc version 16.8 (MedCalc
Software, Ostend, Belgium).
The Youden index was calculated for all measurements

evaluated with ROC curve analysis.17 The Youden index is
calculated by maximizing the sensitivity and specificity
of the test to attain an ideal cutoff value (ie, the value
at which the test has the greatest likelihood of correct
prediction of outcome and, therefore, the best tradeoff
of sensitivity and specificity). In the context of our
analysis, the Youden index was calculated for each of
the three measurements of stenosis (venographic diam-
eter stenosis and diameter and -area stenosis) to esti-
mate the threshold of baseline stenosis where
interventional treatment resulted in clinical improve-
ment (>4-point improvement in rVCSS). The measure-
ment associated with the highest Youden index would
be considered to provide the optimal cutoff value for
interventional stenting of stenosis. Youden Indices were
also calculated for venographic and IVUS measurements
of postintervention reduction in stenosis, with an aim of
identifying the optimal change in percent stenosis
most predictive of later clinical improvement.

RESULTS
Baseline and procedural characteristics. In the 68 of

100 VIDIO study patients who underwent stenting in
the VIDIO trial, there were 37 males (54%) and 31 females
(46%), with amean age of 626 12 years (median, 63 years;
range, 30-85 years). Detailed baseline and procedural
characteristics from the VIDIO trial were published previ-
ously.7 The investigators classified 48 patients (71%)
as nonthrombotic and 20 patients (29%) as post-
thrombotic. All 20 stented post-thrombotic patients had
a history of deep vein thrombosis and evidence of either
intraluminal or intramural scar in stenosed vein seg-
ments. The stented population included 36 clinical CEAP
6 patients, 8 CEAP 5 patients, 2 CEAP 4b patients, and 22
CEAP 4a patients. The mean baseline rVCSS was 14 6 5
and median rVCSS was 15 (range, 6-27). Baseline, 30-day,
and 6-month scores on the rVCSS are listed in Table I.
The most severe stenosis (as estimated by IVUS) was
located in the CIV in 33 lesions (49%), with 30 located in
the external iliac vein (44%), 4 in the CFV (6%), and 1 in
the IVC (1%), with the IVC lesion extending through the
CIV. Venographic estimation of the most severe stenosis
differed slightly, with the majority located in the external
iliac vein (35 lesions; 52%), followed by the CIV (30; 45%),
CFV (2; 3%), and IVC (1; 1%).



Table I. Revised Venous Clinical Severity Score (rVCSS) assessment

Baseline (n ¼ 68) 30 days (n ¼ 67) P Baseline (n ¼ 68) 6 months (n ¼ 64) P

rVCSS, mean 6 SD 14.4 6 4.6 10.9 6 5.3 <.001 14.4 6 4.6 9.8 6 5.1 <.001

rVCSS, median (range) 15 (6-27) 10 (1-26) 15 (6-27) 9 (0-24)

SD, Standard deviation.
On the rVCSS assessment, a lower score connotes improved health. P values were calculated with paired t tests comparing postintervention scores
against the baseline assessment.

Table II. Preprocedural andpostproceduralanatomicmeasurements (core laboratory)of stenosis: Stentedpopulation (N¼68)

Assessment Baseline Postprocedural

DS

MPV Dia 46 6 21% 13 6 15%

IVUS Dia 59 6 15% 25 6 19%

IVUS Area 59 6 17% 28 6 24%

No. >50% DS

MPV Dia 32

IVUS Diaa 47

IVUS Areaa 49

DS, Degree of stenosis; IVUS Area, intravascular ultrasound area reduction measurement; IVUS Dia, intravascular ultrasound diameter measurement;
MPV Dia, multiplanar venographic diameter measurement.
aOne patient did not undergo IVUS imaging.

Table III. Multiplanar venographic (MPV) and intravascular ultrasound (IVUS) baseline patient classificationa

MPV Dia IVUS Dia IVUS Area Total Improved Not improved

þ þ þ 25 13 12

þ þ � 0 0 0

þ � þ 1 0 1

þ � � 4 1 3

� � � 10b 2 8

� � þ 4 1 3

� þ � 3 1 2

� þ þ 16 7 9

� NM NM 1 1 0

Total 64 26 38

IVUS Area, Intravascular ultrasound area reduction measurement; IVUS Dia, intravascular ultrasound diameter measurement; MPV Dia, multiplanar
venographic diameter measurement; NM, not measured.
aBased on $50% stenosis threshold against 6-month patient outcome using a revised Venous Clinical Severity Score (rVCSS) threshold of >4-point
improvement, stented population (n ¼ 64).
bA majority of patients assessed with <50% stenosis by the core laboratory had stenosis of >50% identified at the site before stent placement.
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In the patients who received stents, 105 lesions were
treated with 97 stentsdprimarily Wallstents (89%;
Boston Scientific Corporation, Marlborough, Mass). The
average baseline diameter stenosis of the most severe
lesion in stented patients was 46 6 21%, as assessed by
venography (per the core laboratory; Table II). IVUS
estimated a more severe degree of stenosis than venog-
raphy, with a baseline diameter stenosis of 59 6 15%
(P < .001) and a baseline area stenosis of 59 6 17%
(P < .001). With venography, 32 of 68 patients (47%)
were assessed as having $50% stenosis, compared with
47 of 68 patients (69%) with IVUS diameter measure-
ments and 49 of 68 patients (72%) with IVUS area
measurements. Postprocedure residual stenosis as
assessed by venography was a mean of 14%, with IVUS
diameter and area measurements assessing a higher
residual mean stenosis of 25% and 28%, respectively.

Six-month outcomes. At 6 months, 26 patients (41%)
were assessed with rVCSS improvement of >4 points
and 38 patients (59%) with improvement of #4 points
(Table III; Fig 1). Of the 38 patients below the threshold,
five had an identical rVCSS 6 months after treatment as
at baseline and nine had worsened symptoms with an
increase in rVCSS at 6 months (although only two had an
rVCSS increase of >4, suggesting the true clinical change



10

9

8

7

6

5

4

3

2

1

0
-10 -5 0 5 10 15 20

rVCSS score change

N
o,

 p
at

ie
nt

s

Fig 1. Distribution of change in the revised Venous Clinical
Severity Score (rVCSS) score 6 months after interventional
treatment for iliofemoral stenosis (n ¼ 64). Positive values
on the x axis indicate score improvement after stenting;
negative values indicate a revised Venous Clinical Severity
Score (rVCSS) score worsening.

Fig 2. Receiver operating characteristic (ROC) curve plot-
ting baseline venographic and intravascular ultrasound
(IVUS) measurements of anatomic degree of stenosis
against change in the revised Venous Clinical Severity
Score (rVCSS) 6 months after stenting (n ¼ 64). IVUS-Area,
Intravascular ultrasound area reduction measurement;
IVUS-Dia, intravascular ultrasound diameter measure-
ment; MPV-Dia, multiplanar venographic diameter
measurement.
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in these seven patients was minimal or nonexistent).
Only one patient developed an ulcer at 6 months that
was not present at the baseline assessment.

Threshold for clinically significant stenosis. ROC anal-
ysis plotting sensitivity and 1-specificity of venographic
and IVUS baseline measurements of stenosis against
6-month clinical improvement is displayed in Fig 2.
Baseline stenosis measurements obtained with IVUS
diameter and area calculations were demonstrated to be
significant predictors of 6-month patient improvement
in rVCSS (P ¼ .05 and P ¼ .04, respectively). Venographic
baseline measurements were a less reliable predictor of
improved rVCSS at 6 months (P ¼ .33).
The Youden indexmethod yielded>54% as the optimal

threshold of stenosis to indicate intervention, as assessed
by IVUS area measurement, with a sensitivity-specificity
tradeoff of 83% and 47%, respectively (Youden index,
0.31). Table IV lists the optimal baseline degree of stenosis
most predictive of 6-month clinical improvement, as esti-
mated with MPV diameter measurement, IVUS diameter
measurement, and IVUS areameasurement. Correspond-
ing sensitivity, specificity, and Youden index values are re-
ported, as well as AUCs, confidence intervals, and P values
for each modality.

Optimal stenotic change for symptom improvement.
The postintervention stenotic change most predictive of
improved rVCSS at 6 months was >41%, as measured
with IVUS area, with a sensitivity of 60% and specificity
of 78% (Youden index 0.36; Fig 3; Table V).
IVUS diameter and area measurements of postinter-

vention stenotic change were shown to correlate signifi-
cantly with improved patient outcomes at 6 months
(P ¼ .02 and P ¼ .004, respectively), with higher AUCs
and predictive usefulness than observed with the base-
line measurements. Venographic measurement of
postprocedural change in stenosis was not found to
significantly correlate with future improvement (P ¼ .44).
Nonthrombotic patient subset analysis. Of the 68
stented patients in the VIDIO study, 48 were classified
with nonthrombotic stenosis. This 48-patient subset
was characterized by lesions considered significantly
more stenotic (P ¼ .03) and eccentric (P ¼ .005) than the
20 patients classified with post-thrombotic lesions. An
ROC analysis was also performed with baseline and
change measurements in this nonthrombotic subset
(n ¼ 45). The IVUS diameter measurement of baseline
stenosis was the only significant predictor of future
improvement in clinical symptoms in the nonthrombotic
subset (P ¼ .02), estimating a higher threshold of base-
line stenosis to justify stenting than in the overall cohort
(>61%; Youden index, 0.40). IVUS area measurements
estimated a similar threshold of stenosis to indicate
stenting as the overall cohort (>53%; Youden index, 0.30);
however, this measurement was not significantly
predictive of later clinical improvement. With measure-
ment of postintervention stenotic change, IVUS diameter
and IVUS area measurements were determined to be
significant predictors of later clinical improvement (MPV,
P ¼ .10; IVUS diameter, P ¼ .002; IVUS area, P < .001).
DISCUSSION
The VIDIO study was designed to answer the following

question: What is the most sensitive imaging modality
for identifying stenosis in the iliac and CFVs, to best
inform decisions regarding stenting of significantly
stenosed vein segments?



Table IV. Receiver operating characteristic (ROC) analyses of venographic and intravascular ultrasound (IVUS) measure-
ments of baseline stenosis in all stented patients (N ¼ 64)

Group Cutoff value, % Sensitivity Specificity Youden index AUC (95% CI) P

MPV Dia >52 0.50 0.71 0.21 0.57 (0.44-0.70) .33

IVUS Dia >56 0.80 0.50 0.30 0.64 (0.51-0.76) .05

IVUS Area >54 0.83 0.47 0.31 0.64 (0.51-0.76) .04

AUC, Area under the curve; CI, confidence interval; IVUS Area, intravascular ultrasound area reduction measurement; IVUS Dia, intravascular ultra-
sound diameter measurement; MPV Dia, multiplanar venographic diameter measurement.

Fig 3. Receiver operating characteristic (ROC) curve
estimating postprocedural reduction in stenosis predictive
of patient improvement in stented patients (n ¼ 64).
IVUS-Area, Intravascular ultrasound area reduction
measurement; IVUS-Dia, intravascular ultrasound diam-
eter measurement; MPV-Dia, multiplanar venographic
diameter measurement.
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The VIDIO study indicates that IVUS is a better modality
than MPV for identifying iliofemoral vein disease and
stenosis. However, controversy exists surrounding the
definition of a significant iliofemoral vein stenosis. The
VIDIO study was not designed to definitively answer
the question of what constitutes a significant stenosis.
Treatment was based on current standards in the litera-
ture. However, in this analysis, we sought to investigate
the relationship between iliofemoral venous stenoses as
measured with venography and IVUS, and symptom
improvement after intervention. Our primary aim was
to assess the diagnostic usefulness of the two imaging
modalities based on published standards of interpreta-
tion, and estimate potential new cutoff points for
clinically significant stenosis. Our principal findings can
be summarized as follows: (1) The predictive usefulness
of IVUS diameter and area measurements of venous ste-
nosis is robust, the usefulness of venography is not; and
(2) the published conventional guideline of >50% diam-
eter stenosis (MPV) or cross-sectional area reduction
(IVUS) as the indication for stenting is generally sup-
ported by our findings. Caveats include this MPV
threshold, when treated, correlated poorly with clinical
improvement and for IVUS measurements modifications
regarding threshold measurements may be required for
specific pathophysiologies.
Patient selection for interventional treatment of venous

stenosis is far more challenging for the vascular diagnos-
tician than with the more straightforward arterial lesions.
The inherent complexities of measuring flow obstruction
in the low-pressure, calf pump-dependent venous sys-
tem of the leg explains the lack of a validated method
to define a hemodynamically significant venous stenosis.
The classic treatment strategy for iliofemoral venous
lesions has, therefore, been based on patient history
with clinical assessment of symptoms, and imaging of
the obstruction, including anatomic degree of stenosis.
Historically, this measurement of stenosis with venog-
raphy has been challenging with potential for error, given
the often elliptical, dynamic venous morphology.
Although venography has been considered the imaging

gold standard for venous lesions, it has been increasingly
recognized in the literature that IVUSmay be fundamen-
tally better suited to capture the complexities of
venous anatomy, as well as accurately assess the degree
of stenosis.6,18,19 Numerous studies have pointed to
venography underestimating stenotic severity compared
with IVUS.1,2,20,21 IVUS has also demonstrated a signifi-
cantly superior ability to detect residual stenosis after
interventional procedures, with one study reporting that
more than one-half of patients had postprocedural
thrombus identified with IVUS, but not with venog-
raphy.22 Perhaps the most significant advantage IVUS
possesses over venography for venous imaging is its ability
to directly measure luminal area and diameter. There is
no need for multiple views, thereby decreasing radiation
exposure and contrast volume.
Neglen and Raju2 have contributed substantively to the

ongoing validation of IVUS in the venous system,
conducting several studies affirming the enhanced sensi-
tivity of IVUS in assessing the degree of stenosis, as well
as characterizing other intraluminal features.2-4,23-26

With the use of IVUS, Raju et al3 also identified a higher
prevalence and far broader spectrum of nonthrombotic
pathologies than previously estimated with venography.



Table V. Receiver operating characteristic (ROC) analyses of venographic and intravascular ultrasound (IVUS) measure-
ments of postprocedural change in stenosis, all stented patients (N ¼ 64)

Cutoff value, % Sensitivity Specificity Youden index AUC (95% CI) P

MPV Dia >38 0.50 0.68 0.18 0.56 (0.43-0.68) .44

IVUS Dia >46 0.52 0.84 0.36 0.67 (0.54-0.78) .02

IVUS Area >41 0.60 0.78 0.38 0.70 (0.57-0.81) .004

AUC, Area under the curve; CI, confidence interval; IVUS Area, intravascular ultrasound area reduction measurement; IVUS Dia, intravascular ultra-
sound diameter measurement; MPV Dia, multiplanar venographic diameter measurement.
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Venography’s low sensitivity for nonthrombotic lesions
can be explained by the eccentric nature of venous
compression. Adequate and fortuitous obliquity of the
venogram is crucial for actual visualization. The introduc-
tion of IVUS determined that nonthrombotic stenoses
were a far greater contributor than previously appreci-
ated for symptomatic chronic venous disease. Long-
term patient outcomes have justified the move toward
more aggressive identification and interventional treat-
ment of nonthrombotic iliofemoral venous pathologies.
In 1 large study, stenting of nonthrombotic lesions led
to excellent early and late outcomes with very low rates
of in-stent restenosisdthese outcomes were also signifi-
cantly improved compared with stenting for thrombotic
lesions, which reported a much higher rate of occlusions
and return of symptoms through long-term follow-up.23

Venography continues to be more commonly used in
clinical practice, owing largely to the traditional use in
this setting and the limited amount of peer-reviewed
literature addressing IVUS’s advantages for the venous
system. The lack of criteria upon which to determine
the clinical relevance of IVUS’ enhanced sensitivity re-
mains a challenge, as well. Without a consensus on
what constitutes a clinically significant degree of steno-
sis, the diagnostic usefulness of anatomic measurements
of stenosis remains a source of controversy. Many practi-
tioners adhere to a guideline of $50% diameter stenosis
with MPV and $50% cross-sectional area stenosis, with
the VIDIO trial using this threshold as an indicator of clin-
ical significance, as well. To date, there has not been an
analysis assessing measurements of anatomic stenosis
against late clinical outcomes, or an attempt to more
formally establish an optimal threshold of stenosis to
justify interventional treatment. Using ROC analysis, we
attempted to address these gaps.
The highest Youden index calculated for a baseline

measurement was with IVUS area, which estimated
that >54% stenosis was the optimal threshold to indi-
cate stenting correlative of future clinical improvement.
The subset analysis of 48 nonthrombotic patients sug-
gests that a higher degree of baseline stenosis (>61%
diameter stenosis by IVUS) may be required for clini-
cally beneficial interventional treatment of nonthrom-
botic lesions. This finding raises questions about the
clinical significance of diameter vs area measurements
with IVUS, as well as differences between the
pathophysiology of vein stenoses owing to different eti-
ologies. In fact, different from arteries, the mathemat-
ical relation between diameter stenosis and area
stenosis for a circle does not hold up for an ellipse.
The implications of this were highlighted by Raju,27 in
that the elliptical nature of conduits such as veins
changes their properties. However, these results sug-
gesting a new threshold for treatment must be viewed
within the context of the small sample size. The higher
ideal threshold calculated by IVUS diameter as optimal
for nonthrombotic patients should not be viewed as a
robust finding with clinical significance, but may form
the basis of future analyses. It is important to under-
stand, as well, that the optimal threshold of sensitivity
and specificity as calculated with the Youden index is
based solely from imaging and clinical outcomes. The
ideal sensitivityespecificity tradeoff must be modulated
by the clinician’s knowledge of the patient’s clinical
history and other factors. For example, one might place
greater weight on an imaging modality’s specificity
before placing a permanent stent in the vasculature
of a 20-year-old patient with a nonthrombotic stenosis.
Measurement of the reduction in stenosis most predic-

tive of later improvement was best estimated by IVUS
area measurement. The observation that symptom
improvement is tightly linked to the reduction in stenosis
(as assessed by IVUS) provides additional validation of
IVUS. The >41% threshold can be used by clinicians to
gauge whether an intervention is likely to be sufficient
and, perhaps for future clinical trials, as a measure of
technical success. Our analysis of postprocedural luminal
change also validates the enhanced ability of IVUS to
measure postprocedural stenosisda result previously
observed by Murphy et al.22

Assessing the overall predictive usefulness of baseline
and change measurements, we found that IVUS diam-
eter and -area measurements of baseline stenosis were
both statistically significant predictors of clinical
improvement at 6 months, whereas MPV diameter
measurement of baseline stenosis did not demonstrate
significant predictive usefulness. IVUS measurement of
postprocedural stenotic change (both diameter and
area stenosis) was a highly significant predictive model
for future improvement. Venogram measurement of
stenotic change did not demonstrate a significant correl-
ative relationship with later clinical improvement.
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Although the AUCs for both IVUS measurements were
not high enough to claim excellent diagnostic efficacy,
this analysis assessed their independent predictive
usefulness. In clinical practice, neither IVUS nor venog-
raphy would be the singular diagnostic tool to determine
treatment strategy, but would be used in conjunction
with clinical assessment, patient history, and other
morphologic indicators. Nonetheless, this analysis
indicates that IVUS is a helpful diagnostic adjunct and
suggests stenosis measurement in abnormal iliofemoral
vein segments in CEAP class 4-6 patients has clinical use-
fulness for decision making regarding stent placement.

Limitations. Amajor limitation of this study was its rela-
tively small sample size, which is insufficient for robust
statistical comparisons. Another significant limitation
was the study design, which did not include an observa-
tional control arm. Therefore, the ROC threshold used to
determine procedural success or failure was perhaps less
precise, because a negative cohort had to be carved
somewhat arbitrarily out of patients undergoing inter-
vention, with many patients categorized as negative
despite reporting substantial improvement (up to and
including a 4-point improvement) on rVCSS at 6 months.
Another limitation was a much greater proportion of pa-
tients categorized as nonthrombotic (71%) than post-
thrombotic (29%), limiting the relevance and
significance of our findings for post-thrombotic lesions.

CONCLUSIONS
Our analysis found that IVUS demonstrates predictive

accuracy for imaging and guiding treatment of iliofe-
moral venous lesions, whereas venography did not
display significant predictive usefulness. Stenosis of
>54% for the entire patient cohort, as measured by
IVUS area stenosis, was estimated as the threshold for
clinically significant stenosis to indicate stenting. A
higher threshold for treatment of nonthrombotic steno-
sis may be necessary. Additional analysesdideally larger
studies with a control armdof venous occlusive disease
are required to further validate these findings.

Dana Bentley (Syntactx, New York, New York) partici-
pated in the writing and technical editing of the
manuscript.
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Supplementary Table (online only). Inclusion and exclusion criteria

Inclusion

Must be $18 to #85 years of age

Willing to participate in and able to understand, read, and sign the informed consent before the procedure

CEAP classification of C4, C5, or C6, with the number of C4 and C5 patients not exceeding 50

Duplex ultrasound imaging shows patent common femoral vein, patent deep femoral vein, and/or femoral vein of the study leg

Undergoing iliofemoral and IVC venography with the intent to treat obstructive lesions

Exclusion

Patient cannot or will not provide written informed consent

Previous venous stent implantation involving the study leg or IVC

Previous venovenous bypass surgery involving the study leg

Known metal allergy precluding endovascular stent implantation

Known reaction or sensitivity to iodinated contrast that cannot be managed with premedication

Patients who are pregnant (women of childbearing potential must have a negative pregnancy test within 7 days before
enrollment)

Severe, untreated (and readily treatable) superficial venous reflux (reflux site defined) in great saphenous vein >7mm in diameter,
and/or small saphenous vein >4 mm in diameter

Acute deep venous thrombosis involving either leg

Known history of chronic total occlusion of the common femoral vein of the study leg

Known history of thrombophilia

Venous compression caused by tumor encasement

Venous outflow obstruction caused by tumor thrombus

Life expectancy of <6 months

Elevated baseline blood creatinine

Any concurrent disease or condition that, in the opinion of the investigator, wouldmake the patient unsuitable for participation in
the study

CEAP, Clinical Etiologic Anatomic Pathophysiologic; IVC, inferior vena cava.
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