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Association between the degree of iliac venous outflow obstruction

by intravascular ultrasound and lower limb venous reflux

Patrick Bastos Metzger, PhD, MD,a,b Fabio Henrique Rossi, PhD, MD,c Miguel Godeiro Fernandez, MS,d

Sarah Fernandez Coutinho de Carvalho, MS,d Simone Lessa Metzger, MD,d,e Nilo Mitsuru Izukawa, PhD, MD,c

Antonio Massamitsu Kambara, PhD, MD,c and Patricia Thorpe, MD,f Salvador and São Paulo, Brazil; and Phoenix, AZ
ABSTRACT
Objective: The present study aims to evaluate the association between the degree of iliac venous outflow obstruction
(IVOO) identified by intravascular ultrasound (IVUS) and venous reflux presentation in the lower limbs on duplex ultra-
sound (DU).

Methods: Patients with bilateral chronic venous insufficiency, CEAP (clinical-etiology-anatomy-pathophysiology) C3 to C6,
and a visual analog scale score for pain >5 underwent DU for reflux evaluation of the deep venous system (reflux
$1 second); superficial system, great saphenous vein, and small saphenous vein (reflux $0.5 second); and perforator
system (reflux $0.35 second). All patients underwent IVUS in the iliac venous territory. The area of the impaired venous
segments was categorized as obstruction <50% (category 1), 50% to 79% (category 2), and$80% (category 3). The venous
clinical severity score and reflux multisegment score (RMS) were assessed.

Results: A total of 51 patients (n ¼ 102 limbs; age, 50.53 6 14.5 years; 6 men) were included. The predominant clinical
severity CEAP class was C3 in 54 of 102 limbs (52.9%). The mean VCSS was 14.3 6 6.7. A severe RMS ($3) was registered in
63.4% of the limbs. Of the 102 limbs, 51 (50%) presented with category 1, 27 (26.5%) with category 2, and 24 (23.5%) with
category 3. Previous deep vein thrombosis (DVT) was associated with critical obstruction (odds ratio [OR], 3.65; 95%
confidence interval [CI], 1.29-10.38; P ¼ .015). The superficial and perforator venous systems had no association with the
degree of IVOO. Deep venous reflux (DVR) had a significant association with significant IVOO (obstruction$50%; OR, 6.44;
95% CI, 2.19-18.93; P ¼ .001) and critical IVOO (obstruction $80%; OR, 4.57; 95% CI, 1.70-12.27; P ¼ .003) and a significant
linear association with the IVOO degree and reflux in the femoral veins (P < .001) and popliteal vein (P ¼ .008). Significant
lesions were significantly more likely to develop in the left limb (OR, 5.76; 95% CI, 2.46-13.50; P < .001). After multivariate
analysis, DVR remained a predictor for significant and critical obstruction (P < .003 and P < .012, respectively). Left limb
and previous DVT remained as predictors for IVOO of $50% and $80% (P < .001 and P ¼ .043, respectively).

Conclusions: We found a significant linear association between the degree of IVOO and reflux in the deep venous system
on DU. Limbs with DVR, a severe RMS, loss of respiratory variation on DU, and previous DVT weremore likely to be affected
by IVOO of $50%, especially with left leg involvement. (J Vasc Surg Venous Lymphat Disord 2023;11:1004-13.)
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The diagnosis and treatment of reflux have been the
main focus in managing symptomatic patients with
chronic venous insufficiency (CVI) for more than a cen-
tury.1,2 However, it has been recognized that obstruction
alone can cause symptoms in a small subset of CVI
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patients with post-thrombotic limbs and in those with
primary disease, such as nonocclusive iliac vein lesions.3,4

One pathophysiologic mechanism relating obstruction
to venous reflux might be that increased pressure from
the central obstructions leads to increased
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ARTICLE HIGHLIGHTS
d Type of Research: A single-center, cross-sectional
study of prospectively randomized collected data

d Key Findings: The prevalence of iliac venous outflow
obstruction (IVOO) of $50% was 50% (51 of 102
limbs) and $80% was 23.5% (24 of 102 limbs) in pa-
tients with CEAP (clinical-etiology-anatomy-patho-
physiology) class C3 to C6 disease. The independent
predictors of IVOO $50% were deep venous reflux
(DVR) and severe reflux multisegment score ($3).
For IVOO of $80%, the loss of respiratory variation
in the common femoral vein, the presence of DVR,
and previous deep vein thrombosis were significantly
associated. Also, a significant linear association was
found between the degree of IVOO and the pres-
ence of DVR.

d Take Home Message: Investigation for IVOO obstruc-
tion of $50% should be performed in symptomatic
patients with CEAP class C3 to C6, especially with
duplex ultrasound demonstrating DVR, a loss of res-
piratory variation in the common femoral vein, severe
reflux multisegment score ($3), and history of deep
vein thrombosis in the affected leg, especially with
left leg involvement.
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pressurization, resulting over time in compromise to the
peripheral vein valves.4,5 This leads to venous hyperten-
sion in the lower extremity, contributing to clinical symp-
toms such as varicose veins, swelling, leg heaviness,
lipodermatosclerosis, and venous ulcers in 15% after 5
years of follow-up.5,6

In this context, a meaningful correlation between iliac
venous outflow obstruction (IVOO) and lower limb reflux
presentation can be proposed, reinforcing the effects of
proximal venous disorders on CVI origin and severity.7,8

The relationship between obstruction and reflux, espe-
cially deep venous reflux (DVR), has not been well char-
acterized.9 Clinical benefit has also been reported for
patients with CVI after the treatment of proximal venous
lesions,7-10 especially iliac vein stenting.11,12

The standard test for lower limb reflux, acute deep vein
thrombosis (DVT), and CVI diagnosis is duplex ultrasound
(DU) because DU is a noninvasive and easy-to-perform
test with high accuracy to detect and quantify reflux.13

However, for IVOO, the inaccuracy of single planar trans-
femoral venography in the delineation of the obstruction
has been increasingly recognized.14 Intravascular ultra-
sound (IVUS) is an imaging modality able to delineate
the venous wall architecture and precisely measure the
lumen diameter and area.14,15 Consequently, IVUS pro-
vides renowned benefits for the diagnosis and manage-
ment of iliofemoral venous disorders.16-18

The present study aims to evaluate the association be-
tween the degree of iliac venous obstruction found on
IVUS and venous reflux presentation in lower limbs eval-
uated by DU to achieve a better understanding of the
relationship between these disorders and early suspicion
of IVOO with CVI evaluation.11,19

METHODS
From February 2013 to August 2014, 58 patients with

bilateral lower limb (n ¼ 116) CVI (CEAP [clinical-
etiology-anatomy-pathophysiology] class C3-C6) and a
score >5 for complaints or pain assessed using the visual
analog scale (VAS) were evaluated.20 The VAS is a vali-
dated, subjective measure for acute and chronic pain,
with the score recorded by marking a 10-cm line that
represents a continuum between "no pain" and "worst
pain.”20 All 58 patients had undergone noninvasive treat-
ment (drug therapy for CVI and elastic compression
therapy) for$1 year with no relief of symptoms. The num-
ber of analyzed patients corresponds to 28% of the
patients evaluated for CVI by us during the study period.
Patients with limb symptoms of nonvenous etiology, pa-
tients with only unilateral involvement, and patients with
bilateral CVI but with a VAS score of #5 were excluded.
Bilateral involvement was an inclusion criterion to avoid
an invasive evaluation with IVUS for healthy limbs. In
addition, another two patients were excluded because
of morbid obesity (body mass index >40 kg/m2), three
patients because of renal insufficiency (creatinine
clearance <30 mL/min/1.73 m2), and two because of
concomitant chronic lower limb ischemia. Thus, the
study enrolled 51 patients (102 limbs). All the patients
provided written informed consent, and the institutional
review board approved the present study, which was
registered in ClinicalTrials.gov (NCT02240914).

The venous clinical severity score (VCSS) was assessed
for each patient, and the limbs were classified using
the revised CEAP classification.21 The lower limb’s super-
ficial, perforator, and deep venous systems were evalu-
ated by DU. Subsequently, all 51 patients underwent
venography and IVUS on the same day. Two different ex-
aminers, who were unaware of the other’s findings, per-
formed DU and IVUS. Each limb was considered
separately in all statistical evaluations.

Venous DU. DU evaluation was performed with linear
transducers of 10 to 13 MHz (AplioXV; Toshiba), as previ-
ously described by Labropoulos et al22 and Metzger
et al.13 The examination was performed with the patient
in the upright position to evaluate the presence of reflux
in the superficial venous system (reflux time,
$0.5 second) and deep venous system ($1 second) in the
lower limbs. Venous reflux in the perforating system
($0.35 second) was evaluated using a rapid inflation/
deflation system (E20 Rapid Cuff Inflator and AG101 Cuff
Inflator Air Source; Hokanson Inc).23 Venous obstruction
was evaluated with the patient in the supine position
through compression maneuvers and examination of

http://ClinicalTrials.gov


Fig 1. Assessment of left common iliac vein stenosis with intravascular ultrasound (IVUS). A, Area at site of stenosis
(A1). B, Area at common iliac vein bifurcation (A2). a, Right common iliac artery; CIV, common iliac vein.
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flow patterns with augmentation that allowed for iden-
tification of acute or chronic venous obstruction. The
characteristics of the waveforms were analyzed in the
common femoral vein (CFV).

The reflux in each limb was categorized according to
the reflux multisegment score (RMS).1,24 Reflux in the
great saphenous vein (GSV) above the knee, GSV below
the knee, small saphenous vein, perforator veins, femoral
veins, deep femoral veins, and popliteal veins were each
given a score of 1. The total reflux score for the limb was
calculated (maximum score, 7). Next, we categorized
each limb as presenting with moderate reflux (RMS <3)
or severe reflux (RMS $3).1

IVUS examination. Bilateral venous access (femoral or
popliteal) was performed using ultrasound. The vein
anatomy and obstruction zones were evaluated with
digital subtraction venography, followed by bilateral
IVUS. The 9F Sonicath Ultra 6 IVUS system (Sonicath Ul-
tra; Boston Scientific) was inserted into the venous
segment through the appropriate sheath size. Images
were obtained with catheter pullback from the infrarenal
cava to the femoral veins to assess the venous size, de-
gree of stenosis, and presence of intraluminal lesions.11,13

The built-in software program measured the
obstructed areas at the maximum compression point
and the healthy vein below the stenosis. Neglén et al15

recognized that the nonconcentric shape of the iliac
vein makes measuring its diameter difficult and that
the area measurements must be more precise. In the
present study, the degree of obstruction was recorded
using the following formula: 100 � (100 � A1/A2), where
A1 is the area at the point of maximum compression,
and A2 is the area at the common iliac vein confluence
caudal to the obstruction (Fig 1).
The common iliac vein confluence caudal to the

obstruction was used as the denominator for several rea-
sons.15,25 First, the area of the iliac vein immediately
caudal to the obstruction site is typically free from
compression by surrounding structures and sustains a
nearly circular shape. Second, in some cases, the location
of the arterial crossing over the iliac vein is near the vena
cava confluence, leaving little or no space to measure the
diameter of the cranial iliac vein. Third, the cranial iliac
vein segment near the confluence is often considerable,
which would result in an overestimation of the proper
degree of obstruction.
When the entire iliac vein was affected, the area in the

stenotic segment was compared with that of the contra-
lateral vein if it appeared free from obstruction.15 If both
iliac veins were affected, the area was compared with the
normal iliac vein area of 150 mm2 (r ¼ 6.5 mm).1,15

The degree of iliac vein compression or obstruction was
then qualitatively classified into three categories:
obstruction <50% (category 1), 0% to 49%, category 2;
50% to 79%, and category 3, $80% (Fig 2, A-E).11,13,19 If
venography showed occlusion, the iliac vein was classi-
fied as category 3. Iliac venous stenting was performed
in all patients in whom IVUS found significant IVOO
(obstruction of $50%).11



Fig 2. Venography, categories of obstruction on intravascular ultrasound (IVUS), and evaluation of venous flow
phasicity. A, Iliocaval venography. B, Area of point of maximum compression in right iliac vein. C, Area of right
common iliac vein confluence. D, Area of point of maximum compression in left iliac vein. E, Area of left common
iliac vein confluence. F, Phasic waveform in common femoral vein. G, Monophasic waveform in common femoral
vein.
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Calculation of sample size and power of the study. As
described by Marston et al,26 we used a prevalence of
23% of $50% IVOO in the general population with CVI
and an estimated superior limit of 37% in the studied
population, because the study was performed at a ter-
tiary center with a higher prevalence of patients with
advanced disease. Based on data reported by Metzger
et al,13 for an estimated difference in the femoral velocity
index of 0.1 on DU (the index between the maximum
velocity of the femoral veins between patients with and
without significant IVOO) and applying the Wilcoxon-
Mann-Whitney test, we estimated a total sample of 64
limbs would be needed for a power of 95% with a
standard deviation of 0.1.
Statistical analysis. Data from clinical and complemen-
tary evaluations were entered prospectively into an elec-
tronic medical record program. Unless otherwise
indicated, continuous data were entered as the
mean 6 standard deviation and analyzed using a t test
or nonparametric Wilcoxon rank test, depending on
normality. Fisher’s exact test was used to investigate
the association between deep, superficial, and perfo-
rating venous reflux with the categories of iliac venous
obstruction diagnosed by IVUS. The Kappa index was
used to evaluate the degree of agreement between the
C class of the CEAP classification and the RMS. The per-
formance of RMS in detecting significant IVOO was
assessed by the receiver operating characteristic (ROC)



Table I. Patient characteristics

Parameter Value

Age, years

Mean 6 SD 50.53 6 14.5

Median (range) 51 (25-77)

BMI, kg/m2

Mean 6 SD 28.6 6 5.55

Median (range) 27.6 (19.6-40.0)

Pregnancies, No.

Mean 6 SD 2.66 6 1.96

Median (range) 2 (0-7)

OCP use 14 (13.7)

Race

White 58 (56.6)

Black 12 (11.8)

Mixed 32 (31.6)

VCSS

Mean 6 SD 14.3 6 6.7

Median (range) 14 (5-26)

CEAP class

C3 54 (52.9)

C4 21 (20.6)

C5 9 (8.8)

C6 18 (17.6)

Previous DVT 20 (19.6)

BMI, Body mass index; DVT, deep vein thrombosis; OCP, oral contra-
ceptive; SD, standard deviation; VCSS, venous clinical severity score.
Data presented as number of limbs (%), unless noted otherwise.
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curve and area under the ROC curve (AUC). The selection
of the cutoff point was determined by the best value of
sensitivity and specificity.
Logistic regression was performed to determine the in-

dependent association of risk factors with the presence
of IVOO. Significant predictors on univariate analysis
were also evaluated in a multivariate model. Odds ratios
(ORs) were calculated from the parameters with the 95%
confidence intervals (CIs). The commercially available
SPSS program, version 19.0 (IBM Corp) was used for sta-
tistical analysis. The results are reported using P values,
and P < .05 was considered statistically significant.

RESULTS
Most of the patients were women (88.2%) and White

(56.6%), with an average age of 50.53 6 14.5 years (range,
25-77 years). All previous DVTs were in the iliac (50%) or
femoropopliteal (50%) veins. The main clinical data and
CVI CEAP class are shown in Table I. The presence and
location of venous reflux on DU, RMS, and distribution
of $50% IVOO localization are shown in Table II.

Venous reflux and clinical severity. DVR was present in
26 of the 102 limbs (25.5%). The CEAP class for these 26
limbs was C3 in 4 (15.38%), C4 in 6 (23%), C5 in 7
(26.9%), and C6 in 9 (34.6%). Axial DVR was more preva-
lent in limbs with CEAP class C5-C6 (61.5%).
We evaluated the RMS and observed that 75 of 102

limbs (73.5%) showed reflux. The score ranged from 1 to
7. Moderate reflux (RMS <3) was demonstrated in 29
limbs (38.6%), with severe reflux (RMS $3) in 46 (61.4%).
Significant agreement was found between the clinical
CEAP class and the RMS (kappa ¼ 0.603; P < .001).

Venous reflux and IVOO degree. Venography showed
that 10 limbs (9.8%) were occluded. Regarding the classi-
fication of the degree of obstruction, 51 limbs (50%) were
category 1 (obstruction, <50%), 27 (26.5%) were category
2 (obstruction, 50%-79%), and 24 (23.5%) were category 3
(obstruction, $80%). The left/right ratio for significant le-
sions was 2.4:1.
Monophasic waveforms were present in limbs with

category 2 and category 3 (7.7% vs 62.5%; P < .001) but
not in limbs with category 1. The presence of monophasic
waveforms demonstrated high accuracy in discrimi-
nating against critical obstruction ($80%; Fig 2, F and
G; Supplementary Table, online only).
Univariate analysis of the reflux in the superficial, perfo-

rator, and deep venous systems identified by DU with an
IVOO of $50% and $80% showed that only the deep
venous system demonstrated a significant association
(P < .001). Previous DVT was associated with critical
obstruction (OR, 3.65; 95% CI, 1.29-10.38; P ¼ .015), and
left limbs were associated with both significant and crit-
ical obstruction (P < .001 and P < .049, respectively). After
multivariate analysis, DVR remained a predictive factor
for significant and critical obstruction (P < .003 and
P < .012, respectively). Previous DVT remained a predic-
tive factor for IVOO of $80% (OR, 3.16; 95% CI, 1.04-9.37;
P ¼ .043), and lesions in the left limb remained a predic-
tive factor for IVOO of $50% (P < .001; Table III).
A positive linear association was found between the de-

gree of IVOO and DVR evaluated in the femoral veins
(P < .001) and popliteal vein (P ¼ .008). No association
was found between the degree of venous obstruction
and reflux in the superficial venous system (GSV,
P ¼ .546; small saphenous vein, P ¼ .235) or perforator sys-
tem (P ¼ 1.0; Supplementary Fig, A, online only). In partic-
ular, patients with axial DVR (femoral and popliteal veins)
were more likely (OR, 5.25; 95% CI, 1.07-25.66; P ¼ .041) to
be affected by significant IVOO. Significant lesions were
also more likely (OR, 5.76; 95% CI, 2.46-13.50; P < .001)
to occur in the left limb.

RMS and IVOO. The RMS evaluation revealed different
mean values for patients with and without significant
IVOO (2.73 6 1.98 vs 1.94 6 1.76; P ¼ .037). A ROC curve
to evaluate RMS accuracy in detecting significant iliac
venous lesions showed an AUC of 0.616 (95% CI, 0.506-
0.725; P ¼ .044; Supplementary Fig, B, online only).



Table II. Reflux and distribution of significant iliac venous
outflow obstruction locations

Parameter Value

Venous reflux on DU

Femoral veins 21 (20.6)

Popliteal vein 16 (15.7)

Great saphenous vein 57 (55.9)

Small saphenous vein 30 (29.4)

Perforator vein 51 (50)

Type of reflux

DVR alone 4/26 (15.4)

DVR plus superficial reflux 5/26 (19.2)

DVR plus perforator reflux 2/26 (7.7)

DVR plus superficial and perforator reflux 15/26 (57.7)

Axial deep reflux 11/26 (42.3)

Reflux multisegment score

1 7 (6.9)

2 22 (21.6)

3 20 (19.6)

4 13 (12.7)

5 5 (4.9)

6 6 (5.9)

7 2 (2)

IVOO $50% location

Left common iliac vein 34 (33.3)

Right common iliac vein 13 (12.7)

Left external iliac vein 2 (1.96)

Right external iliac vein 2 (1.96)

Bilateral common iliac veins 20 (19.6)

DU, Duplex ultrasound; IVOO, iliac venous outflow obstruction.
Data presented as number (%) or number/total (%).
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Evaluating the RMS for the deep venous assessment,
higher accuracy was identified for both significant le-
sions (AUC, 0.657; 95% CI, 0.551-0.764; P ¼ .006) and
critical lesions (AUC, 0.661; 95% CI, 0.528-0.794; P ¼ .017;
Supplementary Fig, C and D, online only).

Investigation algorithm. We developed an investiga-
tion algorithm for CVI patients with symptomatic CEAP
class C3 to C6 (Fig 3). In a symptomatic patient with
previous axial DVT in the left limb and with DVR, DVT, or
a severe RMS ($3) found on DU, cavoiliac DU or
computed tomography venography should be per-
formed to evaluate for IVOO. If the study findings are
negative for IVOO, or a loss of respiratory variation is
found in the CFV, a workup for IVOO, consisting of
venography with IVUS, should be considered. However, if
no DVR, no loss of respiratory variation in the CFV, or no
previous DVT is found on DU, no workup for IVOO is
necessary. In our study, none of the legs without one or
more independent risk factors had significant IVOO.
DISCUSSION
The degree of IVOO attested by IVUS is associated with

worse limb venous reflux, especially in the deep system.
A severe clinical CVI presentation and its evaluation by
DUmight allow for early suspicion of IVOO before the pa-
tient requires further invasive intervention.
Reflux is considered the dominant pathology in patients

with CVI.27 Venous reflux generated by valvular incompe-
tence, especially in the deep venous system, is often found
in patients with advanced CVI.28 In the present study, the
occurrence of reflux in the deep venous system was
25.5%, and 61.3% of the limbs demonstrated severe reflux
(RMS, $3). We found a significant positive correlation be-
tween the RMS and the clinical CEAP classification
(r ¼ 0.603; P < .001).23 Thus, a worse RMS for venous reflux
of the limb is associated with a more advanced CVI class.
Raju et al,1 in a retrospective study, found a 33% preva-
lence of DVR and a 59% prevalence of severe reflux
(RMS $3) in 528 analyzed limbs with CEAP class C3 to
C6 and CEAP class C2 with a VAS score of $5.
IVOO has been increasingly recognized as an important

etiologic factor for CVI. It can present acutely (iliofemoral
DVT) or cause chronic disabling CVI symptoms, including
edema, leg heaviness, lipodermatosclerosis, pain, vari-
cose veins, and ulceration, and venous hypertension.1,29-31

The recognition of its importance and a better under-
standing of pelvic venous disorders are increasing glob-
ally.32-34 For IVOO evaluation, single planar transfemoral
venography was considered the gold standard but has
since been continuously defined as inaccurate. The
extent and severity of obstructive lesions appear worse
using IVUS than using venography, and severe obstruc-
tion can remain undetected using venography.35,36

Contrast dye injection can hide details, such as intralumi-
nal webs, and, on average, venography underestimates
the stenosis degree by 30%.15 We found a prevalence of
IVOO of $50% in 51 of 102 limbs (50%) and of $80% in
24 of 102 limbs (23.5%).
No accurate noninvasive or invasive hemodynamic tests

are available for defining when venous obstructions
become critical, and the diagnosis of occlusive or nonoc-
clusive obstructions is based on morphologic studies.
Venous obstructions of $50% are considered significant,
arbitrarily determined by the clinical outcomes.1,2 Never-
theless, recent studies have reported that the degree of
iliac obstruction can categorize significant IVOO
($50%): 50% to 79% and $80% using invasive and
noninvasive methods.11,13,19,26

Several reports have suggested an obstructive compo-
nent is commonly present in limbs with CVI of both
post-thrombotic and nonthrombotic etiologies.2,37 In
limbs with a primary nonthrombotic disease, obstructive
lesions occur at arterial crossover points, not only at the
“classic” proximal location,38 but also at distal locations,
including the hypogastric artery crossing and behind



Table III. Univariate and multivariate analysis results stratified by reflux on duplex ultrasound and significant ($50%) and
critical ($80%) iliac vein outflow obstruction (IVOO) on intravascular ultrasound

Analysis

IVOO $50% IVOO $80%

OR (95% CI) P value OR (95% CI) P value

Univariate

Superficial venous reflux 1.30 (0.57-2.95) .532 1.36 (0.50-3.68) .544

Perforator venous reflux 1.27 (0.58-2.75) .553 0.80 (0.32-2.01) .641

DVR 6.44 (2.19-18.93) <.001 4.57 (1.70-12.27) <.003

Previous DVT 2.15 (0.78-5.94) .140 3.65 (1.29-10.38) <.015

Left limb 5.76 (2.46-13.5) <.001 2.69 (1.03-6.41) <.049

Multivariate

DVR 5.74 (1.80-18.27) <.003 3.75 (1.34-10.50) <.012

Previous DVT 1.41 (0.43-4.593) .56 3.16 (1.04-9.37) <.043

Left limb 5.28 (2.13-13.09) <.001 1.84 (0.66-5.14) .24

CI, Confidence interval; DVR, deep venous reflux; DVT, deep vein thrombosis; OR, odds ratio.
Boldface P values represent statistical significance (P < .05).
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the inguinal ligament.2 In the present study, the most
frequent point of significant obstruction was the cranial
common left iliac vein in 33.3% of the limbs; however,
in 16.6% of the cases, other iliac vein segments were
obstructed. The left/right ratio in the present study was
2.4:1. In a retrospective study of 528 patients, Raju et al1

observed a left/right ratio of 2:1. In a consecutive study
of 304 limbs, Neglén et al15 found a ratio of 2.7:1. These
findings demonstrate that obstruction caused by iliac
vein compression syndrome or thrombosis can occur in
Fig 3. Investigation algorithm for patients with chronic ve
ical-etiology-anatomy-pathophysiology) class C3 to C6. CFV
venography; DU, duplex ultrasound; DVR, deep venous r
outflow obstruction; IVUS, intravascular ultrasound; RMS, r
sites other than the classic crossover point at the right
common iliac artery and left common iliac vein, as
described by May and Thurner39 and Cockett et al.40

We found that 50% of the studied limbs had $50%
IVOO and 23.5% had $80% IVOO when verified by
IVUS. Raju and Neglen2 found that IVUS-detectable le-
sions are present in >90% of CVI patients, demonstrating
a high prevalence of iliac obstruction and the impor-
tance of IVOO screening in highly symptomatic patients
with CVI.
nous insufficiency (CVI) with symptomatic CEAP (clin-
, Common femoral vein; CTV, computed tomography
eflux; DVT, deep vein thrombosis; IVOO, iliac venous
eflux multisegment score.
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Some studies have suggested a peak systolic velocity
ratio of >2.5 across stenosis at the common iliac vein to
be the most accurate variable for determining the pres-
ence of significant IVOO.13,22 However, abdominal DU
could be subject to limitations exerted by body habitus
or intestinal gas. Indirect findings from DU, such as loss
of respiratory variation within the CFV, could be sugges-
tive of significant IVOO.13 Monophasic waveforms result
from dampened transmission of fluctuating intratho-
racic pressures to distal venous structures. The loss of
the phasic variation can result from (1) iliac nonocclusive
thrombus; (2) extrinsic compression; (3) intrinsic luminal
narrowing; or (4) cardiac factors or other causes.41 Lin
et al,41 in a retrospective study, showed that 124 limbs
had monophasic waveforms in the CFV, with iliac venous
thrombosis the most common cause (38%). However,
36% had no discernable explanation for the loss of phasic
variation. In our study, monophasic waveforms were pre-
sent in 62.5% of the limbs categorized with IVOO of
$80% and in just 7.7% of the limbs (two limbs) catego-
rized with IVOO of 50% to 79%. Monophasic waveforms
were the result of iliac venous thrombosis in 10 of 17
limbs (58.8%), extrinsic compression (35.3%), and intrinsic
narrowing (5.9%). The loss of respiratory variation in the
CFV had high specificity (100%) and a high positive pre-
dictive value but low sensitivity (34%) and a low negative
predictive value for the detection of IVOO of $50%,
similar to findings reported by other investigators.28,42,43

However, for critical IVOO of $80%, the detection of
monophasic waveforms showed better sensitivity
(62.5%), with high specificity (97.4%), positive predictive
value (93.4%), and accuracy (89.1%), suggesting that the
loss of respiratory variation in the CFV better detected
critical IVOO.
Neglén et al37 conducted a retrospective study of 429

patients with CVI and proximal venous obstruction alone
and others with associated venous reflux. They demon-
strated that patients with signs of obstruction and reflux
had a worse clinical presentation and RMS compared
with the proximal obstruction group alone.37 Proximal
venous obstruction aggravated the patients’ symptoms
but did not worsen their reflux. Pergamo et al,10 in a
retrospective study of 275 patients who underwent iliofe-
moral stenting for venous obstruction, 58 had DVR
before intervention, and 17 of those 58 patients experi-
enced resolution of their reflux after the procedure
(P ¼ .0001). Pergamo et al10 suggested that iliofemoral
stenting might improve DVR.
Marston et al,26 in a cross-sectional study of 78 limbs

(CEAP class C5-C6), investigated the origins of reflux
and obstruction and categorized IVOO into three cate-
gories, just as in our study. DVR and a history of DVT
were associated with a high incidence of critical IVOO
(obstruction of $80%). Therefore, it was postulated that
patients with persistent DVR are more likely to experi-
ence major iliofemoral DVT associated with IVOO,
resulting in a higher incidence of leg ulceration
compared with that in patients with superficial involve-
ment. In the present study, the left leg and DVR were
identified as independent predictors of IVOO of $50%,
and previous DVT demonstrated an association with
IVOO of $80% (P ¼ .015). In addition, O�guzkurt et al43 re-
ported an increased average percentage of iliac vein
obstruction in patients presenting with left leg DVT
compared with asymptomatic controls. Other studies
also found previous DVT to be a risk factor.11,28,44

Our study showed a significant linear association be-
tween the degree of IVOO and the presence of axial
DVR evaluated in the femoral and popliteal veins. This
reflux was more predominant in limbs classified as
CEAP class C5 to C6 (61.5%). It is essential to consider
proximal venous obstruction as a contributing factor for
all patients with CVI, even if reflux in the deep venous sys-
tem is evident and venous obstruction is not apparent.1,37

Study limitations. The present study is limited by its
cross-sectional design and sample size, which might
impair the detection of significant independent factors.
In accordance with the recommendations in the current
guidelines for investigating CVI, we identified venous
reflux using the reflux time only.45,46 Previous studies
have suggested that the quantification of reflux,
including both reflux flow and velocity, is better than the
reflux time alone for determining the clinical severity of
venous reflux.47,48 Further studies to compare these two
different methods of quantifying venous reflux are
warranted.
CONCLUSIONS
We found a significant linear association between the

degree of IVOO and reflux in the deep venous system
in lower limbs using DU. Limbs with DVR, a severe RMS,
the loss of respiratory variation on DU in the CFV, and pre-
vious DVT were more likely to be affected by significant
and critical IVOO, especially with left leg involvement. A
severe clinical CVI presentation (CEAP C3-C6) and evalu-
ation using DU might allow for early suspicion of signifi-
cant IVOO (>50%) before the patient requires further
invasive intervention.
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APPENDIX (online only).
Supplementary Fig (online only). A, Linear association between severity of iliac venous outflow obstruction
(IVOO) on intravascular ultrasound and venous reflux locations in the lower limb. B, Receiver operating charac-
teristic (ROC) curve for evaluation of refluxmultisegment score (RMS) for detection of IVOO of$50%. C, ROC curve
for evaluation of deep venous reflux for detection of IVOO of $50%. D, ROC curve for evaluation of deep venous
reflux for detection of IVOO of $80%.

Supplementary Table (online only). Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy
of presence of monophasic waveform

Phasicity S % E % PPV % NVP % A % IVOO %

Present 62.5 97.4 93.4 81.6 89.1 $80

Absent 34 100 100 72 67.3 $50

A, Accuracy; E, specificity; IVOO, iliac venous outflow obstruction; NVP, negative predictive value; PPV, positive predictive value; S, sensitivity.
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