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Comparison of intravascular ultrasound and magnetic resonance
venography in the diagnosis of chronic iliac venous disease
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ABSTRACT

Background: The diagnosis of chronic iliofemoral venous obstruction (CIVO) can be made with several different
modalities. Intravascular ultrasound (IVUS) examination is the gold standard in the diagnosis of CIVO. However, being
invasive, it should not be the initial examination to screen patients with CIVO. The aim of this report is to compare the
performance of magnetic resonance venography (MRV) with IVUS examination in the diagnosis of CIVO.

Methods: From January 2016 to December 2020, the records of all patients who underwent preoperative MRV and then
IVUS in the evaluation of CIVO were analyzed retrospectively.

Results: There were 505 patients who were evaluated by any modality for CIVO. Of these patients, 15% (78) were eval-
uated by MRV. Patients who had failed a trial of conservative therapy for at least 3 to 6 months and who had disabling
and lifestyle-limiting symptoms of CIVO were selected to undergo further evaluation with MRV at the treating physician’s
discretion. For inclusion in analysis, technically satisfactory IVUS examination and MRV data were mandatory. Data was
available for 60 common iliac vein (CIV) segments and 61 external iliac vein (EIV) segments for comparative analysis after
appropriate exclusions. The mean age of the patients was 56 = 15 years. The male to female ratio was 1:2. The distribution
of patients across different CEAP classes was as follows: CEAP 3, 28%; CEAP 4, 62%; CEAP 5, 2%; and CEAP 6, 8%. Bland-
Altman plots of the mean difference in area between IVUS examination and MRI were 74.1% for CIV and 56.9% for EIV.
The sensitivity of MRV was 93% and 100%, and the specificity was 0% and 50% for CIV and EIV, respectively. The positive
predictive value was 93% and 86%:; the negative predictive value was O and 50% for CIV and EIV, respectively.
Improvement was noted in clinical parameters (Venous Clinical Severity Score, visual analog pain scale, and grade of
swelling) after IVUS examination and stenting after MRV. For the Venous Clinical Severity Score, the score improved from
6.0 = 2.7 (before the procedure) to 4 + 2.7 (after the procedure) (P = .0001).

Conclusions: There is dimensional disparity between MRV and IVUS examination in the diagnosis of symptomatic CIVO.
MRV has a high sensitivity but low specificity when compared with IVUS examination and overestimates the severity of
the stenosis in both the EIV and CIV. MRV is not a reliable diagnostic tool for iliac vein stenosis and should not be used for
the definitive disposition of patients with CIVO. (J Vasc Surg Venous Lymphat Disord 2022;10:1066-71.)
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The importance of venous outflow obstruction in
chronic venous disease has been increasingly recognized
over the last two decades' This has led to improvements
in corresponding imaging modalities. The diagnosis of
venous outflow obstruction can be made with several
different modalities. Intravascular ultrasound (IVUS) ex-
amination is a highly sensitive diagnostic modality that
provides real-time cross-sectional venous anatomy and
defines the morphology of chronic iliofemoral venous
obstruction (CIVO). In addition to guiding stent sizing, it
provides vital information regarding the proximal and

distal extent for venous stenting.” IVUS examination is su-
perior to venography in the diagnosis of CIVO.® Venog-
raphy underestimates and misses stenotic lesions
compared with IVUS examination. It also misidentifies
the location of the iliac-caval confluence when
compared with IVUS examination. In the VIDIO trial,
IVUS examination led to a revision in treatment plans
in 57% of patients because venography failed to detect
a significant lesion.”

However, IVUS examination may not be universally
available, is an invasive modality and involves some
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radiation exposure. Thus, it should not be the initial test
in patients with chronic venous insufficiency in whom
CIVO is suspected. Ultrasound examination is a
commonly used modality in CIVO, but tends to have sig-
nificant dimensional disparity with IVUS examination.®
Other drawbacks of ultrasound examination include
operator dependence, limited ability to visualize venous
anatomy owing to obesity, vessel depth, tortuous venous
trajectory, bowel gas, or acoustic shadowing. Thus, there
is a need to identify a reliable, noninvasive imaging mo-
dality that can be used to select patients for
intervention.'”

Some literature is now available on the comparison of
computed tomography venography (CTV) and IVUS in
patients with CIVO."”° However, reports comparing
magnetic resonance venography (MRV) with IVUS exam-
ination in CIVO are limited.'®"" The aim of this report is to
compare the performance of MRV with IVUS examina-
tion in the diagnosis of CIVO.

METHODS

Study design and setting. From January 2016 to
December 2020, records of all patients who underwent
IVUS examination and preoperative MRV in the evalua-
tion of CIVO were included. This is a single-center study
(three surgeons) at a specialty venous clinic at a tertiary
care hospital. Informed consent was obtained from all
patients for the described procedures and imaging.
Institutional review board permission was granted for
publication of de-identified patient data from the study.

Inclusion criteria. Patients who had failed a trial of con-
servative therapy for at least 3 to 6 months including
compression stockings and who had disabling or life-
style limiting symptoms of CIVO were selected to
undergo further evaluation with MRV at the treating
physician’s discretion. For inclusion in analysis, techni-
cally satisfactory IVUS examination and MRV data were
mandatory.

Exclusion criteria. Patients with acute deep venous
thrombosis, chronic total occlusions, magnetic reso-
nance imaging (MRI) unsafe metallic implants, severe
claustrophobia, a contrast allergy to gadolinium,
advanced renal disease, and less than 1 year of postpro-
cedure follow-up data or loss to follow-up were
excluded from the cohort. In addition, patients who had
catheter-based venography or CTV performed as part of
preoperative workup (instead of MRV) or who had
missing borders of stenotic lesions on IVUS examination
were also excluded from this study. The missing borders
on IVUS examination are related to its lack of a centering
mechanism, causing it to tilt at venous confluences.”

Data collection. Data were collected on the following
variables: age, gender, type of venous lesion on IVUS ex-
amination (post-thrombotic, nonthrombotic), CEAP
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ARTICLE HIGHLIGHTS

+ Type of Research: Single-center retrospective study

- Key Findings: Magnetic resonance venography
(MRV) has a high sensitivity but low specificity in
the diagnosis of symptomatic obstructive chronic
venous disease when compared with intravascular
ultrasound (IVUS) examination.

- Take Home Message: There is dimensional disparity
between MRV and IVUS examination in the diag-
nosis of symptomatic iliofemoral venous stenosis.
MRV seems to overestimate the severity of the steno-
sis when compared with IVUS for both iliac venous
segments (common iliac vein and external iliac
vein). Because of the large variance in stenosis
severity with MRV, IVUS examination should remain
the final tool that determines the morphologic diag-
nosis of iliofemoral venous stenosis.

class, clinical presentation, IVUS planimetry, MRV mea-
surements, follow-up, and complications.

MRV. Unenhanced time-of-flight of the pelvis was ob-
tained using GE 1.5 Tesla MRI machine and then multi-
planar rotatable maximum intensity projection
reconstructions of the vasculature were performed of the
pelvis data. Subsequently, approximately 20 mL of
intravenous gadolinium contrast material was injected
via venous access at the level of the antecubital fossa and
coronal thin slice post contrast T1 weighted fat saturated
sequences of the pelvis were obtained. Multiplanar
rotatable maximum intensity projection reconstructions
of the postcontrast T1 dataset were then performed.
Imaging of abdomen and pelvis was started immedi-
ately after the injection of gadolinium without delay. On
average, each MRV scan took approximately 30 minutes
to complete (Supplementary Figs 1 and 2, online only).
The MRV scans were read by one of the vascular radiol-
ogists on rotation (five radiologists) with venous experi-
ence who were blinded to the IVUS findings. The results
were reported according to a uniform outline.

IVUS examination and procedural details. Details of
IVUS examination have been described in detail previ-
ously.""? Briefly, ultrasound-guided venous access was
obtained via the femoral vein in the mid to lower thigh.
After the performance of single-plane venography, Vi-
sions PV .035 IVUS catheter (Phillips Volcano, San Diego,
CA) was used to measure minimal luminal areas of
external iliac vein (EIV) and common iliac vein (CIV).
Venous stenosis was diagnosed on IVUS if the cross-
sectional areas of EIV and CIV were less than 150 mm?
(diameter 14 mm) and less than 200 mm? (diameter
16 mm), respectively. Such stenosis was treated in the
setting of lifestyle-limiting symptoms after the failure of
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Table I. Patient demographics (n = 61 patients)

Characteristic Mean *+ SD (range) or No. (%)

Age, years 56 = 15 (18-80)
Male:female 12
Left:right 4:2
NIVL:PTS:mixed 2:31
CEAP class

0-2 o]

3 17 (28)

4 38 (62)

5 1(2)

6 5 (8)

CEAP, Clinical, Etiology, Anatomy and Pathophysiology; NIVL, non-
thrombotic iliac vein lesion; PTS, post-thrombotic syndrome; SD,
standard deviation.

conservative therapy with angioplasty and endovenous
stenting.

Calculation of areas on IVUS examination and MRV.
Areas of less than 150 mm? and less than 200 mm? were
considered as diagnostic of venous stenosis for EIV and
ClV, respectively, for both MRV and IVUS examination.
IVUS planimetry software was used to compute the
area of the venous segment. The narrowest area point
of the CIV and EIV was traced with an electronic pen.’
For the MRV, electronic calipers were used to measure
the shortest diameter of the CIV and EIV at their nar-
rowest point. This diameter was then converted to area
for a circle (mr?). Reverse conversion of the IVUS planim-
etry area into diameter for comparison produced a
smaller area than the planimetry and hence was not
used.®

Clinical parameters. Swelling was graded from O to 4
(grade O, none; grade 1, pitting but overall nonobvious;
grade 2, ankle edema; grade 3, gross involving the leg
below the knee; grade 4, gross involving the whole
limb). Patients were asked to rate their pain on a pain vi-
sual analog scale (VAS) from O to 10 in ascending order of
increasing severity. The Venous Clinical Severity Score
(VCSS) was also calculated at every follow-up visit. Data
from the last follow-up visit were used for the purposes of
statistical analysis.'”

Statistical analysis. Statistical analysis was performed
using a commercially available statistics program
(SPSS version 26, IBM Corp, Armonk, NY). Pearson corre-
lation was used to evaluate the correlation between
MRV and IVUS examination. A Bland-Altman analysis
was used to evaluate agreement between IVUS and
MRV measurements. Measures of diagnostic assess-
ment, including sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy were
also determined. A P value of .05 or less was considered
as significant.
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RESULTS

From January 2016 to December 2020 (5 years), 5281
new patients were referred to our center for the evalua-
tion of symptoms of chronic venous disease. Of these pa-
tients, 505 (9.6%) were evaluated by any imaging
modality for CIVO after failure of conservative therapy.
Of these 505 patients, 427 (85%) were evaluated by a
contrast imaging modality other than MRV (CTV, venog-
raphy). Seventy-eight patients (15%) had MRV performed
followed by IVUS examination. Ten patients (13%) who
had both IVUS examination and MRV were excluded
because of missing borders on IVUS examination. Of
these 10 patients with missing borders, 5 (50%) involved
the CIV, 3 (30%) involved the EIV, and 2 (20%) involved
both the CIV and EIV. Five patients (6%) had technically
unsatisfactory MRV data. Two patients (3%) were lost to
follow-up and had less than 1 year of follow-up data.
Finally, data were available for 60 CIV segments and 61
EIV segments for comparative analysis after exclusions.

Demographics. The mean age of the patients was
56 = 15 years. Male to female ratio was 1:2. Other demo-
graphic details are shown in Table I. The mean time
frame between MRV and IVUS examination was 2.0 *
1.5 months.

CEAP classification. Distribution of patients across
different CEAP classes (Table |) was as follows: CEAP 3,
17 (28%); CEAP 4, 38 (62%); CEAP 5,1 (2%); and CEAP 6, 5
(8%).

Area stenosis. Area stenosis was defined as an IVUS
area of less than 200 mm? (diameter 16 mm) for the
CIV 150 mm? (diameter 14 mm) for the EIV.? Using
these values, more than 90% of CIV and more than 80%
of EIV segments were noted to be stenotic by IVUS ex-
amination. However, 7% of CIV and 18% of EIV segments
did not have stenosis per these criteria (Table Il).

Comparison of IVUS examination and MRV. Bland-Alt-
man plots of mean difference in area between MRV and
IVUS were computed (Supplementary Fig 3, online only).
The mean difference was 74.1% for the CIV and 56.9% for
the EIV. Table Il shows a comparison of the means of
minimal areas for the EIV and CIV noted on MRV and IVUS
examination. For all four segments (right CIV, right EIV, left

Table Il. Comparison of magnetic resonance venography
(MRV) vs intravascular ultrasound (/VUS) examination

Control groups CIV (nh=60) EIV(h=26I1)
IVUS stenosis positive control® 56 (93) 50 (82)
IVUS stenosis negative control® 4 (7) 1 (18)

aLumen area/diameter: <200 mm?/16 mm for CIV, <150 mm?/14 mm
for EIV.

PLumen area/diameter: >200 mm?/16 mm for CIV, >150 mm?/14 mm
for EIV.

CIV, Common iliac vein; ElV, external iliac vein.

Values are reported as humber (%).
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Table Ill. Comparison of means of minimal areas for
external iliac vein (EIV) and common iliac vein (CIV) noted
on magnetic resonance venography (MRV) and intravas-
cular ultrasound (/VUS) examination

Venous MRV area IVUS area

segment (mm?) (mm?) P value
L CIV 57 = 60 118 = 89 .0009
L EIV 87 + 39 126 = 47 .0001
R CIV 81 = 39 126 = 27 .001

R EIV 71 = 40 N3 + 30 .0005

ClV, Commmon iliac vein; EIV, external iliac vein; L, left; R, right.
Values are mean = standard deviation. Bold face indicates significant P
values.

ClV, and left EIV), the means measured by MRV were
smaller than IVUS areas with statistically significant P
values for each association. Spearman correlations be-
tween IVUS examination and MRV for CIV and EIV were as
follows: right CIV (r = 0.06; P=8), right EIV (r=0.34, P=2),
left CIV (r = —0.03, P= .8), and left EIV (r = 0.49, P= .002).

Diagnostic statistics. Table IV details the true and false
positives in this patient population. There were four true
negatives for the EIV and none for the CIV. There were
four false positives each for the CIV and the EIV. False
positives occurred because cross-sectional areas were
smaller with MRV when compared with corresponding
areas observed on IVUS examination. There were four
false negatives for the CIV and none for the EIV. Table V
provides further details of diagnostic accuracy
including the sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of MRV
when compared with IVUS examination. The sensitivity
was 93% and 100%, and the specificity was O and 50% for
the CIV and the EIV, respectively. The positive predictive
value was 93% and 86%, and the negative predictive
value was O and 50% for the CIV and the EIV, respec-
tively. The overall accuracy was 86% and 93% for the CIV
and the EIV, respectively.

Clinical parameters. Overall, there was improvement
noted in clinical parameters (VCSS, VAS pain, and edema
grade) after IVUS and stenting after MRV investigation
(Table VI). The mean VCSS score improved from 6 + 2.7
to 4 = 2.7 (P = .0001). The mean visual analog pain score
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improved from 50 * 27 to 3.0 = 3.0 (P = .0001). The
mean grade of swelling improved from 3.0 + 09t0 2.0 *
1.2 (P = .0001).

Follow-up. The median follow was
44 months. The mean follow-up was 56 *= 15 months
(range, 12-75 months).

DISCUSSION

This study showed that MRV lacks dimensional parity
with IVUS examination in the diagnosis of CIVO. There-
fore, its clinical usefulness is limited. It has a high sensi-
tivity but low specificity when compared with IVUS
examination. Although it certainly captures patients
with iliofemoral venous stenosis, it seems to overestimate
the severity of the stenosis when compared with IVUS for
both venous segments (CIV and EIV). Because of the
large variance in stenosis severity observed with MRV,
IVUS should remain the final tool that determines the
diagnosis of CIVO and thus the invasive clinical treat-
ment of patients with CIVO.”

MRV is a noninvasive imaging modality that uses
contrast (gadolinium) and does not use ionizing radia-
tion. In contrast with IVUS examination, MRV does not
have missing venous borders. Approximately 15% to
20% patients who undergo IVUS examination have
missing or incomplete venous borders.” Unlike duplex ul-
trasound examination, there is lack of operator depen-
dence with MRV. Furthermore, unlike venography, it
has an internal scale of reference. It provides multiple
data points related to the various venous system seg-
ments and can shows the direction of flow as well as
the presence of collaterals. It can be considered in preg-
nancy.”">' Postprocessing of MRV data can yield addi-
tional information."

However, the use of MRV is prohibitive in patients with an
allergy to gadolinium, advanced renal disease, or the pres-
ence of certain metallicimplants that are deemed MRl un-
safe. The signal can be degraded by motion or flow
artifacts. Similarly, signal quality may deteriorate in the
presence of very tortuous venous anatomy.® There is also
some evidence that the degree of the venous compression
can fluctuate based on the hydration status of the pa-
tient.® On average, an MRV examination takes longer

Table IV. Magnetic resonance venography (MRV) true and fasle positives and negatives compared with intravascular ul-

trasound (IVUS) examination

Diagnostic MRV stenosis threshold No. True positives True negatives False positives False negatives
CIV area <200 mm? (diameter <16 mm) 58 50 (86) (0} 4 (7) 4 (7)
EIV area <150 mm? (diameter <14 mm) 56 48 (86) 4 (7) 4 (7) 0
CIV area <200 mm? (diameter <16 mm) or EIV 61 57 (93) 0] 4 (7) 0
area <150 mm?
(diameter <14 mm)
P values CIV .09, EIV .09 EIV .04 ClV 9, EIV .9 ClV .04

CIV, Common iliac vein; EIV, external iliac vein.
Bold face indicates significant P values.
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Table V. Diagnostic measures of magnetic resonance venography (MRV) assessment of iliac venous stenosis

Diagnostic MRV

Positive predictive  Negative predictive

stenosis threshold NO. Sensitivity (%)  Specificity (%) value (%) value (%) Accuracy (%)

CIV area <200 mm? 58 93 0] 93 0] 86
(diameter <16 mm)

EIV area <150 mm? 56 100 50 86 50 93
(diameter <14 mm)

CIV area <200 mm? 61 100 0] 93 0] 93
(diameter <16 mm)
or EIV area <150 mm?
(diameter <14 mm)

P values CIV .04 EIV <.0001 EIV .2, CIV.9 EIV <.0001 EIV .9 CIV .2

CIV, Common iliac vein; EIV, external iliac vein.
Bold face indicates significant P values.

than a CTV examination. Cost, delay in scheduling, and
general availability are other issues that require
consideration.

Using IVUS examination as a gold standard, the sensi-
tivity of MRV in this study approached 93% to 100%
and the specificity was 0% to 50%. The positive predic-
tive value and negative predictive value of MRV in the
diagnosis of CIVO were 86% to 93% and 0% to 50%,
respectively. This finding is similar to a prior study where
MRV, when compared with IVUS examination, was noted
to have a sensitivity and specificity of 100% and 22.7%,
respectively.'®

In the current study, gadolinium contrast was used for
the performance of MRV. Kusiak and Budzynski'' have
compared contrast-enhanced MRI (CE-MRI), non-
contrast-enhanced MRI (NCE-MRI) and IVUS examina-
tion in a prior study. High correlation was observed on
target vein section areas between CE-MRI and NCE-
MRI (spearman correlation statistic: 0.87-0.97; P < .001),
but not with IVUS examination (Spearman correlation
statistic, —0.28 to 0.47; P > .05). Percentage difference
in vein section areas between CE-MRI/NCE-MRI and
IVUS examination was 27% to 60%."" In our study,
Bland-Altman plots of mean difference in area between
IVUS examination and MRV were 74.1% and 56.9% for the
CIV and the EIV, respectively. MRV areas were signifi-
cantly smaller when compared with IVUS examination.

In another study, a comparison of noncontrast
balanced steady-state free precession MRI was drawn
against intravenous digital subtraction angiography.
Noncontrast MRI overdiagnosed chronic intraluminal
webs but underdiagnosed stenosis.'®"”

MRV seems to be similar to duplex ultrasound exami-
nation in its comparison with IVUS examination. Both
modalities demonstrate dimensional disparity with
IVUS examination and show correspondingly smaller
areas than IVUS examination. In a study including 382
limbs, duplex cross-sectional areas were smaller when
compared with IVUS examination (Bland-Altman means
of 54 mm? and 34 mm? for the CIV and the EIV,
respectively).® In contrast, CTV seems to be more reliable

than wither MRV or duplex in the diagnostic workup of
CIVO. The mean CTV cross-sectional area difference
compared with IVUS examination was only 2.5% and
7.3% for the CIV and the EIV, respectively, in one study.”
Therefore, CTV may be the favored or preferred pre-
IVUS test, if one is performed, based on its better dimen-
sional parity with IVUS examination.® CTV can also be
used in the preoperative planning of patients with
CIVO. It can predict stent diameters and stent lengths
with a reasonable degree of accuracy.’

An additional consideration worth mentioning is the
cost associated with MRV, CTV, and IVUS examination.
Also, IVUS examination requires special equipment, usu-
ally a catheterization laboratory or hybrid room, with its
attendant costs.

Improvement was noted in clinical parameters (VCSS,
VAS pain, and edema grade) after stenting was per-
formed after MRV. This finding is similar to a prior study
where endovascular management produced good clin-
ical outcomes when intervention followed the perfor-
mance of MRV.'"®

CIVO is an example of a permissive lesion; this means
that the lesion is widely prevalent in the general popula-
tion, but may not produce symptoms until a secondary
insult comes into play. This secondary insult can include
conditions such as trauma, infection, thrombosis, or
reflux.'” The high sensitivity of MRV depends on the
high prevalence of obstructive chronic venous disease
in symptomatic patients with CIVO.*

Table VI. Clinic improvement in patients who had intra-
vascular ultrasound (IVUS) examination and intervention
performed after magnetic resonance venography (MRV)

Clinical

parameter Preintervention  Postintervention P value
VAS pain 5*x27 3+£3 .0001
Swelling 3*+09 2+12 .0001
VCSS 6+ 27 4+ 27 .0001

VAS, Visual analogue scale; VCSS, Venous Clinical Severity Score.
Bold face indicates significant P values.
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A general algorithm for the evaluation of patients with
CIVO has been described by the authors previously and
can be referred to for guidance.®> CTV seems to perform
better than MRV and should be considered in the
workup of patients with CIVO who have failed conserva-
tive therapy.

Study limitations. The main limitations of this study
include its retrospective nature and small sample size.
The choice of MRV as part of workup for CIVO was at
the discretion of the physician. As mentioned elsewhere
in this article, IVUS examination has its own set of limita-
tions that should also be kept in mind>® There is
inherent selection bias in the study because patients
who were highly symptomatic and who had failed con-
servative therapy were selected to undergo further
testing with an MRV study; hence, the yield was high.
Recently, Chen et al'® published their preliminary expe-
rience with evaluation of hemodynamic parameters,
such as flow rate in iliac vein compression syndrome
using MRI. In our study, hemodynamic parameters were
not assessed. Area was calculated using planimetry
software for IVUS examination and from diameter mea-
surements for MRV. Because veins are elliptical struc-
tures, this difference in comparison metric is a potential
source of bias and acknowledged. Although physiolog-
ical noise from respirations was accounted for, physio-
logical parameters such as timing of heart beat were not.
The MRV results may have been affected by that. How-
ever, MRV studies that were technically unsatisfactory
were excluded.

CONCLUSIONS

There is dimensional disparity between MRV and IVUS
examination in the diagnosis of symptomatic CIVO.
MRV has a high sensitivity but low specificity when
compared with IVUS examination. It tends to overesti-
mate the severity of the stenosis in both the EIV and
CIV. MRV is not a reliable diagnostic tool for CIVO and
should not be used for the definitive disposition of pa-
tients with CIVO.
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Supplementary Fig 1 (online only). Magnetic resonance
venography (MRV) showing diffuse narrowing of the left
common iliac vein (CIV). There is associated turbulent
flow/heterogeneously diminished flow signal in the left
common iliac vein on this time-of-flight sequence
(arrows).

Supplementary Fig 2 (online only). Time-of-flight mag-
netic resonance venography (MRV) sequence showing
course of the right common iliac artery as it crosses the left
common iliac vein (CIV) causing venous compression
syndrome (arrows).
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Supplementary Fig 3 (online only). Bland-Altman plot of mean difference in caliber of 741% for commmon iliac

vein (CIV; A) and 56.9% for external iliac vein (EIV; B) by magnetic resonance venography (MRV) compared with
intravascular ultrasound (IVUS) examination.
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