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Fat-suppressed magnetic resonance volume
interpolated examination for deep venous thrombosis
compared with duplex sonography
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Abstract. The aim of the present study was to evaluate magnetic
resonance venography (MRV) scanned by breath-hold volume
interpolated body examination with spectral fat satura-
tion (VIBE-fs), combined with Dixon fat-suppressed VIBE
(VIBE-Dixon) by using a 1.5T MR scanner for detecting
deep venous thrombosis (DVT) compared with duplex
sonography. A total of 31 patients with DVT were identified
using duplex sonography and were enrolled in the present
study for MRV examination, from the inferior vena cava to
the ankle level after injection of gadopentetate dimeglumine.
Venous segment-to-segment comparison was assessed for
DVT detection between MRV and duplex sonography. A total
of two radiologists separately performed subjective image
quality assessment using a 5-point scale. Cohen's k coefficient,
Wilcoxon rank sum test and intraclass correlation coefficient
values were used for statistical analysis. Of the 303 evaluated
vein segments, duplex sonography identified 119 (39.3%;
119/303) venous segments with thrombus, while MRV detected
170 (56.1%; 170/303) venous segments with thrombus. The
diagnostic agreement rate of DVT between duplex sonography
and MRV was poor in the deep femoral vein and anterior tibial
veins, while it was excellent in the inferior vena cava (IVC),
common iliac vein, external iliac vein, femoral vein, popliteal
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vein, posterior tibial veins and peroneal veins. In addition,
poor reliability was detected in the deep femoral vein, anterior
tibial veins and peroneal veins, but good to excellent reli-
ability was observed in IVC, common iliac vein, external iliac
vein, femoral vein, popliteal vein and posterior tibial veins.
Furthermore, image quality scores of each venous segment
between the two radiologists indicated no statistical difference.
Therefore, MRV scanned using VIBE-fs for the suprainguinal
and VIBE-Dixon for the infrainguinal region may be a useful
method for detecting DVT compared with duplex sonography.
The results of present study proved this MR protocol to be
a beneficial alternative imaging modality for the detection of
DVT when duplex sonography is inadequate or not able to be
performed.

Introduction

Conventional venography has been considered as the gold
standard in detecting deep venous thrombosis (DVT), even
in patients who are asymptomatic (1,2). However, its clinical
application has been limited due to several disadvantages,
including pain, the requirement of ionic contrast agents, radia-
tion exposure, the fact it is time consuming and the lack of
reliability in cases due to patient contraindication or technical
issues (3). CT allows the evaluation of DVT with a ‘combined
CT venography and pulmonary angiography imaging proce-
dure initially introduced by Loud et al (4), but radiation
exposure of CT venography notably increases the gonadal
dose (5). Further limitations include poor venous enhancement
and streak artifacts from orthopedic implants (6). Alternatively,
duplex sonography is the most widely used imaging modality
for symptomatic DVT assessment from the common femoral
to the popliteal vein due to its high sensitivity at 76-100% and
specificity at 96-100%, compared with conventional venog-
raphy (7,8). However, the accurate evaluation of pelvic and
abdominal veins is operator-dependent and requires extensive
experience (9).

MRI has gained growing interest due to absence of radia-
tion exposure, improved ability for displaying soft tissues,
visualization of proximal and peripheral venous vasculatures
with high spatial resolution (6,7,10). Magnetic resonance venog-
raphy (MRV) offers superior evaluation for venous thrombus
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in the abdomen, pelvis and lower limbs of patients (10,11),
despite complications including swollen legs, edema, wounds,
obesity, plaster involvement, iodinated contrast agents and
interference of bowel gas, which are also technical limitations
for conventional venography and duplex sonography (12).

A variety of MRI techniques are available for the
evaluation of the venous system (13). Time-of-flight MRV is a
non-contrast-enhanced method that relies on the intrinsic prop-
erties of flowing blood, but it requires longer image acquisition
time and is limited by flow artifacts and saturation effect, which
may decrease diagnostic accuracy (7). MR direct thrombus
imaging involves injecting dilute gadolinium directly into the
distal extremity of expected pathology (14-16). However, MR
direct thrombus imaging cannot be used if alternative sites
of intravenous access if thrombus or obstruction have been
identified, as this method requires venous cannulation of the
affected extremity (15,16).

Volume interpolated body examination (VIBE) is a gradient
echo MR sequence first introduced by Rofsky ez al (17), which
can produce high isotropic resolution images, combined with
fat-suppression technique, by minimizing partial volume
effect and maximizing tissue contrast in contrast-enhanced
MR examinations. Visualization of vascular structures maybe
improved by administration of an intravenous contrast agent,
and contrast-enhanced MRV using fat-suppressed VIBE is an
efficient method with superior visualization capability to depict
thrombus in the abdomen, pelvis and lower limbs (18-21).

VIBE with spectral fat saturation (VIBE-fs) in previous
MRV studies requires frequency-selective saturation pulse,
which must be equal to the fat resonance frequency (22).
VIBE-fs is sensitive to static magnetic field non-uniformity,
thus is inadequate when used in large field of view imaging (22),
and results in an unsatisfied fat saturation efficacy, which may
affect visualization and the evaluation of small vessels. In
contrast to spectral fat saturation, the Dixon fat-suppressed
technique does not require a fat-selective pulse (20,22).
To the best of our knowledge, there have been no previous
studies investigating the use of Dixon fat-suppressed VIBE
(VIBE-Dixon) for DVT detection in the lower leg.

The present study investigated the feasibility of using high
resolution MRV, breath-hold VIBE-fs for the abdominopelvic
region and VIBE-Dixon for the lower legs on a 1.5T MR
scanner, to evaluate DVT compared with duplex sonography.

Materials and methods

Study population. The current prospective study was approved
by The Medical Ethics Committee of Huazhong University of
Science and Technology. Patients were informed of proce-
dures, and written consent was obtained.

In total, 31 consecutive patients (men, 18; women, 13;
mean age, 50.1+14.8 years; age range, 17-75 years) with DVT
identified by duplex sonography between January 2015 and
March 2016 were included in the present study. All patients
presented with leg swelling or leg pain, and were recruited
from Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology (Wuhan, China). Of the
31 patients, there were 29 in patients and 2 out patients; a total
of 10 patients (32.3%) presented with DVT only, 21 (67.7%)
exhibited pulmonary embolism and DVT. D-Dimer is a marker
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of endogenous fibrinolysis and can be detected in patients
with DVT (23). A total of 2 ml of blood was taken from the
20 patients who were required to undergo D-Dimer testing,
followed by duplex sonography, and the results of the D-Dimer
test ranged from 0.9-20.0 mg/1 (6.0+5.1 mg/l; reference value,
<0.5 mg/l); the other 11 patients were not required to take the
test as their DVT had previously been confirmed using duplex
sonography. The exclusion criteria were as follows: i) Pregnant
women; ii) inability to accomplish MR imaging due to severe
dyspnea, continuous cough and shock; iii) contraindication to
MR scanning; iv) acute or chronic severe renal impairment
(estimated glomerular filtration rate, <30 ml/min/1.73 m?); and
v) inability to establish intravenous access.

Duplex sonography. Duplex sonography was performed by a
specialized radiologist, with >15 years of experience in duplex
sonography, using the same duplex sonography device (LOGIQ
E9; GE Healthcare) equipped with a 7.5-MHz probe for the
lower leg,and a 3.0- or 5.0-MHz probe for the abdominal-pelvic
region. The medical reports were acquired via the electronic
medical record of our hospital. Duplex sonography examined
and detected DVTs in the left leg of 22 patients, the right leg
in five patients and on both sides of the leg in four patients,
according to clinical demands. Therefore, duplex sonography
examined 35 single legs in all [22+5+(4x2)=35]; the inclusion
and exclusion of patients are presented in Fig. 1. Diagnostic
standards for DVT were as follows: i) The infrainguinal veins
could be imaged by Color Doppler flow imaging (CDFI) and
compression sonography; ii) DVT could be diagnosed with the
visualization of intraluminal thrombus; iii) venous lumen filled
with weak echo; iv) venous lumen cannot be completely flat-
tened when being pressured; and v) the absence of blood flow
within the veins on CDFI. As suprainguinal veins are too deep
to be fully compressible, longitudinal and transverse sections
of the abdominal-pelvic veins were examined using Doppler
for the presence of spontaneous flow, and DVT was diagnosed
by the absence of flow using Doppler and the absence of blood
flow on CDFI (24).

MR scanning protocol. All patients were scanned using a
1.5T MR scanner system (MAGNETOMAera; Siemens
Healthineers) equipped with 45 mT/m gradient strength and a
200 T/m/s maximum slew rate. The MR scanning was carried out
1.7+1.8 days after duplex sonography. The abdomen and pelvic
regions were covered with two matrix coils with 12 channels. A
peripheral angiography phased-array coil equipped with 32 chan-
nels covered the lower extremities. Patients were positioned in the
supine position, head-first toward the bore of the magnetic field.
The arms of the patients were positioned on the bilateral sides, the
bilateral legs were tied up using the belts of peripheral coil and
ankles were elevated using a folded soft sponge to avoid compres-
sion of leg veins and motion artifacts. Gadopentetate dimeglumine
(Magnevist; Bayer Schering Pharma AG) was administered via
a right intravenouscatheter at the rate of 2.5 ml/s, with a total
volume 0.15 mmol/kg using a power injector (Stellant injection
system MedRad; Bayer AG). A 15 ml saline chaser bolus was also
administered at the same aforementioned rate.

MRV examinations were performed by applying
fat-suppressed VIBE in the coronal projection. The craniocaudal
scanning range from diaphragm to ankle level was divided into
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Duplex sonography examined 22 patients on the left leg, 5 patients on the
right leg and 4 patients on bilateral legs

!

Duplex sonography examined 27 patients on unilateral leg and 4 patients on
bilateral legs, resulting in 311 vein segments in all for comparison analysis
[(27 IVC+27 legs x 8 segments)+(4 IVC + 4 x 8 segments x2)=311 segments]

3 vein segments (1 anterior tibial
<—| vein, 1 posterior tibial vein, 1
peroneal vein) were excluded

right lower leg of a 38y-male
patient was not scanned due
to MR scanner failure during

the imaging procedure

5 vein segments (1 femoral vein,
< | 1 deep femoral vein, 1 anterior
tibial vein, 1 posterior tibial vein,
1 peroneal vein) were excluded

left upper leg of a 58y-male and
<« | right lower leg of a 52y-female
were excluded due to severe
motion artifacts

Finally, 303 vein segments in total were analyzed for segment-to-segment
comparison between MRV and duplex sonography

Figure 1. Inclusion and exclusion of the venous segments for the per-vein-segment comparison between MRV and duplex sonography. IVC, inferior vena cava;

MRV, magnetic resonance venography.

three stacks, the abdominal and pelvic region, the upper leg
region and the lower leg region. Imaging acquisition was initi-
ated 3 min after gadolinium injection via a right intravenous
antecubital catheter. The total imaging matrix technique (TIM)
was applied, which eliminated the need for patient positioning
and manual coil changes during MR scans. The abdominal
and pelvic region was scanned from the diaphragm to the iliac
vein region for the inferior vena cava (IVC), bilateral common,
external and internal iliac veins. Breath-hold VIBE-fs was
performed to avoid motion artifacts in the abdominal-pelvic
region, and patients held their breath for 18 sec during each
examination. Upper and lower legs from the iliac vein region
to ankle level were analyzed in two consecutive regions using
high-resolution VIBE-Dixon without breath-holding; these
two regions were acquired with voxel size of 0.5x0.5x1 mm.
Detailed parameters of gradient echo VIBE are listed in Table I.
The diagnostic criterion for DVT in MRV were defined as visu-
alization of direct hypointensity filling defects in venous lumen
or non-visualization of a venous segment (13).

MR image processing. The generated coronal images were
transferred to the Syngo MR workstation (Siemens AG)
for analysis and review. Coronal images and reconstructed
axial images were used for evaluation in a fixed order: IVC,
pelvic veins, upper leg veins and lower leg veins. Multiplanar
reconstruction, curved planar reconstruction and maximum
intensity projection were reconstructed as required according
to diagnostic demands.

Subjective image quality evaluation. In the present study,
two radiologists with 12 years and 5 years of MR experience,
who were unaware of duplex sonography results or D-Dimer
test results, analyzed the MR images for DVT detection. The
venous segment-to-segment comparison analysis between
MRYV and duplex sonography for DVT detection was based
on vein segments of 1) IVC; ii) common iliac vein; iii) external
iliac vein; iv) internal iliac vein; v) femoral vein; vi) deep
femoral vein; vii) popliteal vein; viii) anterior tibial veins;
ix) posterior tibial veins; and x) peroneal veins. The venous
segments i-x) were evaluated independently for MRV image
quality by the two experienced radiologists using a modified
5-point scaling system (21). The following point system was
used: 5, Excellent, without blurring/artifacts, sharply defined
vessel borders; 4, good, with minimal blurring/artifacts, good
sharply of the vessel borders; 3, moderate, with vessel segments
clearly definable with moderate blurring/artifacts, sharpness
of vessel border is insufficient: 2, poor, with vessel segments
definable but with significant blurring/artifacts, vessel borders
only suspected but not clearly visible; and 1, non-diagnostic.

Statistical analysis. Statistical analysis was performed using
Cohen's « coefficient statistic in MRV and duplex sonography
diagnostic agreement of DVT for venous segment-to-segment
comparison. According to the Fleiss classification (25) (poor,
<0.40; moderate, 0.40-0.59; good, 0.60-0.75; excellent, >0.75),
inter-observer variability between two attending radiolo-
gists was analysed using Wilcoxon rank sum test. Intraclass
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Table I. Parameters of gradient echo VIBE for abdominal, pelvic and lower extremities.

Imaging region

Abdominal and pelvic region

Upper and lower leg regions

Sequence VIBE with spectral fat saturation VIBE with Dixon
Repetition time/echo time, ms 347/1.27 6.95/2.39
Field of view, mm? 400 400

Slice thickness, mm 1.50 1.00

Slice interval, mm 0.30 0.20
Number of slices 88 104

Flip angle, ° 10 10
Bandwidth, Hz/px 450 450

Phase encoding direction R/L R/L

iPAT acceleration factor 3 2

Matrix size 237x320 384x384
Acquisition time 18 sec 2 min 27 sec for upper or lower legregions,

4 min 54 sec for whole legs

VIBE, volume interpolated body examination; R/L, right/left; iPAT, integrated parallel acquisition technique.

Table II. Per-vein-segment analysis of deep vein thrombosis between magnetic resonance venography and duplex sonography

in 31 patients.

Vein segment Duplex sonography Magnetic resonance venography K value ICC 95% CI

Inferior vena cava 4 5 0.89 0.87 0.76-0.94
Common iliac vein 10 13 0.87 0.74 0.54-0.86
External iliac vein 9 13 0.81 0.74 0.54-0.86
Femoral vein 13 14 0.96 0.94 0.89-0.97
Deep femoral vein 2 12 0.28 0.21 0.07-0.48
Popliteal vein 25 27 0.96 0.86 0.73-0.92
Anterior tibial veins 4 23 0.28 0.13 0.09-0.38
Posterior tibial veins 26 31 0.90 0.55 0.27-0.75
Peroneal veins 26 32 0.89 043 0.13-0.67

ICC, intraclass correlation coefficient; CI, confidence interval.

correlation coefficient (ICC) estimates and 95% CI were
calculated using SPSS software (SPSS 22; IBM Corp.) based
on absolute agreement, a two-way random model was used
for the reliability analysis (poor reliability, <0.5; moderate
reliability, 0.5-0.75; good reliability, 0.75-0.9; excellent reli-
ability, >0.9). P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient data. All 31 enrolled patients finished MRV success-
fully without allergic reactions. A total of eight venous
segments were excluded due to MR scanner failure during the
imaging procedure (three venous segments), and severe motion
artifacts (five venous segments; Fig. 1). A total of 303 vein
segments were analyzed for segment-to-segment comparison
between MRV and duplex sonography in the present study. Of
the 303 evaluated vein segments, duplex sonography identified

119 (39.3%) vein segments with thrombus, while MRV detected
170 (56.1%) vein segments with thrombus (Table II). Therefore,
a total of 51 additional DVT vein segments were detected
using MRV compared with duplex sonography (images of one
representative patient shown in Fig. 2A-M). In six patients,
separation of water-only and fat-only images were incorrectly
reconstructed, so that one leg demonstrated fat-only signal, the
other leg revealed water-only signal in the water-only image
and the same condition in the fat-only image (images of one
representative patient shown in Fig. 2E-G).

Agreement evaluation. The detection agreement rate of
DVT between MRV and duplex sonography was poor in
deep femoral vein (x value=0.28) and anterior tibial veins (x
value=0.28), while excellent in other vein segments (Table II).
Excellent reliability was detected in the femoral vein, good
reliability in IVC and popliteal vein, moderate reliability in
common iliac vein, external femoral vein and posterior tibial
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Figure 2. DVT from distal extremities extended to IVC. The images were obtained from a 53-year-old female patient who had leg swelling for 2 weeks, and
accepted IVC filter implantation 1 year prior. (A) Coronal curved planar reconstruction (CPR) image and (B) coronal CPR image of abdomen, pelvic and lower
extremities showed extended range of the thrombus. (C) Axial multiplanar reconstruction (MPR) image and (D) axial MPR image indicated thrombus in the
bilateral external iliac veins and left internal iliac vein, bilateral deep femoral vein and femoral veins, as depicted by the arrows. (E) Axial MPR image and
(F) axial MPR image showed thrombus in right popliteal vein and left popliteal vein, as depicted by the arrows. (G) Axial MPR images of the thrombus in
the left posterior tibial vein and peroneal vein, as depicted by the arrows. Compression sonography images of (H) the left external iliac vein, (J) left popliteal
vein and (L) left peroneal vein showed that the thrombus could be depicted and venous lumen could not be completely flattened when pressure was applied, as
indicated by the arrows. CDFI images of the () left external iliac vein, (K) left popliteal vein and (M) left peroneal vein showed that absent blood flow within
these veins could be detected clearly, as indicated by the arrows. CDFI, Color Doppler flow imaging; IVC, inferior vena cava.
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Table III. Image quality scores of magnetic resonance venog-
raphy based on per-vein-segment, based on a 5-point scale.

Vein segment Observer A Observer B P-value
Inferior vena cava 4.74+0.45 4.77+0.43 0.71
Common iliac vein 4.82+0.38 4.81+0.40 0.76
External iliac vein 4.84+0.37 4.87+0.34 041
Internal iliac vein 4.90+0.30 4.84+0.37 0.16
Femoral vein 4.97+0.18 4.98+0.13 0.32
Deep femoral vein 4.98+0.13 5.00+0.00 0.32
Popliteal vein 4.95+0.22 5.00+0.00 0.08
Anterior tibial veins 4.69+0.50 4.74+0 .44 0.18
Posterior tibial veins 4.71+0.50 476043 0.32
Peroneal veins 4.76+0.47 4.81+0.40 0.18
Overall mean scores 4.85+0.37 4.87+0.33 0.05

Data are presented as the mean + SD.

veins, and poor reliability in the deep femoral vein, anterior
tibial veins and peroneal veins (Table II). As for the 35 internal
iliac veins, duplex sonography only detected 18 internal iliac
vein segments, including one DVT involved, 16 were diag-
nosed to be negative and one was not assessible. However,
MRYV examined all the 35 internal iliac vein segments and
found thrombus in nine internal iliac veins, while the other 26
were negative.

Image quality. Image quality was poor in five vein segments
due to severe motion artifacts, which were excluded from
the segment-to-segment comparison mentioned above. The
present results suggested that the scores of venous segments
in MRV between two radiologists indicated no statistical
difference. The overall mean score for visualization of vein
segments was 4.86+0.35, indicating excellent image quality
(Table III). No statistical difference in the interobserver vari-
ability was observed between the two radiologists. In addition,
the ICC value was 0.62, with 95% CI 0.56-0.66 (P<0.001), thus
indicating moderate interobserver reliability.

Additional findings. Along with the vein segments used for
segment-to-segment comparison, MRV additionally examined 27
other single legs, which were not identified by duplex sonography,
and indicated 38 vein segments with thrombosis. This included
one common iliac vein, one internal iliac vein, one external iliac
vein, two femoral veins, three popliteal veins, four anterior tibial
veins, 14 posterior tibial veins and 12 peroneal veins. In addition,
except for the thrombus detected in the deep venous system,
duplex sonography incidentally identified thrombus in five great
saphenous vein segments and five small saphenous vein segments,
while MRV detected thrombus in 11 great saphenous vein
segments and six small saphenous vein segments. Furthermore,
duplex sonography identified varicosities with thrombus in the
great saphenous vein in three patients, which were also clearly
visible in MRV images, and had been identified by high ligation
of great saphenous vein and varicose vein stripping surgery after
duplex sonography and MRV (Fig. 3).
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Discussion

To the best of our knowledge, the present study is the first to
demonstrate the application of high resolution MRV compared
with duplex sonography for DVT assessment, using VIBE-fs
for abdominopelvic DVT (acquisition time, 18 sec) and
VIBE-Dixon for lower leg DVT (acquisition time,4 min 54 sec).
The deep venous system was assessed using per-vein-segment
analysis rather than per-embolus or per-patient analysis,
despite the limited number of patients enrolled in the present
study. Overall, MRV detected more DVT-involved vein
segments compared with duplex sonography, especially in the
deep femoral vein and anterior tibial veins.

MRYV VIBE has been reported to be a faster and more effi-
cient method for identification of a normal venous system of
legs (18). Hansch et al (19) introduced a combined protocol for
pulmonary arteries and abdominal/pelvic/leg veins by scan-
ning VIBE-fs after a blood pool contrast agent injection; in
this protocol venous system from ankle to IVC were visualized
at a high level of image quality. In addition, Bashir er al (26)
used VIBE-fs to compare iron-based ferumoxytol and
gadolinium-based gadofosveset for abdominopelvic and lower
extremity venous enhancement, from the central IVC to popli-
teal vessels, in patients with end-stage renal diseases. However,
differing from these previous MRV studies using VIBE-fs,
the present study included high resolution VIBE-Dixon for
infrainguinal DVT in the MRV protocol.

Unlike spectral fat saturation, Dixon fat-suppressed
technique used in present study is a multi-echo modulating
technique based on difference of the frequency between fat
and water molecules. Dixon fat-suppressed technique produces
four tissue-contrast images: In-phase, opposed-phase, fat-only
and water-only images; fat-only and water-only images can
be subsequently reconstructed by complex signal addition or
subtraction calculation by signals of in-phase and opposed-phase
images; the water-only image obtained by the Dixon's technique
can be used for fat suppression (20,27-29). A previous mouse
study reported that Dixon fat separation provided a more reli-
able and homogenous fat suppression compared with a chemical
saturation method in phantoms and in vivo experiments (27).
In previous phantom studies, signal-to-noise-ratio is higher
in Dixon fat saturation T1 weighted images compared with
conventional fat saturation (28,29). In the present study, the
separation of fat and water was not achieved completely in six
patients, which may be related with BO-inhomogeneity phase
differences (20). However, this did not reduce the observations
of the venous system of the lower legs, as fat suppressed images
could be obtained by fat-only and water-only images. Therefore,
the venous vasculatures could be visualized continuously by
combining the two images.

Although the gadolinium-based blood pool contrast agent
gadofosveset trisodium was not applied in the present study,
the conventional extracellular gadolinium-based contrast
agent gadopentetate dimeglumine used had been proven to
be feasible in previous studies (21,30). Furthermore, the MRV
VIBE sequence was initiated 3 min after contrast administra-
tion in the present study, in order to achieve veins fully filled
with contrast material in the venous system.

Sensitivity for distal DVT of MRV has been reported to
be lower than proximal DVT (62.1% vs. 93.9%) in a previous
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Figure 3. Thrombus and varicosity in left great saphenous vein in a 49-year-old man, these were identified by high ligation of the left great saphenous vein and
varicose vein stripping surgery 3 days after MRV and duplex sonography. MRV by VIBE-Dixon. (A) Coronal curved planar reconstruction image. (B) Sagittal
curved planar reconstruction image and (C) coronal image showed the thrombus and varicosity, as indicated by the arrows. (D) Compression sonography
showed thrombus in the left great saphenous vein with incomplete compression, as indicated by the arrows. MRV, magnetic resonance venography; VIBE,

volume interpolated body examination.

meta-analysis (13). High signals caused by intravenous gado-
linium-based contrast agent in the vessels allows for better
depiction of venous characterization in contrast enhanced
MRYV, and the more homogenous fat suppression using the
Dixon fat saturation technique may improve the visualiza-
tion of small vessels (28). Therefore, the present study used
VIBE-Dixon with a higher resolution (voxel size, 0.5x0.5x1)
in the lower leg.

MRYV VIBE-Dixon in the present study detected 13 and 30
more vein segments with DVT compared with duplex sonog-
raphy in femoropopliteal veins and distal veins, especially for
deep femoral vein and anterior tibial veins. The poor visual-
ization of deep femoral vein may be related to the depth and
the relative inaccessibility of duplex sonography, due to the
limited range of ultrasound waves in tissues. Anterior tibial
veins are not recommended to be investigated routinely as
they have been previously reported to be rarely affected by
DVT (31-33).

In the present study, the patients enrolled were all symp-
tomatic with leg swelling and leg pain, so the anterior tibial
veins were examined and evaluated. The inferiority of duplex
sonography in anterior tibial veins observed in the present study
may be related to the edema in the legs, and the inexperienced
operators for detecting the anterior tibial veins which is not
performed routinely in clinical practice. Moreover, benefitting
from higher spatial resolution, MRV for visualizing subtle vein
segments and hypointensity filling defects could be displayed
clearly with the surrounding high intravascular enhancement.
In addition, homogeneous fat suppression allows MRV to be
useful for visualizing these vein segments (20).

With regards to the abdominopelvic region, duplex sonog-
raphy has a limited ability to detect pelvic and abdominal
thrombus due to complications, including obesity, bowel gas,
impeded acoustic penetration and its operator dependent
feature (9,32). In the present study, MRV VIBE-fs used for the
abdominopelvic region detected eight more DV T involved vein
segments compared with duplex sonography, including one in
the IVC, three in common iliac veins and four in the external
iliac vein. Although the internal iliac vein was not used for

segment-to-segment comparison, the present results suggested
that MRV may also be suitable for displaying the anatomy of
internal iliac veins, related thrombus inside the IVC and pelvic
veins, which is consistent with previous studies (10,11,21).

Evaluation of abdominopelvic veins, especially for the IVC
scanned with VIBE-fs, was assessed as contrast-enhanced
MRV offers good tissue contrast between thrombus and intra-
vascular blood in the IVC despite the interference of bowels,
which is essential to determine the accurate site for IVC filter
placement in clinical practice. Moreover, in the present study,
MRV could display the bilateral venous system of lower
extremities and the bilateral pelvic vessels simultaneously
with the help of the peripheral angiography phased-array coil.

Despite the limitations of duplex sonography, it has advan-
tages for DVT diagnosis. Duplex sonography is non-invasive,
cost effective treatment, which is available for critically ill
patients and has largely replaced conventional venography as
the standard for clinically suspected DVT diagnosis with a
high sensitivity and specificity (12). Compression sonography
alone would be an appropriate test when identifying proximal
DVT as it can achieve an optimal specificity of 97.8%, while
combined color-doppler method is the appropriate technique
for identifying distal DVT (12). Ultrasound elastography (UE)
can estimate elastic properties of soft tissues such as stiffness,
and it has been reported that UE may be a promising technique
to distinguish between acute and chronic DVT (34). However
the clinical applicability of UE to DVT has not yet been fully
investigated (34).

With the advantages of MRV, this technique may be
considered as an alternative method for DVT assessment
to duplex sonography. However, it is not feasible in patients
with contraindications to gadolinium-contrast MR imaging,
such as patients with renal insufficiency with an estimated
glomerular filtration rate<30, pregnant women, those with a
history of allergic reaction to gadolinium-based contrast mate-
rial, critically ill patients who cannot tolerate MR scanning,
claustrophobic patients or those unable to establish venous
access, which is necessary for contrast-enhanced MRV (35).
Moreover, compared with duplex sonography, MR examination
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has a relatively higher cost with the use of contrast material
and a higher acoustic noise, and the main reason for the noise
is related to mechanical vibrations of gradient coil during
rapid switching of gradients (36).

The present study had limitations. First, while conventional
venography is generally accepted as the gold standard for
imaging DVT, it is rarely performed in clinical practice (6). It
is also a limitation to use duplex sonography alone as the refer-
ence standard. Additionally, whilst acquisition time for lower
leg is only 4 min 54 sec, VIBE-Dixon with a higher resolution
in the present study requires enormous reconstruction data,
which consumed 6 min for each Dixon-region to obtain coronal
images. Therefore, the five vein segments excluded from the
comparative evaluation, related with severe motion artifacts,
were not scanned again in a timely manner, despite a dedicated
reconstruction computer available in the department. Due to
this reason, the present study had scanned the abdominopelvic
region with breath-hold VIBE-fs, as the images could be
visualized simultaneously after the scanning, which is helpful
to scan the sequence again if the images are affected by
motion artifacts related with the breath-hold. Moreover, since
thrombus detection in the deep venous system was the primary
aim of the present study, there was no systematic analysis of the
superficial veins between duplex sonography and MRV, thus
further studies are required. Another limitation was that the
time used in duplex sonography and MRV was not recorded,
as acquisition time for MRV was ~6 min in the present study,
and time for patient-positioning and image reconstruction was
not included. In addition, although CT venography (CTV) has
considerable ionizing radiation exposure, a lower kVp setting
with a modified reconstruction technique can help to decrease
the radiation dose while maintaining the image quality in
CTV (37). Therefore, a limitation of the present study includes
the absence of a comparison between MRV and CTV.

In conclusion, the results of the present study suggested
that contrast enhanced MRV scanned by VIBE-fs for supra-
inguinal and VIBE-Dixon for infrainguinal regions may be a
feasible method for venous system depiction and DVT detec-
tion in abdomen, pelvic and lower extremities. Agreement rate
analysis results suggested that MRV, compared with duplex
sonography, may be a good alternative imaging modality for
DVT assessment when duplex sonography is inadequate or not
feasible.
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