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Abstract. – OBJECTIVE: To evaluate the in-
formativeness of magnetic resonance venogra-
phy (MRV) in the diagnosis of different types of
inferior vena cava (IVC) obstruction.

PATIENTS AND METHODS: 56 patients with
IVC obstruction underwent MRV scans. These
scans were evaluated for morphology of the ob-
struction and compared with digital subtraction
angiography (DSA) images.

RESULTS: Using DSA, we determined that 47
patients had complete obstruction and 9 had
partial obstruction. MRV scans revealed 6 cases
of partial obstruction. Using MRV, we determined
the morphology of the proximal and distal ends
of the complete obstructions in the IVC.We clas-
sified our observations into cone, plateau, and
irregular subtypes. Both DSA and MRV scans
were compared to assess the consistency be-
tween two methods. MRV demonstrated high
sensitivity (100%) for diagnosing a complete ob-
struction of the IVC, and its specificity was
66.7%. The positive and negative predictive val-
ues of MRV were 94% and 100%, respectively.

CONCLUSIONS: MRV imaging is a valuable al-
ternative to DSA for detection of obstructions in
the IVC in Budd-Chiari syndrome, particularly in
the distal end, which could expedite the decision
making for interventional treatment programmes.
However, MRV imaging is less suitable for observ-
ing the morphology of the proximal ends of ob-
structions due to the limitations of the scanning
plane and the influence of pseudo shadows.

Key Words:
Vena cava inferior, Magnetic resonance venogra-

phy, Vena cava occlusion.

Introduction

Intravascular interventional techniques used
to treat Budd-Chiari Syndrome (BCS) have
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been well documented1-7. The success of inter-
ventional treatment and the appearance of com-
plications are closely related to the anatomy of
the occluded site in the inferior vena cava or
the hepatic vein8-10. Magnetic resonance venog-
raphy (MRV) has several advantages over digi-
ta subtraction angiography (DSA) for the diag-
nosis and classification of BCS11-15. Thus, MRV
is less invasive. Further, it does not require in-
jection of iodinated contrast solution and,
therefore, limits the risk of allergic reactions.
In addition, MRV does not expose the patient to
radiation. MRV provides excellent resolution in
soft tissue imaging and reflects pathological
changes in the obstruction in an accurate and
detailed manner. One MRV scan simultaneous-
ly assesses both the proximal and distal ends.
Also, MRV imaging scans the obstruction in
the inferior vena cava at multiple angles, there-
by, providing information supplemental to DSA
imaging. Moreover, MRV imaging substantially
prolongs the time-to-treatment window estab-
lished by computed tomographic venography
(CTV). Additionally, due to the difference in
the degree and scope of the obstruction, the
peak of angiographic contrast agents may differ
in BCS patients, which adds another obstacle to
DSA. MRV overcomes these limitations, pro-
vides more explicit and reliable images of vein
lesions, and has a higher rate of successful
scans. However, the use of MRV for detecting
the morphology of the occluded inferior vena
cava is rarely reported. In this study, we com-
pared MRV imaging of inferior vena cava ob-
structions with DSA imaging, and evaluated the
usefulness of MRV in clinical settings.
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Patients and Methods

Patient Information
Fifty-six patients with IVC occlusions (34

male and 22 female patients; age ranging from
19 to 78 years; mean [±SEM] age of 46 ± 8
years), who were treated in our Hospital between
January 2010 and June 2011, were included in
this study. The disease duration in these patients
ranged from 3 months to 20 years, manifesting
clinically as abdominal distension and pain, he-
patosplenomegaly, abdominal and lower extremi-
ty varicosity, ascites, lower extremity edema, hy-
perpigmentation and ulcers. All patients under-
went both MRV and DSA exams within 1 week,
and then underwent interventional treatments.
The procedures described below were carried out
in accordance with the ethical standards of the
Xuzhou Medical College Hospital Ethics Com-
mittee.

MRV Exam
A GE Sigma Excite 3.0 Tesla MRI whole

body imaging system (GE Healthcare, Milwau-
kee, WI, USA) equipped with an 8 channel phase
array abdomen TORSOPA coil was used. Con-
ventional T1W1/T2W1 and FIESTA sequences
were used to collect data. The MRV scan para-
meters consisted of a breath-hold fast liver accel-
erated volume acquisition (LAVA) volume scan-
ning sequence in 3D mode using a 288×256 ma-
trix, a 12° flip angle, 83.33 Hz bandwidth, a 40
cm field-of-view (FOV), and a 4.4 mm thickness.
The forearm venous catheter was connected to a
high-pressure injector (Ulrich, Ulm, Germany),
and the enhanced contrast agent used was
gadolinium-DTPA (0.1 mmol/kg, Bayer Schering
Pharma AG, Guangzhou, China). After injection
of enhanced contrast agent, 20 ml of saline were
used to flush the circulation. The reconstruction
of the MRV scan was based on the maximum in-
tensity projection (MIP) of the original images.
Virtual endoscopy using the coronal position as
the standard position was employed to observe
the anatomy of the IVC obstruction.

DSA Exam
A GE Innova-4100 flat-panel digital subtrac-

tion angiographic imaging system (GE Health-
care, Milwaukee, WI, USA) was used to collect
the data. A 5F pigtail catheter was delivered to
the lower edge of the occluded IVC via the
femoral vein and 25-35 ml of Iobitridol (300 mg
I/ml; Guerbet, Roissy, France) was injected at a

flow rate of 15 ml/sec. Posterior-anterior position
DSA was performed. Patients who presented
with a complete IVC occlusion by one-way an-
giography underwent two-way angiography by
jugular vein cannulation using a 5F single curve
catheter. Patients, whose partial IVC occlusion
was detected by one-way angiography, did not
undergo two-way angiography.

Image Analysis
MRV images were read and scored as com-

pletely or partially occlusion by two expert radi-
ologists. When inconsistent evaluations came
out, consultation was used to reach a consensus
on them. The DSA and MRV images of complete
obstructions in the inferior vena cava were classi-
fied into cone, plateau and irregularly-shaped. A
complicated thrombosis or the existence of col-
lateral vessels was observed in all 56 cases of
BCS.

Statistical Analysis
The scored MRV images were compared to

scored DSA images for consistency using a
paired chi-square test, and the value was calcu-
lated with p < 0.01 being set as statistically sig-
nificant.

Results

The degree of IVC Obstruction
Of the 56 total BCS patients, 47 showed com-

plete IVC occlusion and 9 showed partial IVC
occlusions, as visualized using DSA imaging.
Among 9 patients with partial IVC occlusion, 6
cases were partially obstructed in the membrane
and 3 cases had segmental stenosis. Two out of
the 47 patients with complete IVC occlusions
had dangerous collateral vessels (one or several
abnormally-running vessels originating from the
obstructed side of the IVC), or locally distorted
and expanded vessels. When MRV was per-
formed, it correctly diagnosed the existence of an
occlusion, but it did not permit visualization of
the lumen in the stenotic segment in 2 patients.
Thus, these 2 cases were incorrectly diagnosed as
complete occlusion. In contrast, DSA enabled the
visualization of contrast in the stenotic segments.
MRV also resulted in the misdiagnosis of one
case with partial occlusion that presented with a
membranous obstruction combined with throm-
bosis (Table I).
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Figure 1. MRV image of membranous obstruction in the
IVC. The membrane was not clear, but jet sign is visible (ar-
row).

MRI measurements of the holes in the mem-
branous obstructions that were observed in some
patients ranged from 2.6 to 9 mm. A “jet sign”
could be observed in all patients of this type
(Figures 1 and 2). Due to the variable size of the
holes, the jet sign presented as a stripe of varying
width like a flow void signal.

The Morphology of the Occluded end
Proximal to the Heart
The morphology of complete obstructions in

47 patients included cone-shaped and plateau-
shaped obstructions on the side proximal to the
heart (Figures 3 and 4). The cone-shaped occlu-
sions were observed in 44 cases and plateau-
shaped occlusions were present in 3 cases. MRV
led to misdiagnosis of 1 plateau-shaped occlu-
sion as cone-shaped. The consistency rate be-
tween MRV and DSA was 95.7% in the diagnos-
ing the morphology of occlusion on the side
proximal to the heart.

The Morphology of the Occluded End
Distal to the Heart
The morphologies of complete obstructions in

47 patients were cone-shaped (Figure 4), plateau-
shaped (Figures 5 and 6) and irregularly-shaped
(Figures 7 and 8) on the side distal to the heart.
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The cone-shaped occlusions were observed in 37
cases; 2 out 37 cases were combined with dan-
gerous collateral vessels (Figures 9 and 10). The
irregularly-shaped occlusions were observed in 5
cases, while platform-shaped occlusions were
seen in 5 cases. MRV correctly diagnosed the
morphology of the occluded end distal to the
heart when the cases were combined with throm-
bosis, as the morphology was predominantly
membranous in nature. Therefore, the consisten-
cy rate of MRV and DSA was 100% for diagnos-
ing the morphology of the occluded end distal to
the heart.

The IVC-associated Collateral Vessels and
Thrombosis
DSA detected 25 cases with multiple collateral

vessels on the distal side of the IVC (Figure 8), 2
cases with cone-shaped occlusions with collater-
al vessels, and 1 case with segment stenosis com-

Figure 2. DSA image of membranous obstruction in the
IVC. The jet sign is indicated by an arrow.

Figure 3 B, MRV and
DSA images of the mor-
phology of the proximal
ends of IVC obstruc-
tions. A, and B, MRV
images. C, and D, DSA
images. A, A platform-
shaped end is shown (ar-
row). B, A cone-shaped
end is shown (arrow). C,
A platform-shaped end
is shown (arrow). D, A
cone-shaped end is
shown (arrow).
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bined with collateral vessels. In contrast, MRV
detected 36 cases with multiple collateral vessels
and correctly detected all 3 dangerous communi-
cating branches with expansion vessels that do
not correspond to the azygos or hemiazygos
veins.
There were 14 cases with occlusions com-

bined with thrombosis at the distal end of the
IVC. Of these, 2 cases were stenoses with mem-
branous obstruction combined with thrombosis.
One out of 2 cases was correctly detected by

MRV, and 1 of 2 cases with old thromboses was
also correctly detected by MRV. In all 14 pa-
tients, MRV clearly showed the range of throm-
bosis, spatial relationship between the wall of the
IVC and the thrombi, and relationships among
the hepatic orifice, accessory hepatic vein orifice
and the thrombi.

Discussion

Depending on their severity, IVC occlusion
caused by BCS can be divided into partial and
complete obstruction. Interventional treatment
for patients presenting with partial obstruction
consists of balloon dilation by femoral vein
puncture. In patients with complete obstruction
patients, treatment depends on the result of DSA
two-directional imaging. Varied morphologies of

Figure 4. MRV and DSA images of an IVC obstruction with cone-shaped ends. A, MRV image showing an IVC obstruction
with cone-shaped ends on both the proximal and distal sides (arrows). B, and C, DSA bidirectional images of a cone-shaped
occluded end on the proximal (B) and distal (C) sides.

Figure 5. MRV image of an IVC occlusion case combined
with thrombosis. The irregularly shaped thrombus is adjacent
to the plateau-shaped distal side of the obstruction (arrow).

Figure 6. MRV and DSA images of a plateau-shaped ob-
structed IVC. (A) MRV image and (B), DSA image show-
ing the distal side of the obstruction (arrows).
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IVC occluded ends (cone, plateau-shaped, or ir-
regularly-shaped), existence of collateral vessels,
especially those that originate from the occluded
side of IVC, and thrombosis formation inside the
IVC make intervention difficult and lead to many
complications15,16. MRV offers many advantages
over DSA: the scans are non-invasive, provide
high tissue resolution, and allow visualization of
vascular flow void effect. Identifying the mor-
phology of the occluded side of the IVC and as-
sessing the existence of combined risk factors
can assess preliminarily the difficulty of treat-
ment and provide the foundation for choosing the
optimal treatment regimen, therefore, reducing
and even preventing complications during inter-
ventional treatment.
To date, no reports on MRV findings of partial

IVC occlusion with membranous obstruction
have been published. In the coronal position,

high speed jet of blood through stenotic vessels
with membranous obstruction is visualized as a
flow void signal in a thin stripe. This “jet sign”
can be seen in the contrast-enhanced vessels and
is a more intuitive indication of IVC membrane
occlusion than image analysis using DSA. In the
literature, this stripe-like flow void signal has
been erroneously reported as the signal caused
by a membranous obstruction in the IVC. Usual-
ly the signal from a membranous obstruction in
the IVC is horizontal or vertical, but not parallel
to the wall of IVC. This may be related to the
formation of the membranous obstruction. Identi-
fication of the actual cause will require further
study. In our study, MRV correctly diagnosed 5
cases with membranous obstruction, and the jet
sign was detected in all patients. However, in one
case, where membranous obstruction was com-
bined with thrombosis, the jet sign was not ob-
served. The failure to observe the jet sign was
probably due to a reduction in blood flow caused
by blood clots, thus, preventing the contrast
agent from forming a jet-like flow. Among the
group of partially obstructed patients, there were
2 cases with segment stenosis that were misdiag-
nosed as complete obstructions. The misdiagno-
sis was possibly due to the relatively long range
of stenosis leading to an extremely narrow lumen
that could not be detected using MRV.
In patients with complete IVC obstructions, the

choice of the direction of puncture is dependent on
the morphology of the proximal or distal end of
the occlusion to the heart.1 MRV can display both
sides of the occlusion in a single scan. When the
occlusion is cone-shaped, the tip of the occlusion

Figure 7. MRV and DSA images of an irregularly-shaped
occluded distal end. A, MRV image of a tail-shaped occlud-
ed distal end (arrow). B, DSA image of an irregularly-
shaped occluded distal end (arrow).

Figure 8.MRV and DSA images of calcification at the occluded end of the IVC. A, and B,MRV coronal (A) and sagittal (B)
scans show that the distal end of the obstruction is not completely enveloped by calcification (arrows). C, and D, DSA images
before (C) and after (D) needle penetration cannot display the three-dimensional relationship of the calcification (arrows) and
the distal end of the obstruction. In this case, the balloon could not expand the calcified vessel segment.
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has potential weak points. Specifically, in partial
interventional treatment, exploration using guide
wire with a hard head can find the weak points
within. These weak points can be observed direct-
ly using MRV, which greatly aids interventional
treatment. Additionally, in cases of membranous
obstruction, if the pressure on the distal end is
high, the membrane will bulge toward the low
pressure side (proximal end), thus distorting into a
fornix. This fornix is indicative of thin membrane
where penetration is easy to achieve. The forma-
tion of plateau-shaped membranous obstruction

indicates that the membrane is relatively tough
and has no weak point. Thus, the area that can re-
ceive the puncture is larger. During the puncture
procedure, the needle can easily slide into an angle
directed between the diaphragm and the side wall
of IVC. If the puncture is performed at that angle,
the needle is prone to piercing the IVC which re-
sults in many complications. Thus, the observation
of the platform-shaped obstruction defines the
choice of interventional treatment to be taken. Ir-
regularly-shaped obstruction is more common in
cases combined with thrombosis, or other com-
plex-type obstructions.
Some of the IVC obstruction patients present-

ed with one or several abnormally-running collat-
eral vessels originating from the obstructed side
of the IVC, or a locally distorted and expanded
vasculature (Figure 8). When performing inter-
ventional treatment, the guide wire can mistaken-
ly enter the dangerous collateral vessels instead
of the stenotic segment. Wire-mediated expan-
sion of these collateral vessels may lead to sud-
den vessel rupture and hemorrhage. For this rea-
son, these collateral vessels are termed dangerous
collateral vessels. Dangerous communicating
branches (DCB) are different from collateral ves-
sels. We define the existing blood vessels with
compensatory expansion as collateral circulation,
such as azygos or hemiazygos veins. In contrast,
we call vessels with abnormal expansion due to
the obstruction that has not yet been named
DCB. DCB include communicating branches
among the obstructed hepatic veins and at ob-
structed end of the inferior vena cava. Therefore,
the diagnosis of dangerous collateral vessels is
critical to avoid the rupture and bleeding of the
IVC during the intervention.

Figure 9. MRV image of an IVC obstruction presenting
with distorted paraspinal vasculature. The distorted vascula-
ture is indicated with arrows.

Figure 10. MRV and DSA images of IVC obstructions with dangerous collateral vessels. A, MRV image of a case with IVC
obstruction with collateral vessels. The collateral vessels branching from the distal side of the obstruction are indicated with ar-
rows. B, DSA image of a dangerous communicating branch (DCB) on the right side of the distal end of occlusion (arrow). C,
and D,MRV images of DCBs on the right (C) and top (D) of the distal end of the occlusion (arrows).
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In our study, we were able to observe collater-
al vessels in the distal end of the IVC using
MRV. MRV can be used to observe targeted ves-
sels in a multi-angle and multi-directional way
and can accurately show the spatioanatomic loca-
tion of collateral vessels, enabling the physician
to judge whether the vessel targeted for puncture
is a collateral one. In contrast, when using con-
ventional 2D DSA imaging, it is hard to accu-
rately judge the anatomy of the collateral vessels.
Since MRV is non-invasive, it is of higher clini-
cal value than conventional 2D DSA.
The optimal MRV scanning method for the di-

agnosis of IVC obstruction is thin layer scanning
followed by scanning parallel to the vessels. In
this study, we employed a 3D mode of breath-
hold fast liver accelerated volume acquisition
(LAVA) imaging and thin layer scanning at the
entrance of the IVC to the second hepatic portal.
Since 3.0T MRI has not been able to achieve true
isotropy so far, we chose to perform a three-stage
scan in the axis, coronal and sagittal positions.
These scan parameters were shown in Table II.
Through special K space filling technology, LA-
VA technology achieves fast, thin-layer volume
scanning. LAVA is 25% faster and has greater
resolution than the previous version of abdominal
dynamic enhancement technology. LAVA can al-
so cover a 25% larger range and it is superior for
fat-suppression. The thin-layer volume scanning
can continuously display the morphology of the
vascular openings which can be observed at any
angle after the images have been processed with
the instrument software. Additionally, this tech-
nique can easily display microscopic anatomical
details. Furthermore, thin-layer volume scanning
can perform vessel MIP reconstruction while the
lesions are being observed, which is significantly
superior to thick layer scanning and generates a
more accurate image of the occluded side of the
IVC as compared with DSA imaging. The MRV
images reconstructed from multiple planes better,
compared with DSA, represent the three-dimen-
sional structure of the IVC occlusion and of the
adjacent tissue. As shown in Figure 8, irregular

calcification can sometimes be observed in the
distal end of IVC occlusion. In this case, conven-
tional needle puncture was performed to pene-
trate the thick calcified areas and, then, the bal-
loon was introduced. However, the balloon was
not able to expand the occluded segment. The
MRV image showed that the calcified area did
not completely cover the end of the IVC. Such
information enabled us to bypass the calcifica-
tion by adjusting the puncture angles, so that
membrane penetration and subsequent vessel ex-
pansion were achieved. In terms of visualizing
the collateral vessels adjacent to the occlusion
and predicting the existence of DCB, MRV imag-
ing enables the visualization of the 3D spatial re-
lationship with the IVC and its collateral branch-
es in a more comprehensive manner than DSA.
This is especially evident when collateral branch-
es open in front of or behind the distal end of
IVC obstruction, where 2D DSA imaging cannot
access to the collateral vessel opening due to the
blockage of the IVC. In contrast, MRV imaging
enables the visualization of the position of collat-
eral branches, thus, providing valuable informa-
tion to the evaluation of the risks of concomitant
treatment (Figure 10). The application of MRV
has substantially reduced the need for DSA
imaging and the exposure of patients to radiation.
During the course of our study, one liver trans-
plantation patient was also included. Using MRV,
we diagnosed the patient with IVC stenosis and
proved it through the use of DSA. Therefore,
MRV imaging could also be applied to liver
transplantation patients in order to observe the
orifices of the vessels.
In this study, 14 cases with IVC obstruction

were combined with thrombosis. MRV correctly
diagnosed the morphology of the thrombus and
its spatial relationship with the vessel wall and
the hepatic vein. Fresh thrombi may cause acute
thrombosis. During interventional treatment, spe-
cial attention should be paid to avoid acute
thrombosis. Due to the small sample size in our
study, the proper and comprehensive assessment
of thrombosis will need to be studied further.

Parameter Value Reconstructed value

Axis position thickness 4.4 mm 2.2 mm
Coronal position thickness 3.6 mm 1.8 mm
Sagittal position thickness 3.2 mm 1.6 mm

Table II. Scan parameters for MRV diagnosis of IVC obstruction.
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Conclusions

In summary, MRV imaging is a valuable tech-
nique for diagnosing IVC obstruction. MRV
imaging enables to observe the morphology of
obstruction in the IVC, and provides critical in-
formation for interventional treatment of IVC oc-
clusion. This information cannot be generated
with two DSA unidirectional angiographies. Ad-
ditionally, MRV imaging reduces radiation expo-
sure during the intervention procedure. It can be
utilized as a quick diagnostic tool and a substi-
tute for DSA when planning optimal treatments.
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